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Art.  I. — Oontrtbuiions  (o  Meteorology,  being  results  derived  Jrom 
an  examination  of  the  Observatious  of  i/ie  United  States  Signal 
Service,  and  from  other  sources ;  by  Elias  Loomis,  Professor 
of  Natural  Philosophy  in  Yale  Collega  Sixth  paper.  With 
plates  I,  II  and  III. 

[Bead  before  the  National  Academy  of  Sciences,  Philadelphia,  Oct  18, 1876.] 

Period  of  unusual  heat  in  June^  1878. 
In  June,  1873,  an  unusually  high  temperature  prevailed 
throughout  a  large  portion  of  the  United  States.  At  most  of 
the  Signal  Service  stations  the  thermometer  rose  above  90*^ 
during  some  part  of  the  month,  and  at  several  of  the  stations 
there  were  more  than  ten  days  on  which  the  thermometer  rose 
as  high  as  90°.     In  the  following  table,  column  1st  shows  the 

TemperoJture  of  90**  in  June^  1873. 


Elevft- 

Bteya- 

StattoM. 

Lfttltnd*. 

aon. 

CMM. 
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LaUtnde. 
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Fort  Sully 

44*  39' 

1687 

17 

St.  Paul 

44* 

63' 

794 

6 

28    32 

26 

13 

Boston 

42 

21 

77 
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San  Antonio... 

29     25 

600 

13 

Baltimore 
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18 

•46 
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Mobile 

30    42 

41 

12 

Chicago 

New  York 
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62 

657 
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39     44 

6135 

11 

40 

42 

165 
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40     23 

584 

11 
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41 

40 

649 
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Montgomery... 

32     22 

260 

11 

Cleveland 

41 

30 

682 

1 

Washington... 

38     53 

105 

10 

Fort  Garry 

49 

62 

654 
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LaOrosse 

43     48 

686 
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41 

17 

107 

1 

Cairo 

37  0 

38  18 

352 
496 

7 
7 

Oswego 

Lexington,  Ky.. 

42 
38 

28 
8 

291 
1083 

1 
0 

LouisviUe 

Cincinnati 

39       6 

614 

6 

Montreal 

45 

30 

187 

0 
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39     19 

813 
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39 

40 

991 
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46     16 

966 
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Rochester 

43 

8 

584 

0 

Cheyenne 

41     12 

6058 
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Toronto 

43 

39 

842 
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Omaha.. ....... 

41     16 

1045 

6 
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Dames  of  the  stations  at  which  observations  were  made  with 
self-registering  thermoraetere ;  column  2d  shows  the  latitude  of 
the  stations;  column  3d  shows  their  elevation  above  the  sea, 
expressed  in  feet;  and  column  4th  shows  the  number  of  days 
on  which  the  thermometer  rose  as  high  as  90°. 

The  observations  at  Denver  and  Cheyenne  indicate  that  on 
an  elevated  plateau  the  extreme  heat  of  summer  is  at  least  as 
great  as  it  is  at  the  level  of  the  sea  in  the  same  latitude ;  while 
the  observations  at  Lexington  and  Morgantown  show  that  an 
elevation  of  a  few  hundred  feet  above  the  surrounding  country 
has  a  sensible  eflfect  in  moderating  the  extremes  of  heat  The 
observations  in  the  vicinity  of  the  Great  Lakes  as  well  as  those 
near  the  Ocean  show  that  large  bodies  of  water  have  a  decided 
influence  in  moderating  the  extremes  of  temperature. 

The  stations  at  which  the  thermometer  rose  above  90°  in  more 
than  three  cases  are  all  inland  stations ;  and  it  is  noticeable  that 
at  certain  northern  stations  the  heat  was  more  intense  than  at 
any  of  the  southern  stations.  At  Fort  Sully  the  thermometer 
rose  to  108° ;  on  seven  days  it  rose  above  100° ;  and  on  twelve 
days  it  rose  as  high  as  96°.     At  Denver  the  thermometer  rose 

ObservcUions  of  the  thermometer  at  4^  35™  p.  u.y.June  16-26, 1873. 
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to  99"^,  and  on  five  days  it  rose  as  high  as  95**.  At  Indianola 
the  highest  temperature  was  97°'5,  and  only  twice  did  the  ther- 
mometer rise  as  high  as  95^  At  San  Antonio  the  highest  tem- 
perature was  96°,  and  only  once  did  the  thermometer  nse  as  high 
as  96°.  At  Mobile  the  highest  temperature  was  96°,  and  these 
are  the  highest  temperatures  reported  at  any  of  the  southern 
stationa  We  thus  see  that  at  Fort  Sully  an^  Denver  the  ther- 
mometer rose  higher  than  it  did  at  any  of  the  southern  stations. 

If  we  consider  simply  the  height  of  the  thermometer  above 
the  mean  temperature  of  the  month,  we  find  that  by  far  the 
most  remarkable  cases  occurred  at  stations  north  of  latitude  40°. 
The  preceding  table  exhibits  the  observed  changes  of  tempera- 
ture from  June  16  to  June  26.  Column  second  shows  the  mean 
temperature  of  June  at  the  stations  named  in  column  first,  and 
the  succeeding  columns  show  the  difierence  between  the  mean 
temperature  of  the  month  and  the  temperature  obser/ed  each 
day  at  4**  85*°  P.  M.  At  this  hour  the  temperature  at  most  of 
the  stations  is  about  8°  above  the  mean  temperature  of  the  day, 
so  that  nearly  all  the  numbers  given  in  this  table  should  be 
diminished  by  about  8°  in  order  to  show  the  elevation  above 
the  mean  temperature  at  the  hour  of  observation ;  and  at  a  few 
of  the  stations  a  still  larger  correction  is  required. 

In  order  to  exhibit  more  clearly  the  conclusions  to  be  de- 
rived from  the  numbers  in  the  preceding  table  I  have  prepared 
the  following  summary,  in  which  column  second  shows  for  each 
day  at  what  station  the  temperature  rose  most  above  the  mean 
for  the  month ;  column  third  shows  how  much  the  thermometer 
rose  above  the  mean ;  column  fourth  shows  the  state  of  the  ba- 
rometer at  the  given  station,  and  column  fifth  shows  the  lowest 
barometer  observed  on  the  given  day  at  any  of  the  stations. 

Temperatures  most  above  the  mean. 


BUtioiil. 


Port  Benton . 
Port  Sully..- 
Breckenridge 
Port  Benton . 
Virginia  City 
Port  Sully... 
Port  Sully... 

Alpena 

Bflcanaba  ... 
Marquette... 
Cheyenne  ... 
Port  Sully... 

Denver 

Milwaukee  .. 

Saugeen 

Denver 

FortSuUy... 
Breckenridge 


Temper- 

Barou. 

Lowest 
bftrom. 

+  19* 

29-97 

29*64 

+  21 

29*68 

29-68 

+  19 

29-69 

29*46 

+  30 

29-80 

29-68 

+  24 

29-67 

29-64 

+  24 

29*69 
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+  27 

29*62 

29-38 

+  28 
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29-26 
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29*49 

+  26 
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29-49 

+  26 

29*90 

29-41 

+  26 
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29-46 

+  28 

29-61 

29-30 
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29-77 

29-67 

+  26 

HO-06 

29*62 

+  28 

29-87 

29-62 

+  31 

29-62 

29-62 

+  28 

29-68 

29-68 
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We  see  from  this  table  that  the  stations  at  which  the  ther- 
mometer rose  most  above  the  mean  were  all  north  of  lat.  89°, 
and  they  are  all  situated  between  the  Eockj  Mountains  and  the 
meridian  of  81®  west  of  Greenwich.  We  also  see  that  a  high  tem- 
perature was  generally  accompanied  by  a  barometer  below  the 
mean;  the  average  pressure  shown  in  column  fourth  being  29*70. 
Column  fifth  shows  that  on  each  day  there  was  a  considerable 
barometric  depression  in  some  part  of  the  United  States  and  the 
center  of  this  depression  was  always  north  of  lat.  40°,  and  the 
region  of  greatest  heat  was  always  within  the  influence  of  the 
area  of  depressed  barometer.  In  four  instances  the  station 
which  showed  the  gi'eatest  rise  of  temperature  showed  also  the 
greatest  depression  of  the  barometer. 

In  order  to  exhibit  more  clearly  the  form  and  position  of 
these  heated  areas  I  have  prepared  Chart  I,  which  shows  the 
thermic  isabnormals  for  June  18ih,  at  4*»  86™,  P.  M.,  the  curves 
being  drawn  at  intervals  of  5°. 

From  this  chart  we  perceive  that  near  the  Gulf  of  Mexico, 
and  also  near  the  northeast  and  northwest  angles  of  the  United 
States,  the  temperature  was  below  the  mean  for  the  month  of 
June,  but  in  every  other  portion  of  the  United  States  the  tem- 
perature was  above  the  mean  for  the  month.  In  order  to  de- 
termine how  much  the  mean  temperature  at  the  hour  of  obser- 
vation exceeds  the  mean  temperature  of  the  month,  I  have 
compared  the  observations  of  maxima  and  minima  tempera- 
tures at  all  the  Signal  Service  stations  as  far  as  they  have  been 
published  in  the  annual  Reporta  I  have  taken  the  mean  of 
the  maxima  of  temperature  for  the  month  of  June  at  each 
station,  and  also  the  mean  of  the  minima.  The  diflFerence  be- 
tween these  two  months  I  call  the  mean  diurnal  oscillation  of 
the  thermometer.  I  have  made  this  comparison  for  eiich  of  the 
years  1878,  4,  and  6.  The  following  table  shows  all  the  Signal 
Service  stations  at  which  the  mean  diurnal  oscillation  exceeds 
22^,  and  also  all  those  stations  at  which  the  oscillation  is  less 
than  15^.  Column  second  shows  the  mean  diurnal  oscillation 
for  the  month  of  June  at  the  stations  named  in  column  first; 
column  third  shows  the  number  of  years  of  observation ;  col- 
umn fourth  shows  the  height  of  the  station  above  the  sea ; 
column  fifth  shows  the  annual  rain-fall  at  each  station ;  and 
column  sixth  shows  the  rain-fall  in  1878,  from  June  12th-26th 
inclusive. 

Since  we  have  a  series  of  hourly  observations  of  the  ther- 
mometer at  Philadelphia  and  Toronto  we  c-an  compute  the  cor- 
rection to  be  applied  on  account  of  the  hour  of  ooservation  at 
each  of  the  preceding  stations,  if  we  assume  that  the  correction 
at  different  stations  is  proportioned  to  the  entire  daily  oscilla- 
tion.    We  thus  find  that  at  the  hour  of  4*85  P.  M.,  Washington 
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Colorado  Springs  . . . 

Denver 

Cheyenne 

Santa  Pe 

Dodge  City 

Fbrt  Sully 

Virginia  City 

Salt  Lake  City 

Port  Garry 

Ottawa 

North  Platte 

Corsicana 

Pittsburgh 
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Shfeveport 

Pembina 

Island  of  St  Paul 

Cape  Hatteras 

Cape  Rozier 

Key  West 

Cape  May 

Mt  Washington,  ... 

New  Orleans 

San  Diego 

Wood's  Hole 

Oalveeton 

Charleston 

San  Francisco 

Indianola 

Atlantic  City 

Punta  Rassa 

Buffiilo 

Kitty  Hawk 


OtcUlfttlon 


33^-7 

32-2 

31-6 

30-7 

28-2 

26-7 

26-7 

26-4 

25-3 

24-7 

24*6 

24-3 

2a-6 

23-6 
23-3 
233 
22-9 
22-8 
70 
8-8 
9-7 
10-6 
11-0 
11-4 
11-9 
12-0 
12-1 
12-9 
13-0 
13-4 
13-6 
138 
13-8 
14-8 
14*9 


Tears. 


Bleyatioii. 
ft. 


5936 

5135 

6058 

6862 

2482 

1687 

5510 

4350 

664 

250 

2846 

447 

956 

714 

1677 

2294 

228 

790 

7 
39 
17 
14 
6285 
56 
62 
26 
40 
61 
60 
26 
23 
17 
662 
22 


ADDoal 
rain-Adl. 


13-69 
13-99 

8-60 
13-36 

6*49 
12-16 
16-43 
17-93 
14*48 
29-33 
13-64 
25-42 
37-53 
28-26 
21-09 
4415 
49-60 
12*99 
55-85 
64-38 
33-81 
37-60 
46-87 
66-47 
61-46 

9-16 
39-36 
46-66 
44-18 
20-20 
41-98 
36-16 
53-42 
34-36 
45-02 


BalD-fiOl 
15  days. 


0-02 
0-22 
0-02 

0-34 
0-28 
005 
1-09 


0-80 


3-89 
1-37 


time,  the  temperature  exceeds  the  mean  of  the  month  by  the 
foUowii^  quantities : 

Correction  for  hour  of  observation. 


Btatloiif. 

Correc. 

BUUons. 

Correc. 

Statlont. 

Correc. 

Denver 

Cheyenne  

PortSuUy 

Port  Benton... 

13*' 
13 
10 
10 

Virginia  City  .. 
Breckenridge  .. 

Alpena 

Milwaukee  .... 

10^ 
9 

8 
8 

Saugeen 

Escanaba 

Marquette 

7 
7 

Applying  these  corrections  to  the  numbers  given  on  page  4 
we  find  that  on  June  15th  the  thermometer  at  Fort  Benton  rose 
20"^  above  the  mean  temperature  of  that  station  at  the  hour  of 
observation ;  on  the  18th  at  Alpena  it  also  rose  20"^,  and  on  the 
25th  at  Fort  Sully  it  rose  21°  above  the  mean  temperature  at 
the  hour  of  observation.    We  are  then  required  to  explain  how 
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the  thermometer  should  rise  20**  above  the  mean  temperature 
of  the  hour  and  placa 

The  accompanying  Chart,  Plate  II,  shows  the  isobaric  curves 
for  the  same  date  as  the  temperature  curves  of  Plate  I.  We 
perceive  that  throughout  the  entire  United  States,  with  the 
exception  of  the  Pacific  coast  and  the  vicinity  of  the  Gulf  of 
Mexico,  the  pressure  of  the  atmosphere  was  less  than  80  inches ; 
and  in  Minnesota  the  pressure  was  29*80.  This  barometric 
minimum  would  lead  us  to  look  for  southerly  winds  through- 
out the  valley  of  the  Mississippi.  The  actual  direction  of  the 
-winds  observed  is  shown  by  arrows  on  Chart  I.  The  following 
table  shows  the  number  of  stations  at  which  the  wind  blew 
from  each  of  the  eight  principal  points  of  the  compass. 

Direction  of  the  toindsy  June  ISthy  4^  46"  p.  m. 


wmd. 

No.  of 
Btatlont. 

Wind. 

No.  of 
sutioni. 

North 
Northeast 

East 
Southeast 

3 
2 

4 
1 

South 
Southwest 

West 
Northwest 

20 
27 

7 
7 

We  see  that  at  54  stations  the  wind  blew  from  some  southern 
quarter,  and  at  only  12  stations  did  it  blow  from  a  northern 
quarter.     The  following  are  the  stations  in  question : 

North  wind  at  Cleveland,  Mobile  and  Santa  Fa 

Northeast  wind  at  Duluth  and  Yankton. 

Northwest  wind  at  Eastport,  Fort  Garry,  Fort  Sully,  Mt 
Washington,  Norfolk,  Oswego  and  Pembina. 

At  three  of  these  stations,  viz :  Cleveland,  Duluth  and  Os- 
wego, the  northerly  wind  was  probably  the  result  of  the  cooler 
air  of  the  Lakes  moving  toward  the  warmer  land.  Three  of 
the  stations,  viz:  Fort  Sully,  Fort  Garry  and  Pembina,  were 
situated  on  the  north  side  of  the  area  which  was  most  heated ; 
and  two  other  stations,  viz:  Eastport  and  Mt  W^ashington 
were  on  the  extreme  eastern  border  of  the  heated  area.  At 
Mobile  the  velocity  of  the  wind  was  only  one  mile  per  hour ;  at 
Norfolk  and  Yankton  it  was  four  miles ;  and  at  Santa  Fe  five 
miles  per  hour. 

We  thus  see  that  throughout  the  entire  heated  area  (with  a 
few  trifling  exceptions  which  are  easily  explained)  the  move- 
ment of  tne  atmosphere  was  from  the  south.  This  general 
movement  from  the  south  had  prevailed  for  more  than  24  hours 
with  an  average  velocity  of  about  ten  miles  per  hour,  which 
should  cause  a  rise  in  the  thermometer  of  from  6  to  10  degrees 
in  the  vicinity  of  the  western  Lakes ;  that  is,  this  cause  seemp 
to  be  sufficient  to  account  for  nearly  (if  not  fully)  half  of  the 
rise  actually  observed. 
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A  considerable  part  of  the  remaining  rise  may  probably  be 
ascribed  to  the  accumulated  eflfect  of  the  sun's  radiation  for 
many  successive  days  without  the  interference  of  northerly 
winds.  As  early  as  the  10th  of  June  there  was  a  large  rise  of 
the  thermometer  at  Fort  Benton  and  Virginia  City,  and  this 
was  maintained  pretty  steadily  until  the  17th.  This  heated  air 
drifted  slowlv  to  the  eastward  and  on  the  18th  reached  the 
neighborhood  of  the  Great  Lakes. 

The  great  diurnal  oscillation  of  temperature  observed  at  Den- 
ver and  its  vicinity,  probably  depends  somewhat  upon  the  config- 
uration of  the  surrounding  country,  but  the  most  important  cir- 
cumstance is  the  extreme  dryness  of  the  climate  of  this  r^on. 
In  a  country  where  the  annual  rain-fall  is  small,  and  the  sur- 
face of  the  earth  becomes  very  dry,  the  earth  readily  absorbs 
the  rays  of  sun,  and  there  is  little  evaporation  to  counteract  their 
heating  eflfect  The  thermometer  therefore  during  the  da}'  time 
rises  higher  than  it  would  if  the  earth  were  moist  and  covered 
with  ffreen  grass.  At  night,  on  the  contrary,  the  heat  is  rap- 
idly dissipated,  and  there  is  no  vapor  to  be  condensed,  which 
by  the  latent  heat  liberated  would  counteract  the  effects  of  radia- 
tion. Thus  during  the  night  the  thermometer  sinks  lower  than 
it  would  in  a  moist  atmosphere. 

The  same  phenomenon  is  noticed  in  other  countries  which 
have  a  dry  climate.  At  Madrid  in  Spain  the  mean  diurnal 
oscillation  of  the  thermometer  is  much  greater  than  in  most 
parts  of  Europe.  The  following  table  shows  the  difference  be- 
tween the  mean  of  the  daily  maxima  and  the  daily  minima  at 
Madrid  for  the  months  of  June  and  July  during  a  period  of  eight 
years.  The  fourth  column  shows  the  highest  temperature 
observed  during  each  year,  and  the  fifth  column  shows  the 
rain-fall  of  each  year  expressed  in  English  inches. 

Range  of  thermometer  cU  Madrid^  Spain.    Height^  19^9  feet. 


T^ 

Jvne. 

July. 

Higbett  temp. 

Annual  raln-ftU. 

1866 

26'*-2Fahp. 

29''-3  P. 

lOl'l  F. 

19-82 

1867 

30-8 

31-6 

100-8 

15-04 

1868 

311 

30-2 

102-7 

11-83 

1869 

30-6 

32-2 

1061 

11-04 

1870 

32-0 

32-8 

104-7 

12-81 

1871 

270 

32-6 

108-3 

16-22 

1872 

32-8 

331 

106-3 

15-30 

1873 

27-9 

32-8 

104  6 

15-07 

Mean 

29-7 

31-8 

104-2 

14-64 

The  last  column  in  the  table  on  page  6  shows  that  in  June, 
1873,  an  unusual  drought  prevailed  throughout  Colorado, 
Wyoming  and  Montana.  '  In  consequence  of  this  extreme  dry- 
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ness,  the  heating  eflfect  of  the  sun's  rays  was  greatly  increased, 
and  this  cause  combined  with  the  prevalent  southerly  winds 
will  probably  explain  the  extreme  heat  observed  in  that  region. 
The  neat  experienced  in  the  neighborhood  of  the  Great  Lakes 
may  be  ascribed  partly  to  the  same  causes  operating  in  that 
locality,  and  partl^  to  a  mass  of  heated  air  arifted  eastward 
from  the  dryer  r^ons  of  the  West 

The  remarkable  heat  recorded  at  Fort  Sully  and  mentioned 
on  page  2,  seems  to  indicate  some  peculiarity  of  that  locality. 
In  order  to  discover  the  nature  of  tnis  peculiarity  I  have  col- 
lected all  the  cases  in  which  a  temperature  of  100^  and  up- 
ward is  mentioned  in  the  annual  Beports  of  the  Signal  Service 
for  1878,  4,  and  6.  The  following  table  shows  the  number  of 
such  cases  for  each  year.  For  the  year  1875  the  observations 
include  only  the  first  six  months  of  the  year.  The  mark  (♦) 
shows  that  no  observations  of  self-re^stering  thermometers 
were  received  from  the  stations  indicated. 


Number  of 

cases  of  a  temperature  of  100®  Mihr. 

1873. 

1874. 

1875. 

1873. 

1874. 

1876. 

FbrtGibflon... 

Shreveport 

PortSuny 

Leavenworth  .. 

Nashville 

Omaha 

Cairo 

20 
0 

• 

0 
0 

0 

21 
3 

13 

12 

7 

6 

4 
0 

4 
4 
4 
3 

0 
18 
2 
0 
0 
0 
0 
4 
0 
0 
0 
0 

Louisville 

Denver  

Dodge  City 

Keokuk 

LaCrosse 

Augusta,  Qa.  .. 

Cincinnati 

Indianola 

Jacksonville... 

Mobile 

Washington  ... 
Yankton 

0 
0 

«  - 

1 

0 
0 

• 

0 

1 

» 

3 

0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Conicana 

Memphis 

Montgomenr 

St  Louis 

Dubuque 

These  observations  show  that  the  thermometer  seldom  rises  to 
100°  in  the  vicinity  of  the  Atlantic  Ocean,  the  Gulf  of  Mexico, 
or  the  Great  Lakes.  Cases  of  extreme  heat  are  of  most  fre- 
qnent  occurrence  between  the  Mississippi  River  and  the  Rocky 
Mountains.  They  are  the  eflFect  of  the  dryness  of  the  soil  and 
of  the  atmosphere  in  that  r^ion ;  and  they  serve  to  intensify 
the  dryness  from  which  they  result  If  we  compare  the  high 
temperatures  observed  at  Fort  Sully  with  the  ooservations  at 
neighboring  stations,  we  shall  perceive  that  they  are  altogether 
exceptional.  The  first  column  of  the  following  table  shows  a 
series  of  stations  on  the  Missouri  River;  column  second  shows 
the  latitude  of  the  stations ;  column  third  shows  their  elevation 
(in  feet)  above  the  ocean ;  and  column  fifth  shows  the  number 
of  cases  in  which  the  thermometer,  in  1878,  4,  and  5,  was  ob- 
served to  rise  as  high  as  100^ 
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Temperature  of  1 00°  Fahr. 


Leavenworth  .. 

Omaha 

Yankton 

Port  Sully 

Bismark 


Lattfcnde. 

EleTfttlon. 

Cases. 

3r  ir 

813 

12 

41     16 

1046 

6 

42     46 

1296 

1 

44     39 

1687 

36 

46    48 

1677 

0 

The  first  three  stations,  together  with  the  fifth,  show  a 
steady  decline  in  the  intensity  of  the  heat  as  we  advance  north- 
ward ;  but  Fort  Sully  shows  temperatures  much  greater  than 
occur  at  stations  several  hundrea  miles  southward.  At  this 
station  the  meteorological  instruments  are  located  within  the 
walls  of  the  fort,  and  the  thermometers  are  probably  influenced 
by  heat  reflected  from  dry  sand,  and  stone  walls.  This  seems 
to  be  the  most  probable  explanation  of  the  excessive  heat  re- 
ported at  Fort  Sully. 

Main-areas — their  form^  movements^  distribution^  etc. 
In  order  to  investigate  the  form  of  rain-areas ;  the  laws  which 
govern  their  movements,  and  their  relations  to  the  isobaric 
curves  I  selected  all  those  cases  during  a  period  of  fifteen 
months  (Sept.  1872  to  Nov.  1873)  in  which  at  least  two  inches 
of  rain  fell  at  one  station  in  eight  hours.  These  cases  were 
then  divided  into  two  classes,  one  containing  the  stations  south 
of  latitude  36°,  and  the  other  containing  the  stations  north  of 
latitude  36°.  The  following  table  exhibits  all  the  cases  which 
occurred  at  the  southern  stations.  Column  first  contains  the 
number  of  reference,  column  second  shows  the  day  and  hour  of 
observation  (the  numeral  one  denotes  the  7.36  A.  M.  observa- 
tion;  two  denotes  4.35  P.  M.,  and  three  denotes  11  P.  M.); 
column  third  shows  the  station  at  which  the  greatest  rain-fall 
was  observed;  column  fourth  shows  the  precise  amount  of  the 
rain :  column  fifth  shows  the  height  of  the  barometer  at  the 
same  station  ;  column  sixth  shows  the  direction  and  force  of  the 
wind  at  the  IsiSt preceding  observation;  column  seventh  shows 
the  direction  and  force  of  the  wind  at  the  date  given  in  column 
second ;  column  eighth  shows  whether  the  direction  of  the 
winds  at  the  neighboring  stations  indicated  a  cycloidal  or  inward 
motion ;  column  ninth  shows  whether  there  was  any  local 
depression  of  the  barometer ;  and  column  tenth  shows  whether 
there  was  a  high  or  a  low  barometer  on  the  north  side  of  the 
given  station. 

For  a  large  number  of  these  cases  I  have  drawn  upon  maps  of 
the  United  States,  the  curves  of  equal  rain-fall  for  each  fourth 
of  an  inch.  These  curves  show  that  when  there  is  only  one 
principal  center  of  precipitation,  the  form  of  the  rain-area  is 
nearly  circular,  and  its  diameter  varies  from  350  to  750  miles. 
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JRain-fall  of  two  inches  at  Stations  south  oflat.  86°. 


No. 

Date. 

Station. 

IbUn. 

Bnr. 

wind 

Cycloid*] 

Local 

OnN. 

In. 

nt  prev.  ob. 

Mdnte. 

motion. 

dep'n. 

■Ido. 

1872. 

1 

Sept.  10-2 

Jacksonville. 

2*42 

30-09 

aR3 

N.  2 

probable 

none 

low 

2 

11-2 

Montgomery. 

200 

29-93 

E.4 

aE.  2 

decided 

slight 

low 

3 

26-1 

Shreveport 

2-06 

30-11 

W.6 

N.R  14 

decided 

none 

low 

4 

26-1 

Wilmington. 

2-09 

30-06 

Cahn 

a4 

decided 

none 

high 

5 

30-1 

Charleston. 

2-07 

3001 

aw.  6 

N.E.6 

decided 

none 

low 

6 

Oct      9-2 

New  Orleana. 

219  29-96 

E.8 

E.8 

decided 

slight 

high 

7 

22-2 

Punta  Rassa. 

206  29-92 

£.  23 

S.E.  15 

decided 

slight 

high 

8 

22-3 

Jacksonvflle. 

2-43;29-99  N.E.  12 

E.  13 

decided 

slight 

high 

9 

23-1 

Jacksonyille. 

2-05|29-83iB.  13 

W.l 

very  dec*d 

decided 

high 

10 

29-2 

Shreveport 

2*24  29'95!Ca]m 

aw.  10 

not  dec'd 

slight 

loT 

11 

Not.    6-1 

Galveston. 

3-75 

29-76  E.  2 

aE.  28 

decided 

decided 

low 

12 

6-3 

Montgomery. 

2-73 

29-95  E.  3 

aE.  22 

decided 

slight 

high 

13 

8-1 

New  Orleans. 

315 

29*86  N.E.  16 

N.  18 

decided 

slight 

high 

14 

8-2 

MobUe. 

204 

29-84  N.E.  8 

K12 

decided 

decided 

high 

15 

Dec.  10-1 

Indianola. 

214 

29-86  N.E.  36 

N.  40 

decided 

dight 

high 

16 

18-2 

New  Orleans. 

2-20 

30-08  aw.  6 

N.E.  8 

decided 

none 

high 

17 

1873. 
Jan.     6-1 

Lake  City. 

200 

29-89  S.K  4 

aE.  7 

decided 

slight 

low 

18 

16-1 

New  Orleans. 

201 

29-92  S.  8 

N.W.12'decided 

sUght 

low 

19 

Mar.  29-1 

Lake  City. 

2-00 

29-97  N.B.  8 

N.W.  12  decided 

slight 

low 

20 

April  29-2 

215 

29-99  a  10 

Calm 

slight 

slight 

low 

21 

May     1-2 

Montgomery. 

305  29-87  S.E.  4 

aE.  4 

slight 

slight 

low 

22 

5-3 

New  Orleans. 

2-40|29-8lE.  12 

E.  16 

decided 

decided 

low 

23 

6-1 

MobUe. 

2-34  29-86  N.B.  6 

N.E.  16'decided 

decided 

low 

24 

18-2 

Galveston. 

2-00l29-77  S.E.  16 

N.E.  22;decided 

decided 

low 

26 

19-2 

Mobile. 

2-47!29-99N.W.  1 

N  8 

not  dec'd 

none 

low 

26 

20-2 

New  Orleans. 

208  29-92  N.  3 

aE.  12 

slight 

slight 

low 

27 

June    1-1 

Key  West 

205|30-00 N.E.  2 

aw.  6 

decided 

slight 

high 

28 

8-2 

MobUe. 

2-10 3001  aw.  2 

w.l 

decided 

smaU 

low 

29 

10-3 

Memphis. 

2-68'29-98  S.E.  8 

N.E.  4 

decided 

smftU 

30 

July  21-2 

Mobfle 

2-30J30-07  N.  4 

a  8 

decided 

none 

low 

31 

22-2 

Mobile. 

314  30-18  N.E.  16 

E.  16 

slight 

none 

low 

32 

Aug.    2-2 

Punta  Rassa. 

3-32  3006  N.E.  4 

N.  2 

decided 

none 

low 

33 

6-1 

Charleston. 

205  30-23  N.E.  4 

N.E.  8 

none 

none 

high 

34 

8-3 

Vicksburg. 

200  30*08  Cahn 

Cahn 

not  deo'd 

none 

high 

36 

9-2 

New  Orleans. 

2-03'3002  E.  12 

B.  10 

doubtful 

not  dec'd 

low 

36 

17-3 

Punta  Rassa. 

2-69  30-11  S.W.  13 

E.  5 

not  dec'd 

none 

high 

37 

20-2 

Jacksonville. 

3-72  30-06  aE.  4 

E.  20 

decided 

none 

high 

38 

21-1 

Galveston. 

3-67  29-95  E.  5 

Calm 

decided 

slight 

lo^ 

39 

21-2 

MobUe. 

2-04  29-96 

N.E.  4 

E.8 

decided 

slight 

low 

40 

30-2 

Indianola. 

2-16  30-20 

aE.  20 

N.  6 

not  dec'd 

none 

k>w 

41 

Sept  13-2 

Galveston. 

2-95  29-97 

N.E.  9 

N.E.  14 

not  dec'd 

not  dec'd 

high 

42 

18-1 

Mobile. 

2-35 

29*90 

N.E.  7 

E.  12 

dedded 

smaU 

low 

43 

18-2 

MobUe. 

2-73 

29*90 

E.  12 

B.  12      decided 

smaU 

high 

44 

20-1 

WUmington. 

2-38 

29*82 

N.E.  8 

N.W.  14  decided 

smaU 

low 

46 

26-2 

Indianola. 

2-96 

29-85 

as.  20 

a  14 

doubtful 

not  dec'd 

low 

46 

Oct      3-1 

Jacksonville. 

2-74 

30*04  N.  12 

N.W.  4 

doubtful 

not  dec'd 

high 

47 

Not.    1-1 

Havana. 

2-80 

3011 

N.E.  11 

N.E.  10 

doubtful 

smaU 

high 

48 

2-3 

Galveston. 

3-50 

30*05 

a  16 

a  12 

decided 

small 

high 

49 

6-2 

Mcmtgomery. 

2-97 

30*06 

Calm 

aE.  1 

decided 

smaU 

high 

60 

17-2 

Havana. 

2-88 

29-73 

aw.  6 

N.W.  6  probable 

doubtful 

low 

61 

22-3 

Shreveport 

216 

29-80 

N.  5. 

as.  5     decided 

decided 

low 

62 

29-1 

Havana. 

210 

30-18 

N.W.  6 

N.E.  4  .probable 

doubtful 

high 
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These  excessive  rain-falls  are  not  of  long  continuance,  but 
their  exact  duration  cannot  be  determined  from  the  observations. 
In  two  cases  (viz.,  Nos.  8  and  42)  over  two  inches  of  rain  fell 
in  two  successive  periods  of  eight  hours  at  the  same  station ; 
and  in  a  few  other  cases  these  great  rain-falls  were  followed 
during  the  next  eight  hours  by  a  fall  of  one  inch  or  more, 
either  at  the  same  station,  or  at  a  station  a  little  to  the  eastward. 
The  following  table  shows  all  the  cases  in  which  any  of  these 
heavy  rain-falls  were  followed  by  one  inch  of  rain  at  a  neigh- 
boring station  during  a  succeeding  period  of  eight  hours* 
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In  three  cases  we  find  three  successive  periods  of  heavy  rain- 
fall, and  in  two  cases  we  find  four  such  periods,  indicating  a  dura- 
tion of  heavy  rain  for  thirty -two  hours.  We  conclude  therefore 
that  great  rain-falls  do  not  generally  continue  over  eight  hours, 
and  very  rarely  do  they  continue  for  twenty-four  hours,  either  as 
experienced  at  one  station,  or  in  succession  at  difierent  places. 

These  heavy  rain-falls  appear  to  result  from  the  unstable 
condition  of  the  different  strata  of  the  atmosphere.  When  the 
atmosphere  near  the  earth's  surface  becomes  unusually  heated 
it  tends  to  ascend ,'  and  if  this  atmosphere  contains  a  large 
amount  of  aqueous  vapor,  its  specific  gravity  is  thereby 
diminished  and  it  has  a  much  stronger  tendency  to  ascend.  It 
thus  frequently  happens  that  the  atmosphere  is  in  a  state  of 
unstable  equilibrium,  and  a  slight  cause  is  sufficient  to  deter- 
mine a  strong  upward  movement  of  the  surface  air,  resulting  in 
a  precipitation  of  vapor.  When  air  in  this  unstable  condition 
has  a  movement  along  the  earth's  surface,  a  slight  inequality  of 
the  surface  may  be  sufficient  to  determine  an  upward  move- 
ment at  that  pomt  We  should  therefore  conclude  that  when 
a  current  of  wcum  and  moist  air  flows  in  from  the  ocean  and 
impinges  upon  the  land,  a  strong  upward  movement  accom- 
paniea  by  heavy  precipitation  must  frequently  result  This 
conclusion  is  confirmed  by  a  comparison  of  the  preceding  obser- 
vationa  Among  the  stations  of  the  Signal  Service  south  of 
latitude  86°,  there  are  twelve  stations  situated  on  the  Atlantic 
coast  or  the  Gulf  of  Mexico.  At  these  stations  during  a  period 
of  fifteen  months  the  average  number  of  great  rain-falls  (two 
inches  in  eight  hours)  has  been  8*6.  Among  the  stations  of  the 
signal  service  south  of  latitude  36**,  there  are  also  five  inland 
stations,  whose  average  distance  from  the  coast  is  200  miles, 
and  during  the  same  period  the  average  number  of  great  rain- 
falls at  these  stations  nas  been  i-8 ;  that  is,  near  the  coast  great 
rain-falls  occur  ttvice  as  frequently  as  they  do  at  stations  in  the 
interior  at  a  distance  of  200  miles  from  the  coast. 

Whenever  a  strong  upward  movement  of  the  air  commences, 
there  must  be  a  general  tendency  of  the  surrounding  air  toward 
this  point,  and  the  air  must  circulate  from  right  to  left  as  it 
does  in  great  storms.  Hence  every  great  rain-storm  should  be 
accompanied  by  an  inward  and  cycloidal  motion  of  the  air.  In 
about  two-thirds  of  the  preceding  cases  there  is  decided  evidence 
of  the  existence  of  such  a  cycloidal  movement,  and  in  most  of 
the  remaining  cases  there  are  some  indications  of  such  a  move- 
ment If  observations  could  be  obtained  from  a  sufficient 
number  of  stations,  it  is  believed  that  some  degree  of  cycloidal 
motion  would  be  indicated  in  every  case  of  heavy  rain-fall. 

The  depression  of  the  barometer  attending  these  rainfalls 
was  generally  small,  nevertheless  in  several  cases  it  was  quite 
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appreciable.  At  the  time  of  the  observations  shown  in  the 
table  on  page  11,  the  average  height  of  the  barometer  was  less 
than  thirty  inches,  while  tbe  mean  height  throughout  the  year 
at  the  same  stations  was  nearly  3010  inches.  That  a  cycloidal 
movement  of  the  air  should  produce  so  little  depression  of  the 
barometer  is  due  to  three  circumstances  ;  first,  the  small  velocity 
of  the  wind  (averaging  less  than  nine  miles  per  hour)  ;  second, 
the  small  area  of  the  cycloidal  movement  (generally  about  500 
miles  in  diameter),  and  third,  the  proximity  of  the  stations  to 
the  equator.  According  to  Ferrel  s  formula  any  great  barome- 
tric depression  requires  a  strong  wind ;  the  cycloidal  movement 
must  extend  over  a  large  area;  and  the  depression  of  the 
barometer  is  proportioned  to  the  sine  of  the  latitude  of  the 
place.  In  about  half  of  the  preceding  cases  there  was  ati  area 
of  low  barometer  prevailing  in  the  northern  portion  of  the 
United  States,  and  about  as  frequently,  there  was  an  area  of 
high  barometer  on  the  northern  side  of  the  station.  These 
different  conditions  appear  to  be  about  equally  favorable  to 
heavy  rain -falls. 

The  distribution  of  these  fifty-two  cases  by  seasons  was  as 
follows : 

Spring,  8;  Summer,  14;  Autumn,  14  and  12;  Winter,  4. 

We  thus  see  that  great  rain-falls  are  most  frequent  when  the 
heating  effect  of  the  sun^s  rays  is  greatest  and  the  atmosphere 
contains  the  greatest  amount  of  vapor. 

The  distribution  of  these  cases  according  to  the  hours  of  the 
day  was  as  follows : 

At  the  7.35  A.  M.  obs.  19  cases. 
4.36  P.  M.  25     « 

1 1.00  P.  M.  8     " 

The  intervals  between  the  observations,  which  for  convenience 
I  have  called  eight  hours,  are  in  fact  unequal.  Making,  how- 
ever, due  allowance  for  inequality  of  intervals,  it  seems  clear 
that  in  the  United  States,  south  of  latitude  36°,  heavy  rain-falls 
are  less  frequent  from  4.35  P.  M.  to  11  P.  M.,  than  during  the 
remainder  of  the  day.  If  we  knew  the  precise  time  of  beginning 
and  end  of  each  rainfall  we  might  determine  the  precise  hour 
of  maximum  and  of  minimum  frequency  of  heavy  rain-falls. 

On  Plate  III  are  shown  the  curves  of  equal  rain-fall  for 
June  10,  1873,  being  No.  29  of  the  table  on  page  11.  The 
outer  curve  shows  the  extreme  limits  of  the  rain-area ;  the  next 
curve  shows  the  limits  of  a  rain-fall  of  one  inch  ;  and  the  inner 
curve  shows  the  limits  of  a  rain-fall  of  two  inches.  The  arrows 
show  the  direction  of  the  wind  as  reported  at  4.35  P.  M.,  which 
is  presumed  to  have  been  about  the  time  of  the  commencement 
of  the  rain-fall.     There  was  a  center  of  low  pressure  (29*71) 
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near  Lake  Ontario,  and  a  center  of  high  pressure  (8016)  near 
Charleston,  S.  C.  As  the  result  of  this  unequal  pressure, 
southerly  winds  generally  prevailed  throughout  the  Southern 
States.  A  northwest  current  had  however  set  in  from  the 
neighborhood  of  Mirinesota,  and  this  wind  had  reached  St 
Louis  and  Fort  Gibson.  The  temperature  at  St  Louis  was  71^ 
while  at  Memphis  it  was  87°.  This  cooler  wind  from  the  north- 
west probably  flowed  under  the  southeast  wind  from  Memphis, 
causing  it  suddenly  to  ascend,  and  thus  produced  a  rapid  pre- 
cipitation of  vapor. 

Rain-fall  of  two  inches  at  stations  north  of  lot,  36°. 

The  following  table  contains  all  the  cases  in  which  at  least 
two  inches  of  rain  fell  in  eight  hours  at  any  of  the  northern 
stations  from  Sept,  1872,  to  Nov.,  i878.  Column  1st  contains 
the  number  of  reference;  column  2(1  shows  the  day  and  hour 
of  observation;   column   8d  shows  the  station  at  which  the 


RainfaU  of  ttoo 

>  inches  at  stations  north 

oflat. 

86°. 

Ko. 

Dftte. 

Button. 

Bsin. 
In. 

Iter. 

win 
ftt  preT.  Ob. 

d              Balncentei 
atdftte.    Direction. 

from  Low. 
DitUnce. 

K 

1872. 

1 

Sept  23-2 

Grand  Haven. 

2-89 

29-77 

S.K6 

S-E.  7 

East 

660 

29-35 

2 

26-2 

Mt  Washington. 

2-27 

3014 

S.W.  43 

aw.  32  a  80  B. 

733 

29*59 

3 

28-3 

Chicago. 

202  29*35 

N.E.  22 

N.E.  11 

« 

00 

29-35 

4 

Oct    25-1 

Norfolk. 

3-41 

29-95 

E.  13 

aE.  8 

* 

00 

29-95 

5 

26-1 

Philadelphia. 

209 

29-78 

E.  20 

aw.  12  a  54  B. 

137 

29-74 

6 

Nov.    7-1 

New  York. 

2-50 

29-68 

S.B.  4 

N.W.  10  a  65  B. 

777 

29-33 

7 

Dea  26-1 

Norfolk. 

2-08 

29-46 

N.E.  21 

N.  20 

« 

00 

29*46 

8 

1873. 
Jan.     5-2 

Philadelphia. 

2-18 

29-61 

N.K20 

N.E.  8 

a  68  E. 

218 

29-45 

9 

Maj     1-1 

Nanhville. 

2-20 

29-73 

S.E.  4 

E.  25      a  64  E. 

420 

29-58 

10 

9-2 

New  London. 

2-35 

30-06 

N.E.  4 

N.E.  26  N.  83  E. 

696 

29-62 

11 

22-1 

Ljmchburg. 

210 

30-00 

N.E.  4 

Oahn      la  80  E. 

886 

29-45 

12 

June    9-3 

St  Louis. 

2-93 

29-87 

S.  8 

a5 

a  21  w. 

420 

29-70 

13 

22-3 

8t  Paul 

2-28 

29-55  S.E.  13 

aE.  18 

N.  70  E. 

185 

29-43 

14 

23-1 

St  Paul 

2-30 

29-57  S.E.  18 

aw.  2 

a  70  E. 

88 

29-52 

15 

July     2-1 

Indianapolis. 

2*04 

29-94  S.E.  12 

aw.  3 

a5E. 

218 

29-77 

16 

16-1 

Marquette. 

210 

29-94  Calm 

a  8 

N.  88  E. 

549 

29-47 

17 

16-2 

Port  Garry. 

2-45 

29-49|E.  10 

a  5 

« 

00 

29-49 

18 

17-3 

Buffalo. 

200 

29-64  S.W.  14 

aw  7 

• 

00 

29-64 

19 

26-1 

BufEalo. 

2-20 

29-83 

aB.  4 

Cahn 

N.  56  E. 

160 

29*81 

20 

27-2 

Washington. 

212 

3011 

S.  10 

W.  8 

a  63  E. 

1175 

29-72 

21 

27-3 

Philadelphia. 

203 

so-ielN.w.  8 

a8 

a64E. 

1140 

29-85 

22 

Aug.  13-1 

Philadelphia. 

2-31 

30-04  E.  16 

N.E.  12 

N.  70  E. 

360 

29-92 

23 

13-2 

Philadelphia. 

217 

29-97  N.E.  12 

N.B.  22 

N.  40E. 

350 

29*85 

24 

13-3 

Baltimore. 

3-26 

29-86  N.E.  12 

N.E.  12 

North 

40 

29-86 

25 

14-1 

Breckenridge. 

2-05 

29-86  S.  16 

aE.  16 

y.  53  B. 

187 

29-71 

26 

25-2 

Erie. 

200 

29-82  S.E.  1 

W.  4 

North 

312 

29-70 

27 

Sept  10-1 

Norfolk. 

205 

30-16  CaUn 

K.  4 

N.  22  B. 

668 

29-97 

28 

U« 

Mt  Washington. 

2-20 

29-86,aW.  24 

W.  12 

North 

202 

29-69 

29 

Oct      7-1 

Portland,  Me. 

202 

29-40 

N.  12 

N.  20 

« 

00 

29*40 

30 

19-3 

New  London. 

2-25 

29-80 

aE.  2 

aE.  24 

N.  34E. 

329 

29-52 

31 

Nov.  24-2 

New  London. 

2-80 

29-30 

as.  14 

N.  1 

a  61  W. 

90 

29-27 
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greatest  rain-fall  was  observed ;  column  4th  shows  the  precise 
amount  of  the  rain-fall ;  column  6th  shows  the  height  of  the 
barometer  at  the  same  station ;  column  6th  shows  the  direction 
and  force  of  the  wind  at  the  last  preceding  observation ;  column 
7th  shows  the  direction  and  force  of  the  wind  at  the  date  given 
in  column  2d ;  column  8th  shows  the  direction  of  the  rain 
center  from  the  nearest  center  of  low  pressure;  column  9th 
shows  the  distance  of  the  min  center  from  the  center  of  low 

Eressure,  expressed  in  miles;  and  column  iOth  shows  the 
eight  of  the  barometer  at  the  center  of  low  pressure. 
In  all  of  these  cases  there  was  an  area  of  low  pressure  within 
the  limits  of  the  United  States,  and  generally  the  place  of 
greatest  rain-fall  was  within  the  cycloidal  movement  attending 
this  low  pressure.  The  distance  of  the  rain  center  from  the 
center  of  low  pressure  was  however  very  variable. 

In  16  cases  the  distance  was  less  than  250  miles. 

6       "  "  between  250  and  500  miles. 

5       "  "  between  500  and  750  miles. 

4      "  '*  over  750  miles. 

In  the  two  cases  of  July  27th,  the  low  pressure  was  so  incon- 
siderable and  remote  as  to  exert  very  little  influence  upon  the 
winds  at  Philadelphia  and  Washington. 

We  thus  see  that  north  of  lat  36**  great  rain-falls  generally 
occur  within  250  miles  of  a  center  of  low  pressure,  and  almost 
invariably  on  the  east  side  of  the  low  center.  In  two  of  the 
preceding  cases  (Nos.  VA  and  31)  the  rain  center  is  stated  to  be 
west  of  the  low  center.  But  it  should  be  remembered  that  the 
rain-fall  occurred  during  the  eight  hours  preceding  the  date 
of  the  barometric  observation.  The  middle  of  the  rain-fall  may 
be  regarded  as  corresponding  to  a  date  four  hours  preceding 
the  barometric  observation,  and  durinff  these  four  hours,  the 
low  center  generally  advances  eastward  100  miles.  We  may 
therefore  conclude  that  in  No.  31  the  principal  rain-fall  occurrea 
when  the  rain  center  was  east  of  the  low  center.  In  No.  12  the 
principal  rain-fall  occurred  on  the  southwest  side  of  the  low  cen- 
ter, but  the  barometric  gradient  was  only  one-tenth  of  an  inch 
to  850  miles.  The  rain  center  occurs  as  irequently  in  the  N.E. 
quarter  from  the  low  center  as  it  does  in  the  S.E.  quarter. 

The  four  cases  in  which  the  rain  center  was  more  than  750 
miles  distant  from  the  nearest  center  of  low  pressure  were  Nos. 
6,  11,  20  and  21.  In  No.  6  a  distinct  local  cyclone  formed 
near  New  York,  accompanied  by  a  slight  local  depression  of 
the  barometer,  which  had  the  effect  of  urging  the  low  center 
eastward  with  extraordinary  velocity.  From  7.35  A.M.  to  4.36 
P.M.,  that  is,  in  nine  hours,  the  low  center  advanced  eastward 
900  miles,  although  the  greatest  velocity  of  the  wind,  recorded 
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anywhere  near  the  path  of  the  storm,  was  thirty-eight  miles  per 
hoar  (oo  Mt  Washington),  indicating  that  the  progress  of  the 
low  center  was  not  due  wholly  to  the  transfer  of  air  Irom  west  to 
east,  but  rather  to  a  diminvOon  of  the  pressure  on  the  east  side 
of  the  low,  and  an  increase  of  the  pressure  on  its  western  side. 

In  No.  11  Lynchbui'g  was  somewhat  nearer  to  a  center  of 
high  pressure  tnan  of  low  pressure.  There  are  indications  that 
a  small  local  cyclone  formed  about  Lynchburg,  but  the  stations 
of  observation  are  too  few  to  show  this  conclusively. 

In  Nos.  20  and  21  the  rain  center  was  much  nearer  to  a  center 
of  high  pressure  than  of  low  pressure  At  486  P.  M.  a  distinct 
local  cyclone  was  shown  aVJout  Baltimore,  Washington,  and 
Cape  May,  but  the  cyclonic  area  was  of  small  diameter  and  its 
effect  upon  the  barometer  was  scarcely  appreciable. 

We  thus  see  that  great  rainfalls  may  occur  under  the  influ- 
ence of  an  area  of  high  pressure  as  well  as  of  low  pressure,  and 
when  they  occur  at  a  great  distance  fix>m  a  low  center,  they  are 
generally  accompanied  by  a  distinct  local  cyclonic  movement 
of  the  atmosphere. 

Or  the  thirty -one  cases  included  in  the  preceding  table,  fifteen 
occurred  on  the  Atlantic  coast,  and  the  number  of  stations  of 
observation  upon  the  coast  was  eleven  ;  which  shows  an  average 
of  187  to  each  station.  For  the  remainder  of  the  United  States 
there  were  sixteen  cases,  and  the  number  of  stations  was  fifty- 
nine,  showing  an  average  of  0*27  to  each  station.  Thus  we  see 
that  north  of  laL  36°  near  the  Atlantit;  coast,  great  rain-falls  are 
five  times  as  frequent  as  in  other  parts  of  the  United  States  in 
the  sjime  latitude.  The  frequency  of  heavy  rain-falls  in  the 
neijrhborhood  of  the  great  lakes  is  not  sensibly  greater  than  at 
inland  stations  guite  distant  from  the  lakes. 

The  distribution  of  these  81  cases  by  seasons  was  as  follows : 

Spring  3 ;  summer  15 ;  autumn  6  and  5 ;  winter  2. 

Showing  a  predominance  of  great  rain-falls  in  summer  even 
more  decided  than  at  the  southern  stations. 

The  distribution  of  these  cases  according  to  the  hours  of  the 
day  was  as  follows :  7'85  A.  M.,  14  cases;  4:'85  P.  M.,  9  cases;  11 
p.  M.,  8  cases. 

If  we  correct  these  numbers  for  the  inequality  of  the  time 
intervals,  there  is  still  an  excjess  of  cases  for  the  morning  hour 
of  observation. 

The  following  table  shows  all  the  cases  in  which  any  of  these 
heavy  rain-falls  were  followed  by  at  least  or»e  inch  of  rain 
during  a  succeeding  period  of  eight  hours. 

At  the  southern  stations,  out  of  fifty-two  cases  of  heavy  rain 
there  were  twelve  cases  in  which  heavy  rain  continued  through 
two  periods  of  eight  hours;  at  the  northern  stations  out  of 
Aic  JocTK.  ScT.— Third  Skribs,  Vol.  XIII.  No.  78.—Jaii.,  isrr. 
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thirty-one  cases  there  were  thirteen  which  continued  through 
two  periods,  indicating  that  heavy  rains  are  of  longer  duration  at 
the  northern  stations  than  they  are  at  the  southern.  In  two  in- 
stances the  center  of  the  rain  area  apparently  moved  westward. 
Thus  on  the  morning  of  July  16td,  the  center  of  the  rain  area  was 
at  Marquette,  which  was  more  than  500  miles  eastward  of  the 
center  of  low  pressure ;  but  in  the  afternoon  the  center  of  the 
rain  area  coincided  with  the  center  of  low  pressure ;  that  is,  the 
center  of  the  rain  area  moved  toward  the  northwest  So  also 
on  the  morning  of  May  1st,  the  center  of  the  rain  area  was 
more  than  400  miles  eastward  of  the  center  of  low  pressure ;  in 
the  afternoon  the  center  of  the  rain  area  extended  southward; 
and  during  the  evening  it  extended  toward  the  southwest 

Cases  of  heavy  rain  continuing  more  than  eight  hours. 


Dftte. 

Bain. 
In. 

Ststlon. 

Date. 

Bain. 
In. 

Station. 

Date. 

^- 

1 
BteUon. 

1872. 

Sept  26-2  2-27 

MtWashingrton. 

26-3 

1-20 

Mt.  Washington. 

28-3  202 

Chicago. 
Norfolk. 

29-1 

1-31 

Grand  Haven. 

Oct    26-13-41 

26-2 

1-46 

New  York. 

Nov.    7-1  2-60 

New  York. 

7-2 

1-49 

New  London. 

1873. 

May     1-1 

2-20 

Nashville. 

1-2 

306 

Montgomery. 

1-3 

1-80 

New  Orleans. 

June    9-3  2-93 

St  Louis. 

lO-l 

107 

St  Louis. 

10-2 

1-60 

Indianapolis. 

22-3;2-28 

St  Paul. 

23-1 

2-30 

St  PauL 

July  16-12-10 

Marquette. 

16-2 

2-46 

Port  Garry. 

17-3  2-00 

Buffalo. 

18-1 

106 

Mt  Washington. 

27-2  212 

Washington. 

27-3 

203 

Philadelphia. 

A.ug.  13-1  2-31 

Philadelphia. 

13-2 

217 

PhUadelphia. 

13-3 

3-26 

Baltimore. 

Oct      7-1 202 

Portland,  Me. 

7-2 

1-60 

Eastport. 

19-3 

2-25 

New  London. 

20-1 

1-96 

Burlington. 

20-2 

1-38 

Mt  Washington. 

The  average  direction  and  force  of  the  wind  during  these  cases 
of  heavy  rain-fall  both  for  the  southern  and  northern  stations 
was  as  follows : 


South  of  latitude  36" 


Direction. 

Force. 

At  previous  obs. 

N.  79«  E. 

81 

at  date, 

N.  76**  E. 

9-9 

At  previous  obs. 

S.  69*E. 

11-8 

at  date, 

S.  39**  E. 

11-3 

North  of  latitude  36* 


We  thus  see  that  both  at  the  northern  and  southern  stations 
heavy  rains  are  generally  accompanied  by  easterly  winds.  At 
the  northern  stations  southeast  winds  are  most  prevalent,  while 
at  the  southern  stations  northeast  winds  are  most  prevalent 
At  the  southern  stations  there  are  but  eleven  cases  in  which 
east  winds  are  not  reported  either  at  date  or  at  the  preceding 
observation.  These  exceptions  are  Nos.  4,  10,  18,  20,  25,  28, 
80,  84,  46,  48  and  50.  In  four  of  these  cases  the  force  of  the 
wind   was  reported   0;  in   two  of  them   it  was  reported   ns 
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one  mile  per  hoar ;  in  two  cases  it  was  four  miles  per  hour ;  in 
ooe  case  it  was  five  miles;  in  one  case  eight  miles  and  in  one 
case  twelve  miles  per  hour.  We  thus  see  that  during  a  heavy 
rain-fall,  the  wind  either  blows  from  some  eastern  quarter,  or 
its  velocity  is  almost  invariably  small. 

At  the  northern  stations  there  are  but  eight  cases  in  which 
east  winds  are  not  reported  either  at  date  or  at  the  preceding 
observation.  These  exceptions  are  Nos.  2,  12,  16,  18,  20,  21, 
28  and  29.  Two  of  these  cases  occurred  on  the  summit  of  Mt 
Washington  ;  in  one  of  the  remaining  cases  the  velocity  of  the 
wind  was  0;  in  one  it  was  five  miles  per  hour;  in  one  it 
was  seven  miles;  in  two  it  was  eight  miles;  and  in  one  it  was 
twelve  miles  per  hour.  We  thus  see  that  at  the  northern  sta- 
tions as  well  as  at  the  southern,  during  a  heavy  rain-fall  the 
wind  blows  from  some  eastern  quarter,  or  its  velocity  is  almost 
invariably  small. 

On  Plate  III  are  shown  the  curves  of  equal  rain-fall  for 
Sept.  28,  1872,  being  No.  I  of  the  table  on  page  15.  The  outer 
curve  shows  the  extreme  limits  of  the  rain  area  and  the  other 
cnrves  show  the  limits  of  a  rain  fall  of  one  inch  and  of  two 
inches.  The  arrows  show  the  direction  of  the  wind  at  7  A.  M., 
which  was  previous  to  the  middle  of  the  rain  fall.  There  was 
a  center  of  low  pressure  (29*35)  near  Omaha,  which  was  about 
west  of  the  center  of  the  rain  area  and  distant  from  it  660  miles. 
Near  the  Atlantic  coast  there  was  a  belt  of  high  pressure 
(30'26).  The  result  of  this  unequal  pressure  was  a  general 
prevalence  of  southeast  winds  throughout  a  large  part  of  the 
Mississippi  valley.  Northerly  winds  commenced  blowing  from 
the  neighborhood  of  Lakes  Superior  and  Huron,  being  the 
result  of  a  lower  temperature  and  a  higher  pressura  This 
colder  wind  from  the  north  probably  flowed  under  the  south- 
east wind  which  had  been  blowing  over  Lake  Michi^n  and 
produced  that  strong  upward  movement  of  the  air  which  was 
followed  by  excessive  rain  at  Grand  Haven  and  Milwaukee. 

In  a  large  number  of  the  cases  in  the  table  on  page  15  the 
observations  show  that  a  southeast  wind  at  certain  stations  was 
opposed  by  a  westerly  or  northerly  wind  at  other  stations. 
This  opposition  or  interference  of  winds  generally  results  in  a 
cjcloiaal  movement,  and  the  observations  clearly  indicate  such 
a  movement  in  nearly  all  of  the  cases  in  the  table  on  page  15. 
When  the  rain  area  was  remote  from  the  center  of  low  pressure 
this  cycloidal  movement  was  local  and  limited  to  a  small  area 
and  did  not  generally  exert  a  decided  influence  upon  the 
isobaric  curvea 

In  preparing  the  materials  for  this  article  I  have  been  assisted 
by  Mr.  Edwam  S.  Oowles,  Ph.D.,  a  graduate  of  Yale  College 
of  the  class  of  1873. 
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Art.  IL — On  Some  Points  in   Connection  with  Vegetation:  by 
Dr.  J.  H.  Gilbert.* 

The  subject  of  vegetation  is  such  a  very  wide  one,  and  naight 
be  treated  of  in  so  nnanv  diflferent  ways,  that  it  seems  desirable 
to  state  at  the  outset  what  is  the  scope,  and  what  are  the  limits, 
of  the  discussion  which  I  propose  to  bring  before  you.  I  pro- 
pose, then,  to  confine  attention  almost  exclusively  to  the  ques- 
tion of  the  kSovrces  of  th^  nitrogen  of  vegetation  in  general^  and  of 
agricultural  production  in  particular,  I  propose  further  to  treat 
of  this  subject  mainly  in  the  aspects  in  which  it  has  forced 
itself  upon  the  attention  of  Mr.  Lawes  and  myself  during  the 
now  thirty-three  yeai*s  of  our  agricultural  investigations;  and, 
also,  in  so  far  as  it  illustrates,  and  is  illustrated  by,  the  objects 
contributed  by  Mr.  Lawes  to  the  Exhibition  around  us 

Before  entering  upon  the  special  subject  matter  of  my  dis- 
course, I  must  claim  the  indulgence  of  those  present,  who  are 
already  well  acquainted  with  the  main  facts  of  the  chemistry  of 
vegetation,  while  I  call  attention,  very  briefly,  to  some  rather 
elementary  matters,  with  a  view  of  rendering  what  has  to  follow 
the  more  mtelligible  to  any  who  may  be  less  fully  informed  on 
the  subject 

When  a  vegetable  substance  is  burnt — as  a  familiar  instance, 
let  us  say  tobacjco,  for  example — the  greater  part  of  it  is  dissi- 
pated, but  there  remains  a  white  ash.  The  ashes  of  crude  or 
unripe  vegetable  substances  are  found  on  analysis  to  contain 
most,  or  all,  of  the  following  constituents,  namely  : — 

Oxide  of  iron,  oxide  of  manganese,  lime,  magnesia,  potass, 
soda,  phosphoric  acid,  sulphuric  acid,  chlorine,  and  silica. 

Barer  substances  than  tnese  are  also  sometimes  found.  Now, 
much  has  of  late  years  been  established  in  regard  to  the  occur- 
rence, and  the  oflBces,  of  some  of  these  substances  in  plants; 
but  I  do  not  propose  to  touch  upon  the  questions  herein 
involved.  It  will  suffice  further  to  say  in  regard  to  these  in- 
combustible, or  "mineral"  constituents,  that  the  ash  of  one  and 
the  same  description  of  plant,  growing  on  diflferent  soils,  may, 
so  long  as.  it  is  in  the  growing  or  immature  state,  differ  very 
much  in  composition.  Again,  the  ashes  of  diflferent  species, 
growing  on  the  same  soil,  will  diflfer  very  widely  in  the  propor- 
tion of  their  several  constituents.  But  it  is  found  that  the  nearer 
we  approach  to  the  elaboration  of  the  final  products  of  the  plant 
— the  seed,  for  example  —the  more  fixed  is  the  composition  of 
ash  of  such  praducts  of  one  and  the  same  species.     In  other 

*  An  address  delivered  at  South  Kensington,  in  the  Chemical  Section  of  the 
Science  Conferences,  bj  Dr.  J.  H.  Gilbert,  F.R.S.,  F.L.S.,  F.Ca 
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words,  there  is  very  little  variation  in  the  composition  of  the 
ash  of  cue  and  the  same  description  of  seed,  or  other  final  pro- 
duct, provided  it  be  evenly  and  perfectly  matured.  This  fact 
alone,  independently  of  all  that  has  been  established  of  late 
years  in  regard  to  the  office  or  function,  so  to  speak,  of  indi- 
vidual mineral  constituents  of  plants,  would  be  sufficient  to 
indicate  the  essentialness  of  such  constituents  for  healthy 
growth  ;  and  it  is  obvious  that  they  must  be  provided  within 
the  soil. 

But  now  as  to  the  combustible  constituents — the  carbon,  the 
hydrogen,  the  oxygen,  and  the  nitrogen.  Leaving  out  of  con- 
sideration such  exceptional  cases  as  those  brought  to  light  in 
Mr.  Darwin's  beautiful  investigation  on  insectivorous  plants, 
and  also  the  sources  of  the  organic  substance  of  fungi,  and  per- 
haps of  some  forced  horticultural  productions,  it  may  be  stated, 
that  the  source  of  the  carbon  of  vegetation  generally  is  the 
carbonic  acid  existing  in  very  small  proportion,  but  in  large 
actual  amount,  in  the  atmosphere;  that  the  source  of  the 
hydrogen  is  water ;  and  that  the  source  of  the  oxygen  n)ay  be 
either  that  in  carbonic  acid,  or  that  in  water.  With  regard  to 
the  nitrogen  the  case  is,  however,  by  no  means  so  simple  Not 
that  there  are  no  questions  still  o{>en  for  investigation  in  regard 
to  the  assimilation  by  plants  of  their  incombustible  or  mineral 
constituents,  or  of  their  carbon,  their  hydrogen,  and  their  oxy- 
gen ;  but  those  relating  to  the  sources,  and  to  the  assimilation, 
of  their  nitrogon,  are  not  only  in  many  respects  of  more  impor- 
tance, but  seem  to  involve  greater  difficulties  in  their  solution. 

What,  then,  are  the  sources  of  the  nitrogen  of  vegetation  ? 
Are  they  the  same  for  all  descriptions  of  plants  ?  Are  they  to 
be  sought  entirely  in  the  soil?  or  entirely  in  the  atmosphere? 
or  partly  in  the  one,  and  partly  in  the  other  ? 

Amount  of  nitrogen  carried  down  by  atmospheric  precipitation. — 
As  the  combined  nitrogen  coming  down  from  the  atmosphere 
in  rain,  hail,  snow,  mists,  fog,  and  dew,  does  undoubtedly  con- 
tribute to  the  annual  vield  of  \iitrogen  in  our  crops,  let  us  first 
briefly  consider  what  is  known  as  to  the  amount  of  it  annually 
so  coming  down  over  a  given  area  of  the  earth's  surface ;  and 
as  we  are  here  discussing  the  subject  in  England,  I  will  adopt 
the  English  pound  as  the  unit  of  weight,  and  the  English  acre 
as  the  unit  of  area.  The  following  table  shows  the  amount  of 
nitrogen  coming  down  as  ammonia  and  nitric  acid  in  the  total 
rain,  hail,  snow,  and  some  of  the  minor  deposits,  during  the 
y^rs  1853,  1866,  and  1856,  at  Rothamsted  (Herts),  the  nitric 
acid  being  in  all  cases  determined  by  Mr.  Way,  and  the 
ammonia  in  some  cases  by  him,  and  in  others  by  ourselves; — 
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Tablb  I. — Chmbined  Nitrogm  in  Bain  and  Minor  Aqueous  IkpooUa  at  Bothanuied. 


Nitrogen  per  acre,  per  umum,  Ibe. 

IflBS. 

1855. 

1866. 

Mean. 

As  ammonia 

6-61 

6-86 
0-17 

7-86 
0-73 

6-46 
0-76 

As  nitric  acid 

Total 1 

6-63 

8-68 

7-21 

Numerous  determiuations  of  the  ammonia  and  nitric  acid  in 
rain,  and  the  other  aqueous  deposits,  have  been  made  in  various 
parts  of  France  and  German}^  some  in  the  vicinity  of  towns, 
and  some  in  the  open  country.  Of  the  latter,  which  are  the 
most  to  our  purpose,  it  may  be  stated  that  those  of  Boussingault 
at  Liebfrauenberg,  in  Alsace,  generally  indicate  a  larger  propor- 
tion of  the  nitrogen  existing  as  nitric  acid,  and  less  as  ammonia 
than  our  own ;  but,  upon  the  whole,  the  observations  in  the 
two  widely  separated  localities  mutually  confirm  one  another. 
Of  the  results  of  others,  in  other  localities,  some  show  about  the 
same  amount  of  combined  nitrogen  so  deposited  as  our  own, 
some,  however,  much  more,  and  some  mucn  less,  than  ours ; 
but  the  determinations  on  the  Continent  generally  show  a 
higher  proportion  of  the  total  combined  nitrogen  to  exist  as 
titrates  than  those  in  this  country.  It  may  be  added,  that 
numerous  deteiminations  of  the  combined  nitrogen  in  rain,  dew, 
etc.,  collected  at  Rothamsted,  have  much  more  recently  been 
made  by  Professor  Frankland,  and  his  results,  which  are  pub- 
lished in  the  "Sixth  Report  of  the  Rivers  Pollution  Commis- 
sion," are  substantially  confirmatory  of  the  earlier  determina- 
tions, summarized  in  the  foregoing  Table,  but  upon  the  whole 
they  indicate  lower  amounta  Lastly,  M.  Mari^-Davy  deter- 
mined the  ammonia  in  the  rain,  etc.,  collected  at  the  Meteoro- 
logical Observatory  at  Montsouris,  Paris,  during  the  last  six 
months  of  1876 ;  and  the  amount  of  ammonia  so  coming  down, 
even  within  the  walls  of  Paris,  j^epresented  only  6 '25  lbs.  of 
combined  nitrogen  per  acre,  or  only  10*5  lbs.  per  acre,  per 
annum.  M.  Marid-Davy  did  not  make  a  complete  series  of 
determinations  of  the  nitric  acid  in  the  meteoric  watere,  but  his 
initiative  results  agree  with  the  experiments  of  others  in  show- 
ing the  amount  of  combined  nitrogen  to  be  comparatively  small. 

Thus,  the  determinations  hitherto  made  of  the  amount  of 
(Combined  nitrogen  coming  down  in  the  measured  aqueous 
deposits  from  the  atmosphere,  do  not  justify  us  in  assuming 
that  the  quantity  available  from  that  source  will  exceed  eight 
or  ten  lbs.  per  acre,  per  annum,  in  the  open  country,  in  Western 
Europa  It  should  be  observed,  however,  that  the  amount  of 
ammonia  especially  is  very  much  greater  in  a  given  volume 
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of  the  minor  aqueous  deposits  than  it  is  in  rain  ;  and  there  can 
be  little  doubt  that  there  would  be  more  ammonia  deposited 
from  them  within  the  pores  of  a  given  area  of  soil,  than  on  an 
equal  area  of  the  non-porous  even  surface  of  a  rain  gauge. 
How  much,  however,  would  thus  be  available  to  the  vegetation 
of  a  given  area  beyond  that  determined  in  the  collected  and 
measured  aqueous  deposits,  we  have  not  the  means  of  estimat- 
ing with  any  certainty.  On  the  other  hand,  numerous  inde- 
pendent determinations,  by  both  Dr.  Voelcker  and  Dr.  Frank- 
land,  of  the  nitric  acid  in  the  drainage- water  collected  from  land 
at  Rothamsted  which  had  been  many  years  unmanured,  lead  to 
the  conclusion  thnt  there  may  be  a  considerable  annual  loss  of 
nitrogen  by  the  soil  in  that  way. 

Amount  of  nitrogen  deinved  by  crops  of  different  kinds  when  grown 
without  manure. — The  next  point  to  consider  is,  what  is  the 
amount  of  nitrogen  annually  obtained  over  a  given  area,  in 
different  crops,  when  they  are  grown  without  any  supply  of  it 
in  manure.  This  point  may  be  illustrated  by  tne  results 
obtained  in  the  field  experiments  on  Mr.  Lawes^  farm  at 
Eothamsted,  which  have  now  been  in  progre^  for  about  a  third 

Tablb  IL — Yield  of  Nitrogen  per  acre,  per  onniim,  in  WTietU,  Bairley^  and  Root 
Crops,  at  Bothameied, 


Crop.  4c. 


Wheat' 


Condition  of  Manvrlnf ,  4c. 


Unmanured. 


Barley. 


Boot 
Crop6. 


Complex  Mineral  Manure. 


Unmanured. 


Complex  Mineral  Manure. 


I 

1 
■i 
■i 


Complex  1 

Mineral 

Manure. 


Tnmipa  ... 

Barley 

Turnips  ... 
Sugar-beet . 
Total 


Dontlon 

of 

Bzperlment. 


8  yn.  IBU-'bX 
12  yrs.  1852-»63 
12  yrs.  1864-'75 
24  yrs.  1862-*76 
32  yrs.  1844-*16 

12  yrs.  1862.'63 
12  yrs.  1864-*76 
24  yrs.  1862-'76 

12yrs.l862.'63 
12yr8. 1864.'75 
24  yrs.  1852-'76 

12  yrs.  1852-'63 
12  yrs.  1864-^76 
24  yrs.  1862-'76 


8yr8.1845-'62 
3  yrs.  1863-'66 

16  yrs.  1866.»70» 
6yrs.l87l-»76 

31  yrs.  1846-'76 


ATcraire 
Nitrogen 
per  acre, 


Ibf. 
25-2 
22-6 
16-9 
19-3 
20-7 

270 
17-2 
221 

220 
14-6 
18-3 

260 
18*8 
22-4 


42*0 
24*3 
18-6 
13-1 
26-8 


*  Thirteen  years'  crop— two  years  failed. 
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of  a  century.  Table  II  shows  the  yield  of  nitrogen  per  acre, 
per  annum,  in  wheat,  in  barley,  ard  in  root  crops,  eat^h  grown 
for  many  years  in  succession  on  the  same  land,  either  without 
any  manure,  or  with  only  a  complex  mineral  manure,  that  is 
supplying  no  nitroffen. 

bearing  in  mind  what  has  been  said  as  to  the  amount  of 
combined  nitrogen  known  to  be  annually  deposited  from  the 
atmosphere,  the  figures  in  Table  II  have  great  interest  and 
significance.  Thus,  over  a  period  of  thirty-two  years,  the  wheat 
has  yielded  an  average  of  20*7  lbs.  of  nitrogen,  per  acre,  per 
annum,  without  manure.  But  if  we  look  at  the  quantities 
yielded  during  the  first  eight,  the  next  twelve,  and  the  last 
twelve  years  of  that  period,  it  is  seen  that  there  has  been  a 
gradual,  but  at  the  same  time  a  considerable  decline  in  the 
annual  yield.  From  this  it  would  appear  probable  that  the 
nitrogen  of  the  soil  derived  from  previous  accumulations,  is 
being  gradually  reduced.  Whether  or  not  the  whole  of  the 
excess  of  yield  over  that  available  from  the  rain,  and  other 
measured  aqueous  deposits  from  the  atmosphere,  is  due  to  pre- 
vious accumulations  within  the  soil,  and  is  therefore  inducing 
a  gradual  exhaustion  of  its  stock  of  nitrogen  to  that  extent,  we 
have  not  conclusive  evidence  to  show.  Determinations  of  nitro- 
gen in  samples  of  the  soil  taken  at  different  times  during  the 
course  of  the  experiments  do,  indeed,  show  an  appreciable  reduc- 
tion. It  is  probable,  however,  that  a  part  of  the  excess  of  yield 
is  due  to  condensation  of  ammonia  within  the  pores  of  the  soil, 
beyond  that  which  would  be  deposited  in  rain,  and  in  the  dew 
and  other  minor  deposits  condensed  on  the  non-porous  even 
surface  of  a  rain-gauge,  as  already  referred  to. 

Excluding  the  first  eight  years  of  the  growth  of  wheat,  it  is 
seen  that  while  over  the  next  twenty-four  years,  1862-1876, 
the  wheat  yielded  19*8  lbs.  of  nitrogen,  per  acre,  per  annum ; 
the  barley  yielded  an  average  of  18'8  lbs.  over  the  same  period. 
Again,  dunng  the  first  twelve  of  the  twenty -four  years,  the 
wheat  yielded  22*6  lbs.,  and  the  barley  22  lbs.  ;  while,  during 
the  second  twelve  years,  the  yield  in  wheat  was  reduced  to 
15'9,  and  that  in  the  barley  to  14-6  lbs.  The  similarity  in  the 
yield  of  nitrogen  over  the  same  periods  in  these  two  closely 
allied  crops,  growing  in  different  fields,  is  very  striking,  though, 
upon  the  whole,  the  indication  is  that  the  autumn-sown  wheat 
b.us  accumulated  more  than  the  spring-sown  barley. 

It  is  next  to  be  observed  that  the  annual  use  of  a  complex 
mineral  manure  has  but  very  slightly  increased  the  yield  of 
nitrogen  in  either  of  these  gramineous  crops;  and  it  is  probable 
that  the  increased  yield,  such  as  it  is,  is  derived  from  the  previ- 
ous accumulations  within  the  soil,  and  not  from  atmospheric 
sources. 
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To  sum  up  the  evidence  iu  regard  to  the  sources  of  the  nitro- 
gen of  these  two  typical  gramineous  plants,  when  none  of  it  is 
supplied  to  them  by  manure,  though  it  is  not  conclusively 
shown  whence  the  whole  of  it  is  derived,  it  would  at  any  rate 
appear  probable,  that  it  may  be  accounted  for  by  the  combined 
DitiDgen  coming  down  in  rain  and  in  the  other  measured 
aqueous  dejiosits  from  the  atmosphere,  by  the  condensation  of 
the  ammonia  of  the  air  within  the  pores  of  the  soil,  and  by  the 
previous  accumulations  within  the  soil. 

Let  us  now  consider  what  is  the  yield  of  nitrogen  by  plants 
of  other  natural  families,  and  first  of  all  by  certain  so-called 
''  root-crops'* — turnips  of  the  natural  order  Cruciferae,  and  sugar 
beet  of  the  order  Chenopodiaceae.  On  this  point  we  have  the 
experience  of  thirty-one  years,  excepting  that  during  three  of 
those  ye^irs  barley  was  grown  without  any  manure  in  order  to 
equalise  the  condition  of  the  land  as  far  as  possible  before  re- 
arranging the  manuring,  nnd  during  two  other  years  the  turnips 
failed  and  there  was  no  crop. 

It  should  be  premised  that  when  root-crops  are  grown  with- 
out manure  of  any  kind,  there  is  after  a  lew  years  scarcely  any 
produce  at  all ;  and  hence  the  results  recorded  in  the  table  are 
those  obtained  by  the  use  of  mineral  manures,  but  without  any 
supply  of  nitrc^en.  It  is  seen  that  during  the  first  eight  years 
of  turnips,  there  was  an  average  yield  of  42  lbs.  of  nitrogen  per 
at^re,  per  annum.  During  the  next  three  years  barley  yielded 
24*3  lb&  annually.  During  the  next  fifteen  years,  thirteen  with 
Swedish  turnips,  and  two  without  any  crop,  there  was  a  yield 
of  18'5  lbs.  per  acre  annually.  During  the  last  five  years  sugar- 
beet  yielded  13'1  lbs.  per  acre,  per  annum  Lastly,  over  the 
whole  thirty  one  years,  auring  which  there  were  three  crops  of 
barley,  two  vears  without  any  crop,  twenty -one  years  of  turnips, 
and  five  of  sugar-beet,  the  average  annual  yield  was  26*8  lbs. 
of  nitrogen. 

Here,  then,  we  have  a  reduction  to  less  than  one-third  during 
the  later  compared  with  the  earlier  years,  and  to  a  lower  point 
than  even  with  either  wheat  or  barley;  though,  during  the 
whole  period,  the  annual  yield  is  higher  than  with  either  of  the 
two  gramineous  crops.  It  may  be  mentioned  that  we  have 
other  experimental  evidence  showing  that  the  so-called  **  root- 
crops"  exhaust  at  any  rate  the  superficial  layers  of  the  soil  of 
their  available  supplies  of  nitrogen,  more  completely  than  per- 
haps any  other  crop.  It  may  further  be  added  that  the  surface 
soil  has  shown  during  recent  years  a  lower  percentage  of  nitro- 

5 en  than  that  of  any  of  the  other  experimental  fields.  We 
ave  fair  grounds  for  concluding,  therefore,  that  if  in  the  cases 
of  the  wheat  and  the  barley  the  nitrogen  yielded  beyond  that 
retained  by  the  soil  from  the  direct  measurable  aqueous  deposits, 
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together  with  that  condensed  within  the  pores  of  the  soil  from 
the  atmosphere,  be  derived  from  previous  accumulations  within 
the  soil,  so  also  may  the  excess  of  jield  by  the  so-called  **  root- 
crops"  be  accounted  for. 

We  now  come  to  the  consideration  of  the  yield  of  nitrogen 
when  plants  of  the  leguminous  family  are  separately  grown,  or 
when  they,  and  plants  of  some  other  families,  are  grown  in 
alternation,  or  in  association,  with  the  Gramineae.  Table  III 
shows  the  results  obtained. with  beans,  and  with  clover;  with 
clover  and  barley  grown  in  alternation;  and  with  turnips, 
barley,  clover  or  beans,  and  wheat,  grown  in  an  actual  course 
of  rotation. 

Tablb  in. — Tidd  of  If/Urogen  per  acre^  per  annum  in  Beans^  in  Bed  Clover,  and 

in  notation. 


Crop«,*c 


Beans 


Clover 

Barley 
Glover 

Barley 


Rotation 
7  Courses 


Condittom  of  If  annilHg,  Ac 


Unmanured ■< 

Complex  Mineral  ICannre. 

Unmanured 

Complex  Mineral  Manure 

V  Unmanured. < 

^^^ li^K 

Barley  after  Clover  more  than  after  ) 
Barley J 

1  Turnips             1  f  Unmanured 

2  Barley                I  J 

3  Clover  or  Beans  j  |  Superphos- 

4  Wheat  j       t     pl^ate 


Duration 

of 

Experiment. 

Average 

Nitrogen 

per  acre, 

per  annom. 

12  yrs.  1847.»58 

IDs. 
481 

12  yrs.  1869.'70(») 
24  yrs.  1847-'70 

14-6 
31-3 

12  yrs.  lh47-'58 

61-5 

12  yrs.  1869.»70(*) 
24  yrs.  1847-'70 

29-6 
46-6 

22  yrs.  1849-'70(+) 
22  yrs.  1849-'70(t) 

30-5 
39*8 

1  yr.  1873 

37-3 

1  yr.  1873 

151-3 

1  yr.  1874 

391 

1  yr.  1874 

69  4 

30-3 

28  yrs.  1848.'76 

36-8 

28  yrs.  1847-'76 

46-2 

Eeferring  first  to  the  results  obtained  with  beans  the  table 
shows  that  without  manure  there  was  an  annual  yield  over  thefirst 
twelve  years,  1847-1868,  of  481  lbs.  of  nitrogen.  Over  the 
next  twelve  years,  1859-1870,  it  was  reduced  to  14 'H  lbs.  per 
acre,  per  annum.  Still,  over  the  whole  period  of  twenty-four 
years,  we  have  an  annual  yield  of  31*8  lbs.,  or  more  than  one 
and  a  half  time  as  much  as  in  either  wheat  or  barley. 

i*)  Nine  years  Beans,  one  year  Wlieat,  two  years  fallow, 
f )  Six  years  Clover,  one  year  Wheat,  three  years  Barley,  twelve  years  fallow. 
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Id  the  oase  of  wheat  and  barley  it  was  seen  that  a  mixed 
mineral  manure  increased  the  yield  of  nitrogen  to  a  very  small 
degree  only.  Not  so  in  the  case  of  the  leguminous  crop,  beana 
During  the  first  twelve  years  a  complex  mineral  manure,  con- 
taining a  large  amount  of  potass — I  call  attention  to  this  fact 
because  we  have  abundant  evidence  that  it  is  the  potass  chiefly 
that  is  effective — gave  61 '6  lbs.  of  nitrogen  per  acre  per  annum 
against  48  1  lbs.  obtained  over  the  same  period  without  manure. 
During  the  next  twelve  years,  the  potass  manure  gave  29*6  lbs. 
against  scarcely  half  as  much,  or  14*6  lbs.  without  the  potass 
manura  And  finally,  during  the  whole  period  of  twenty-four 
years,  the  potass  manure  has  given  45*5  lbs.  of  nitrogen  per 
acre,  per  annum,  against  31  3  Iba,  or  only  about  two  thirds  as 
much,  without  manure;  and  we  have  more  than  twice  as  much 
yielded  by  a  potass  manure  over  a  period  of  twenty-four  years 
with  beans  than  with  either  wheat  or  barley. 

Before  calling  attention  to  the  figures  relating  to  another 
leguminous  crop — red  clover — it  should  be  mentioned  that 
leguminous  crops  generally  are,  and  clover  in  particular  is, 
extremely  sensitive  to  adverse  climatal  circumstances;  but 
clover  is  pre  eminently  sensitive  to  soil  conditions  also.  Indeed, 
it  is  a  fact  well  recognized  in  agriculture,  that  few  soils  can  be 
relied  upon  to  grow  a  good  crop  of  clover  oftener  than  once  in 
about  eight  years;  and  many  soils  will  not  yield  it  so  fre- 
quently. It  will  not  excite  surprise,  therefore,  that  in  attempt- 
ing to  grow  clover  year  after  year  on  the  same  land,  we  have 
only  succeeded  in  getting  any  crops,  and  some  of  those  poor 
ones,  in  six  years  over  a  period  of  twenty-two.  Indeed,  the 
plant  failed  seven  times  out  of  eight  during  the  winter  and 
spring  succeeding  the  sowing  of  the  seed ;  when,  in  some  cases 
a  crop  of  wheat  or  barley  was  taken,  and  in  others  the  land  was 
left  fallow.  Hence,  over  a  period  of  twenty-two  years  we  have 
bad  only  six  years  of  clover,  one  of  wheat,  three  of  barley, 
and  twelve  of  fallow.  Still,  the  annual  yield  of  nitrogen  over 
the  twenty-two  years  was  80'5  lbs.  without  any  manure,  and 
89*8  lbs,,  or  nearly  one  third  more,  by  mineral  manure  contain- 
ing potasa  Unfavorable  as  was  this  experiment  in  an  agricul- 
tunil  point  of  view,  still  it  is  seen  that  the  influence  of  the  inter- 
polation of  this  l^uminous  crop  has  greatly  increased  the  yield 
of  nitrogen  compared  with  that  obtained  in  either  wheat  or 
barley  grown  continuously;  and  that,  unlike  the  result  with 
those  crops,  a  potass  manure  has  here  again,  as  with  beans, 
greatly  increasea  the  yield. 

Without  attempting  for  the  moment  to  discuss  the  probable 
source  or  sources  of  this  greatly  increased  yield  of  nitrogen  by 
leguminous  as  compared  with  gramineous  crops,  I  will  simply 
here  remark  in  passing  that  we  have  no  evidence  leading  to  the. 
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conclusion  that  this  increased  assimilation  is  at  the  expense  of 
the  nitrogen  existing  at  any  rate  in  the  upper  layers  of  the  soil. 
In  fact,  such  initiative  results  as  we  have  relating  to  the  nitro- 

Sfen  in  the  soil  of  the  experimental  bean  field,  would  rather 
ead  to  the  conclusion  that  the  better  the  crop  has  grown,  and 
the  more  nitrogen  it  has  assimilated,  the  richer  rather  than  the 
poorer  in  nitrogen  (as  indicated  by  the  soda-lime  method)  has 
the  sarfai*e  soil  become.  To  this  point,  however,  we  shall  have 
to  recur  presently  ;  but  in  the  meantime  let  us  first  refer  to  the 
yield  of  nitrogen  in  other  cases  in  which  leguminous  crops  have 
been  interpolated  with  othera 

It  is,  indeed,  well  known  that  the  growth  and  removal  of  a 
highly  nitrogenous  leguminous  crop  is  one  of  the  best  possible 
preparations  for  the  growth  of  a  gramineous  com  crop,  which 
characteristically  requires  nitrogenous  manuring.  A  striking 
illustration  of  this  apparent  anomaly  is  aftbrded  in  the  results 
next  in  order  record^  in  Table  IIL 

After  the  growth  of  six  com  crops  in  succession  by  artificial 
manures  alone,  barley  was  grown  without  manure  in  1878  on 
one  portion  of  the  same  land;  and  on  another  portion  clover 
was  grown.  It  is  calculated  that  there  were  taken  off  in  the 
barley  87*8  lbs.  of  nitrogen,  and  in  the  three  cuttings  of  clover 
151'8  lbs.  Yet,  in  the  next  year,  1874,  bnrley  succeeding  the 
barley  gave  891  lbs.,  and  barley  succeeding  the  clover  gave 
694  ibs.  of  nitrogen  ;  or  80*8  lbs.  more  after  the  removal  of 
151*8  lbs.  in  clover  than  after  the  removal  of  87*8  lbs.  in  barley. 
Nor  was  this  remarkable  result  to  be  explained  by  either  acci- 
dent or  «»rror.  For,  determinations  of  nitrogen  in  four  separately 
t:iken  samples  of  the  soil,  in  the  mixture  of  the  four,  and  in  the 
mixture  of  six  others,  taken  from  each  plot,  and  at  different 
depths,  all  concurred  in  showing  an  appreciably  higher  percent- 
age of  nitrogen,  especially  in  the  surface  soil,  nine  inches  deep, 
of  the  land  from  which  the  clover  had  been  removed  than  in 
that  from  which  the  barley  had  been  taken  ;  and  this  was  so, 
although,  in  every  case,  all  visible  vegetable  debris  had  been 
carefully  picked  out  Here,  then,  the  surface  soil  at  any  rate 
was  positively  enriched  in  nitrogen  (determinable  by  soda  lime) 
by  the  growth  and  removal  of  a  very  highly  nitrogenous  cmp. 
It  may  be  mentioned  that  Dr.  Voelcker  has  obtainSi  results  of 
a  similar  character. 

The  results  next  to  be  considered  are  those  obtained  in  an 
actual  four-course  rotation  of  crops — namely,  turnips,  barley, 
clover  or  beans,  and  wheat  The  experiments  have  been  con- 
ducted through  seven  such  courses ;  that  is  to  say,  over  a  pericxi 
of  twenty-eight  years.  One  portion  of  the  land,  the  results 
relating  to  which  are  given  in  the  table,  has  been  entirely 
unmanured  during  the  whole  of  that  period,  and  the  other  haa 
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received  super-phosphate  of  lime  alone,  once  every  four  years 
— that  is  to  say,  for  the  turnips  commencing  each  course ;  but 
it  has  received  no  other  manure  throughout  the  twenty-eight 
years,  either  mineral  or  nitrogenous. 

Under  these  conditions — that  is  with  a  turnip  crop  and  a 
leguminous  crop  interpolated  with  two  gramineous  crops — we 
have,  withi»ut  manure  of  any  kind,  an  average  of  36*8  lbs.  of 
nitrogen  yielded  per  acre,  per  annum  ;  or  not  far  from  twice  as 
much  as  was  obtained  with  either  of  those  cereal  crops,  wheat 
or  barley,  grown  consecutively.  With  super-phosphate  of  lime 
alone,  which,  in  a  striking  degree  increased  the  yield  of  nitro- 
gen in  the  turnips,  reduced  it  in  the  succeeding  barley,  increased 
it  greatly  in  the  leguminous  crop,  and  slightly  in  the  wheat 
immediately  following  them,  we  have  the  average  annual  yield 
of  nitrogen  raised  to  46*2  lbs.  per  acre,  per  annum,  over  the 
twenty -eight  years ;  or  to  more  than  double  i  hat  obtained  by 
wheat  or  barley  grown  continuously  by  mineral  manures  alone. 
And  it  may  be  observed  that  where,  in  adjoining  experiments, 
no  leguminous  crop  was  grown  between  the  barley  and  the 
wheat,  but  the  land  was  fallowed  instead,  the  total  yield  of 
nitrogen  in  the  rotation  was  very  much  less:  the  wheat  succeed- 
ing the  fallow  yielding  very  little  more  nitogen  than  that  suc- 
ceeding the  leguminous  crops  which  had  removed  so  much  of 
it  In  other  words,  the  removal  of  the  most  highly  nitrogenous 
crops  of  the  rotation— beans  or  clover — has  been  succeeded  by 
a  growth  of  whciit,  and  assimilation  of  nitrogen  by  it,  almost  as 
great  as  when  it  has  succeeded  a  year  of  fallow — that  is  to  say, 
a  period  of  accumulation  from  external  sources,  and  no  removal 
by  crops. 

One  other  illustration  must  be  given  of  the  power  of 
plants  of  the  leguminous  and  some  other  families  to  assim- 
ilate more  nitrogen  over  a  given  area  than  those  of  the 
gramineous  family.  But  before  entering  upon  the  bearing  of 
the  results  in  question  on  this  particular  point,  it  will  be  neces- 
sary to  digress  a  little  to  call  special  attention  to  the  conditions 
of  the  experiments  under  which  the  results  were  obtained  ;  and 
it  is  the  more  desirable  to  do  this,  since  the  most  important  of 
Mr.  Lawes'  contributions  to  this  Exhibition  is  an  illustration  of 
the  results  I  am  about  to  refer  to. 

Effects  of  manure, — I  must  here  forestall  a  little  what  I  shall 
Lave  to  refer  to  more  fully  further  on,  as  to  the  eflPects  of  char- 
acteristically diflFerent  substances  on  crops  belonging  to  different 
botanical  familiea  I  will  say  briefly,  then,  that  it  is  found 
that  nitrogenous  manures  have  generally  a  very  striking  efll'ect 
in  increasing  the  growth  of  gramineous  crops  grown  separately 
on  arable  land,  such  as  wheat,  barley,  or  oats,  all  of  which  con- 
tain a  comparatively  small  percentage  of  nitrogen,  and,  as  has 
been  illustrated,  assimilate  a  comparatively  small  amount  of  it* 
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over  a  given  area  when  none  is  supplied  to  them  in  manure. 
The  highly  nitrogenous  leguminous  crops,  on  the  other  hand, 
such  as  peas,  beans,  clover,  and  others,  are  by  no  means  char- 
acteristically benefitted  by  the  use  of  direct  nitrogenous 
manures,  such  as  ammonia-salts  or  nitrates,  though  nitrates 
act  much  more  favorably  than  ammonia-salts.  Again,  while, 
under  equal  conditions  of  soil  and  seasons,  mineral  without 
nitrogenous  manures  increase  comparatively  little  the  poorin- 
nitrogen  gramineous  crops  that  are  grown  separately,  such 
manures,  and  especially  potass-manures,  as  has  been  seen, 
increase  in  a  striking  degree,  the  growth  of  crops  of  the  legu- 
minous family  grown  separately,  and  coincidently  the  amount 
of  nitrogen  they  assimilate  over  a  ffiven  area. 

Such,  then,  is  the  result  obtained  in  the  separate  growth,  on 
arable  land,  of  individual  plants  of  the  different  families. 
Now,  in  the  mixed  herbage  of  permanent  grass  land,  we  may 
have  fifly,  or  even  many  more  species  growing  together,  repre- 
senting nearly  as  many  genera,  and  pernaps  eighteen  or  twenty 
natural  orders  or  families.  CM  these,  the  Gramine®  generally 
contribute  the  lar-ofest  portion  of  the  herbage;  and,  on  good 
grass  land,  if  the  Leguminoses  do  not  come  second,  they  are  at 
any  rate  prominent  The  degree  in  which  other  orders  are 
representeJl  may  be  very  various  indeed,  according  to  soil, 
locality,  season,  and  other  circumstarices.  In  Mr.  Lawes'  park, 
at  Eothamsted,  nearly  eighty  species  have  been  observed ;  but 
of  many  only  isolated  specimens,  and  it  may  be  stated  generally 
that  about  fifty  species  are  so  prominent  as  to  be  found  in  a 
carefully  averagea  sample  of  the  hay  grown  without  manure. 

Experiments  on  the  influence  of  different  manures  on  this 
mixed  herbage  were  commenced  in  1856 :  at  which  time  the 
herbage  was  apparently  pretty  uniform  over  the  whole  area 
selected.  About  twenty  plots,  from  one-auarter  to  one-half  an 
acre  each,  were  marked  out,  of  which  two  nave  been  left  contin- 
uously without  manure,  and  each  of  the  others  has  received  its 
own  special  manure,  and  as  a  rule  the  same  description  year 
after  year — and  the  experiments  have  now  been  conducted 
over  a  period  of  twenty  years. 

Under  this  varied  treatment,  changes  in  the  flora,  so  to 
speak,  became  apparent  even  in  the  first  years  of  the  experi- 
ments ;  and  three  times  since  their  commencement,  at  intervals 
of  five  years— namely,  in  1862,  1867,  and  1872— a  carefully 
averaged  sample  of  tne  produce  of  each  plot  has  been  taken 
and  submitted  to  careful  botanical  separation,  and  the  percent- 
age, by  weighty  of  each  species  in  the  mixed  herbage  determined. 
Partial  separations  have  also  been  made  in  other  years. 

Mr.  Lawes  has  contributed  a  large  case  of  specimens  to  the 
exhibition,  which  shows  the  botanical  composition  of  the  herb- 
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age  on  selected  plots  in  the  seventeenth  season  of  the  experi- 
ments (1872).  The  quantities  of  the  diflferent  plants  there 
exhibited  represent  the  relative  proportion,  by  weight,  in 
which  each  species  was  found  in  the  mixed  produce  of  the 
different  plots;  and  the  whole  illustrates  in  a  striking  manner 
the  domination  of  one  plant  over  another,  under  the  influence 
of  different  manures,  applied  year  after  year  on  the  same  plot 

The  general  results  oi  the  experiments  may  be  briefly  sum- 
marized as  follows : — 

The  mean  produce  of  hay  per  acre  per  annum  has  ranged, 
on  the  different  plots,  from  about  twentv-three  cwt.  without 
manure  to  about  sixty-four  cwt  on  the  plot  the  most  heavily 
manured. 

The  number  of  species  found  has  generally  been  about  fifty 
on  the  unmanured  plots,  and  has  been  reduced  to  an  average 
of  only  twenty,  and  has  sometimes  been  less,  on  the  most 
heavily  manured  plots. 

Species  belonging  to  the  order  Gramineoe  have,  on  the  aver- 
age, contributed  about  sixty -eight  per  cent  of  the  weight  of 
the  mixed  herbage  grown  without  manure;  about  sixty -five 
per  cent  of  that  grown  by  purely  mineral  manures  (that  is, 
without  nitrogen);  and  about  ninety-four  per  cent  of  that 
grown  by  the  same  mineral  manures,  with  a  large  quantity  of 
ammonia-salts  in  addition. 

Species  of  the  order  Leguminosce  have,  on  the  average,  con- 
tributed about  nine  per  cent  of  the  produce  without  manure, 
about  twenty  per  cent  of  that  by  purely  mineral  manures 
(containing  potass),  and  less  than  OOl  per  cent  of  that  by  the 
mixture  of  the  same  mineral  manures  and  a  large  quantity  of 
ammoniacal  salts. 

Species  belonging  to  various  other  orders  have,  on  the  aver- 
age, coniributea  about  twenty-three  per  cent  of  the  produce 
without  manure;  about  fiflieen  per  cent  of  that  by  purely 
mineral  manures,  and  only  about  six  per  cent  of  that  by 
the  mixture  of  the  mineral  manures  and  a  large  amount  of 
ammonia-salts. 

Not  only  the  amounts  of  produce,  but  the  number  and 
description  of  the  species  developed,  have  varied  very  greatly 
between  the  extremes  here  quoted,  according  to  the  particular 
character  or  combination  of  manure  employ^,  and  to  the  char- 
acter of  the  seasons,  as  is  strikingly  illustrated  by  the  arrange- 
ment of  the  specimens  in  the  case,  which,  however,  it  should 
be  borne  in  mmd,  show  the  composition  of  the  herbage  on  the 
selected  plots  in  one  particular  season  only — namely,  in  1872. 

Obviously,  these  few  remarks  can  only  very  inadequately 
indicate  the  interest  of  these  curious  illustrations  of  the  dom- 
ination of  one  plant  over  another  in  the  mixed  herbage  of  per- 
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manent  grass  land  Nor  do  we  pretend  to  be  able  to  give  a 
satisfactory  explanation  of  the  variations  induced,  founded  on 
the  obvious  or  recorded  difiereuce  in  above-ground  or  under- 
ground character  or  habit  of  gi-owth  of  the  individual  speeiea 
The  whole  of  the  results — agricultural,  chemical,  and  botanical — 
obtained  during  the  twenty  years  of  the  experiments  are,  how- 
ever, now  in  course  of  arrangement  for  publication ;  and  that 
we  may  not  overlook  such  explanations  as  might  be  sujrgested 
from  the  point  of  view  of  the  botanist  and  vegetable  physiolo- 
gist, as  well  as  that  of  the  chemist,  we  have  associateii  with 
ourselves  Dr.  Masters  in  working  up  the  botanical  part  of  the 
inquiry;  and  I  think  Dr.  Masters  will  agree  with  me  in  saying 
that  much  more  has  yet  to  be  known  of  the  diflference  in  the 
physiological  capability,  so  to  speak,  of  the  leaves  of  plants  of 
different  species,  genera,  and  orders,  and  of  the  differen-^e  in 
the  distribution,  and  in  the  feeding  power,  of  the  roots,  before 
satisfactory  explanations  of  the  facts  observed  can  be  given. 
Surely,  a  wide  field  of  investigation  for  the  botanist  and  vege- 
table physiologist  is  here  opened  up  to  view  1 

(To  be  continued.) 


Art.  hi. —  Observations  on  a  property  of  the  Retina^  first  noticed 
by  Tail;  by  Ogden  N.  Rood,  Professor  of  rbysics  in 
Columbia  College. 

In  the  Edinburgh  Proceedings,  1869-70,  vii.  p.  605-607, 
Tait  described  an  interesting  observation,  which  has  perhaps 
some  bearing  on  Thomas  Young's  theory  of  color.  While  suf- 
fering from  indisposition,  he  noticed  each  time  on  awakening 
from  a  feverish  sleep,  that  the  flame  of  a  lamp  seen  through  a 
ground-glass  shade,  assumed  a  deep  red  color,  the  effect  lasting 
about  a  second.  He  suggests  that  the  nerve  fibiils  in  the 
retina  also  partook  of  sleep,  and  on  awakening  the  green  and  vio- 
let nerves  resumed  tlieir  function  somewhat  later  than  the  red. 
I  have  in  my  own  case  noticed  some  instances,  which  seem  to 
point  out  chat  after  a  nervous  sfwck^  sudden  or  prolonged,  the 
green  nerves  (adopting  the  theory  of  Young,)  recover  their 
activity  later  than  the  red,  and  probably  later  than  the  violet 
nerves.  The  first  observation  was  made  twenty  j^ears  ago  while 
recovering  irom  the  effects  of  chloroform,  which  had  been 
administered  by  a  dentist,  well  known  at  that  time  in  Munich. 
Upon  regaining  consciousness,  and  raising  my  eyes  to  the  face 
of  the  operator,  I  was  a  little  surprised  at  not  having  previously 
remarked  his  unusually  ruddy  complexion,  but  the  next  instant 
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saw  that  this  was  due  to  an  optical  illusioD,  for  his  hair 
appeared  of  a  bright  purplish-red  hue.  The  singular  appear- 
ance lasted  perhaps  a  couple  of  seconds,  when  his  hair  resumed 
its  natural  color^  which  was  white.  This  observation  corresponds 
with  that  made  by  Tait. 

I  give  now  an  instance,  where  chronic  eflFects  of  a  similar 
character  were  noticed  by  me  for  a  couple  of  weeks  continuously, 
during  convalescence  from  typhoid  fever.  In  this  case  white 
objects  appeared  of  a  not  very  intense  orange-yellow  hue,  the 
general  effect  on  a  landscape  being  such  as  is  produced  by  the 
orange-yellow  rays  of  the  setting  sun.  Here  the  activity  of  the 
green  and  violet  nerves  was  diminished  relatively  to  that  of  the 
red.  The  auditory  nerve  was  also  evidently  affected  during 
the  same  period,  but  precisely  in  what  way  I  did  not  ascertain. 

It  is  a  matter  of  yearly  observation  with  me,  that  effects, 
similar  in  kind  with  those  first  noticed,  are  produced  by  pro- 
longed exposure  to  bright  white  light  out  of  doors.  Under 
such  circumstances  white  objects  no  longer  appear  pure  white, 
but  are  tinted  plainly  purplish-red,  and  rather  dull  greens 
assume  a  gray  hue,  as  though  all  the  green  in  them  had  been 
neutralized,  while  strong  greens  are  considerably  reduced  in 
intensity  (saturation.)  Upnou  leaving  the  blinding  glare  and 
entering  a  darkened  room,  it  often  for  several  seconds  appears 
filled  with  a  greenish  haze. 

Two  of  these  cases  and,  probably  that  of  Tait,  point  out,  that 
our  apparatus  for  the  reception  of  waves  of  light  of  medium 
length,  is  more  liable  to  be  over-strained  by  nervous  shocks  or 
by  prolonged  excitation,  than  is  the  case  with  those  designed 
for  the  reception  of  waves  of  greater  or  lesser  length.  Nervous 
derangement  and  prolonged  excitation,  are  then  causes,  which 
may  produce  temporary  green  color-blindness. 


Art.  IV. — On  grains  of  Metallic  Iron  in  Dolerytes  from  New 
Hampshire;  by  George  W.  Hawes. 

The  presence  of  metallic  iron  in  certain  basalts  and  dolerytes 
has  been  repeatedly  proved.  It  was  first  shown  by  Dr. 
Andrews  that  it  was  contained  in  the  basalts  of  the  Giant's 
Causeway.*  Reuss  has  proved  its  presence  in  Bohemian 
basalts;  and  in  this  country  it  has  been  found  in  the  Mesozoic 
dolerytes  of  New  Jersey  by  Cook.f 

In  all  these  cases  the  iron  has  been  detected  by  a  microchem- 
ical  method.     If  a  portion  of  a  rock  is  pulverized,  and  the 

*  Pogg.  Ann.,  1863,  Bd.  88,  p.  321. 

f  Cook,  Annual  Report  of  State  GeoL  Surrey  for  1874,  p.  66. 
Am.  Joue.  Sci.,  Thibi>  Sbbibs— Vol.  Xm,  No.  78.— Jah.,  1877. 


Digitized  by  VjOOQ  IC 


M     Q.  W*  Hawe» — Ircn  in  DoleryUs  from  New  Hampshire. 

magnetic  ooDstitoents  withdrawn  by  pacing  a  magnet  over  the 
powder,  any  metallic  iron  which  may  be  present  in  the  rock 
can  be  recognized  by  treating  this  magnetic  portion  with  an 
acid  solution  of  sulphate  of  copper  and  then  examining  it  with 
the  microscope  to  see  if  any  metallic  copper  is  precipitated.  If 
metallic  iron  is  present  it  exchanges  places  with  the  copper,  and 
crystalline  aggr^tes  of  metallic  copper,  easily  recognizable  by 
their  color  and  luster,  will  be  seen.  But  as  Dr.  Andrews  re- 
marked in  speaking  of  the  Ovifak  iron,  in  his  inaugural  address 
before  the  British  Association  last  summer,  it  has  never  been 
found  possible  to  detect  with  the  microscope  this  iron  which 
was  known  to  be  present  It  is  proposed  here  to  point  out  the 
mode  of  occurrence  of  visible  grains  of  metallic  iron  in  dole- 
rytes  from  New  Hampshire. 

Upon  the  Dry  river,  a  small  stream  which  gathers  its  waters 
from  Mount  Washington^  there  are  numerous  large  dikes  of 
chrvsolitic  doleryte,  which  cut  through  the  old  crystalline 
rocKs.  These  dolerytes  are  composed  of  labradorite,  pyroxene, 
chrysolite  and  magnetite,  with  a  little  mica ;  and,  though  they 
contain  such  decomposable  materials,  the  rocks  are  remarkably 
firesh,  and  all  the  minerals  are  clear  when  looked  at  in  thin 
sections  with  the  microscope,  showing  no  signs  of  alteration. 
This  may  be  due  in  part  to  the  remarkable  compactness  of  the 
rock,  and  perhaps  more  to  the  great  freshets  in  the  spring  time, 
which  remove  any  soft  or  loose  material. 

Considering  that  the  circumstances  wotdd  be  iavorable  for 
the  preservation  of  metallic  iron  in  these  rocks  if  any  were 
originally  present,  I  tested  for  it  according  to  the  metliod  be- 
fore descrioed,  and  the  strength  of  the  reaction  was  surprising. 
The  magnetic  constituents  treated  with  sulphate  of  copper  ex- 
hibited numerous  bright  crystalline  aggregations  oi  copper 
which  were  plainly  visible  to  the  naked  eye.  The  reaction 
was  so  much  more  marked  than  any  that  I  had  obtained  in 
testing  the  trap  rocks  of  the  Connecticut  valley,  which  con- 
tain iron  when  not  altered  by  decomposition,  that  I  examined 
the  sections  to  ascertain  if  it  could  not  be  seen  under  the 
microscope ;  and  I  found  on  shutting  off  the  light  from  the 
mirror  oelow  and  examining  them  with  light  reflected  only 
from  the  section,  that  a  few  of  the  grains  of  magnetite  possessed 
a  bright  metallic  center,  which  had  the  luster  of  metallic  iron, 
and  which  was  very  marked  in  the  bluish-black  magnetite. 
Taking  an  unmounted  section  which  possessed  one  of  these 
grains  near  its  center,  I  treated  it  with  sulphate  of  copper, 
when  the  grain  was  covered  with  a  coat  of  copper,  proving  it 
to  be  iron.  The  following  figure  is  drawn  from  a  section  of 
the  rock,  and  represents  it  as  magnified  thirty  five  diameters. 
The  black  mineral  is  magnetite,  and  the  light  colored  spot  in 
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the  large  grain  is  the  metallic  iron.     The  other  minerals  of  the 
slioe  are  as  follows:   Tlie  white  mineral  with  no  cleavage  but 

with  irregular  fractures 
is  chrysolite  (C);  the  min- 
eral showing  an  inter- 
rupted cleavage  is  py- 
roxene (P);  the  shaded 
mineral  with  a  perfect 
cleavage  is  black  mica 
(M) ;  and  the  white  min- 
eral which  is  clear  and 
shows  only  a  few  impuri- 
ties is  labradorite  (L). 
The  chrysolite  and  bio- 
tite  show  an  attempt  at 
regular  crystallization, 
while  the  other  ingredi- 
ents do  not  possess  any 
regular  external  form, 
but  the  labradorite  is  finely  striated  by  twinning,  and  this  pro- 
duces a  beautiful  efiect  when  it  is  examined  with  polarized 
light  The  magnetite  is  extremely  magnetic,  and,  on  being 
separated  from  the  other  material  bv  a  magnet,  the  grains  retain 
magnetism  and  become  little  lodestones,  and  several  quite 
large  grains  can  be  drawn  along  together  with  the  end  of  a 
platinum  wire.  These  rocks  form  a  part  of  the  series  that  will 
be  described  in  the  third  part  of  the  report  of  the  New  Hamp- 
shire Geological  survey. 

It  has  been  supposed  that  the  metallic  iron  of  basalts  results 
from  the  agency  of  carbon  or  some  reducing  agent,  which  act- 
ing on  the  magnetic  iron  at  a  high  temperature  has  reduced  a 
portion  of  it  to  the  metallic  state.  The  presence  of  this  iron  in 
the  centers  of  the  irregular  grains  of  magnetite  seems  to  indi- 
cate that  the  magnetite  in  this  rock  may  have  resulted  from 
the  oxidation  of  the  iron. 
Sheffield  Laboratory,  New  Haven,  Oonn. 


Abt.   V. — On  certain   Phenomena  of  Bmocular   Visioti  ;*  by 
Fbancis  K  Nipher. 

It  is  possible  that  the  phenomena  here  described  may  have 
been  observed  before,  but  I  have  been  unable  to  find  any 
record  of  them. 

1.  Fold  a  sheet  of  writing  paper  into  a  tube  about  an  inch 
in  diameter.  Look  through  the  tube  at  some  distant  object 
*  Bead  before  the  St  Loma  Academy  of  Science,  Not.  6th,  1876. 
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with  one  eye,  and  toward  the  open  hand  with  the  other  ^e, 
the  edge  of  the  hand  being  in  contact  with  the  tube.  The 
dissimilar  objects  producing  unlike  images  upon  the  retinae,  the 
sensations  blend  and  a  hole  will  appear  to  be  cut  through  the 
palm  of  the  hand,  through  which  the  tube  passes.  That  part 
of  the  tube  between  the  eye  and  hand  will  appear  to  be  trans- 
parent, as  though  the  hand  were  seen  through  it 

This  experiment  is  very  old,  but  seems  not  to  have  found  its 
way  into  scientific  literature. 

2.  Replace  the  hand  by  a  sheet  of  unruled  paper,  upon  which 
a  drop  of  ink  has  been  placed.  By  proper  management,  the 
ink  blot  may  be  made  to  appear  within  the  tube,  by  so  plac- 
ing the  paper  that  the  hole  which  is  apparently  cut  through  it, 
coincides  with  the  blot.  Ordinarily  the  blot  will  then  appear 
opaque,  the  paper  immediately  around  it,  and  apparently  within 
the  tube,  being  invisible.  The  blot  appears  as  it  were  suspended 
in  space.  By  concentrating  the  attention  strongly  on  objects 
seen  through  the  tube,  especially  if  they  are  strongly  illumin- 
ated, the  blot  becomes  more  hazy,  transparent,  and  may  even 
be  made  to  disappear  altogether.  The  mental  effort  necessary 
to  do  this  cannot  be  maintained  more  than  a  few  seconds,  and 
the  spot  will  reappear.  If  the  effort  to  cause  the  spot  to  thus 
disappear  be  kept  up,  the  attention  being  strained  to  its  highest 
pitch,  the  blot  will  disappear  and  reappear  at  regular  intervals 
of  a  few  seconds,  the  absolute  time  depending  upon  the  illumina- 
tion. It  seems  as  though  the  organs  exertea  oecome  fatigued, 
and  relaxing  for  a  few  moments,  refreshment  sets  in,  which 
again  renders  possible  the  exertion  necessary  in  causing  the 
blot  to  disappear.  It  is  possible  that  these  experiments  maybe 
so  made  as  to  throw  some  light  upon  the  conditions  necessary 
in  fixing  the  attention.  Interesting  experiments  may  also  be 
made  by  substituting  a  fragment  of  a  plane  mirror  for  the  sheet 
of  paper.  Looking  through  a  rather  large  tube  at  a  distant 
object  with  the  right  eye,  and  the  reflected  image  of  the  left 
eye  will  appear  staring  up  the  tube,  the  adjoining  parts  of  the 
head  being  invisible. 

8.  Substituting  for  the  ink-blot  a  small  hole  cut  through  the 
paper,  the  small  hole  can  also  be  made  to  appear  within  the 
tube,  distinguishing  itself  by  its  different  illumination,  the  sur- 
rounding paper  being  invisible,  unless  attention  be  directed  too 
strongly  to  tne  paper  in  which  the  hole  is  cut  The  relative 
illumination  of  the  small  hole,  and  the  space  immediately 
around  it  depends  upon  the  relative  illumination  of  objects  upon 
which  the  tube  is  directed,  and  that  of  the  sheet  of  paper 
exposed  to  the  other  eye. 

4.  Keeping  the  same  arrangement,  place  at  a  distance  of  one 
foot  from  the  end  of  the  tube  a  sheet  of  paper  so  that  objects 
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beyond  it  are  still  visible — arrange  matters  so  that  it  is  visible 
to  the  eye  looking  through  the  tube,  but  not  to  the  other, 
directed  at  the  sinsul  hole  in  the  paper  sheet  This  second  sheet 
will  now  appear  to  be  traversed  by  a  hole  the  same  in  size  as 
that  cut  through  sheet  No.  1. 

Cutting  a  small  hole  in  sheet  No.  2,  matters  are  easily 
arranged  so  that  it  appears  within  the  hole  which  was  before 
seen  within  the  tube.  These  experiments  may  be  utilized  in 
showing  the  simultaneous  accommodation  of  the  two  eyes. 

5.  Tubes  of  this  kind,  blackened  on  the  inside  are  very 
con  venient  in  studying  color  sensations.  Using  two  such  tubes, 
look  through  one  with  the  right  eye,  say,  at  red,  through  the 
other  with  the  left  eye  at  green  paper,  illuminated  by  the  direct 
solar  ray.  The  color  sensations  fade  with  marvelous  quickness. 
Transferring  both  eyes  to  either  color,  say  red,  the  eye  fatigued 
by  green  sees  the  red  greatly  intensified,  the  effect  being 
rendered  the  more  striking  by  the  simultaneous  impressions 
received  by  the  two  eyes.  Experiments  in  the  combination  of 
color  sensations  will  readily  suggest  themselves. 

The  editor  of  the  Scientific  Amprican  has  written  something 
quite  similar  to  some  parts  of  this  communication  (Oct  14),  but 
a  comparison  of  it  with  my  short  note  in  Nature^  Aug.  lOth, 
w\]l  show  that  I  am  not  the  borrower. 


Abt.  VL — Notes  on  the  Vespertine  Strata  of  Virginia  and  West 
Virginia ;  by  WILLIAM  M.  FoNTAINB. 

Structure  and  geographical  distribution. 

The  eastern  border  of  the  unbroken  area  occupied  by  the 
Vespertine  in  the  two  Virginias  may  be  taken  as  limited  by 
the  Main  All^hany,  in  the  northern  and  middle  portions  of 
the  area  in  question,  and  in  the  southern  portion,  by  Peter  s 
and  East  River  Mountains. 

As  Prof.  Wm.  B.  Rogers  has  shown,  the  rocks  of  the  Vesper- 
tine, or  No.  X,  compose  the  middle  portion  of  the  Main 
AU^hany  from  the  Potomac  to  Pocahontas  county.  This  range 
of  mountains,  for  some  distance  south  of  the  Potomac,  is  called 
**  the  Eastern  Front  Ridge  of  the  Alleghany,"  while  from  the 
northern  part  of  Pendleton  county  to  the  southeastern  corner 
of  Greenbrier  county,  it  bears  the  name  "Alleghany." 

North  of  Pocahontas,  according  to  Prot  Rogers,  the  range 
dhows  principally  monoclinal  westerly  dips.  The  flexure-s  here 
are  comparatively  broad  and  gentle.  Hence  the  Vespertine 
and  associated  strata  first  dip  genUy  westward,  and  then  oass 
into  a  series  of  undulations,  which  extend  nearly  to  the  Ohio 
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Biver,  declining  more  and  more  in  abruptness.  Owing  to  tbe 
increasing  depth  to  which  they  are  buried,  the  Vespertine 
strata  are  rarely  brought  to  tbe  surface  in  that  direction  by  the 
flexures. 

As  we  go  south  of  Pocahontas  the  westward  thrust  which 
has  affected  this  region,  causes  an  increased  elevation  and  flex- 
ing of  the  rocks.  The  structure  of  the  Alleghany  passes  from 
monoclinal  to  anticlinal,  with  increasing  steepness  of  dip,  so 
that,  in  the  vicinity  of  the  White  Sulphur  Springs,  where  pen- 
etrated by  the  tunnel  for  the  Chesapeake  &  Ohio  Railroad,  the 
strata  stand  nearly  vertical. 

Lower  and  lower  rocks  enter  into  its  composition,  in  passing 
southward.  As  Sogers  has  shown,  in  the  north,  where  mono- 
clinal dips  prevail,  the  lowest  rocks  seen  in  the  east  faee  of  the 
mountain  are  those  of  No.  IX  or  Catskill?.  But  near  the 
White  Sulphur,  the  core  of  the  mountain  is  composed  of  the 
lowest  Ohemung,  and,  probabljr,  Hamilton  strata. 

The  development  of  an  anticlinal  structure,  with  increasing 
steepness  of  aip  in  passing  southward,  has  had  the  effect  <? 
causing  a  belt  of  Vesp^ertine  rocks  to  be  brought  down  on  the 
east  side  of  the  mountain,  and  caught  in  a  synclinal  fold.  This 
gives  us  the  small  coal  beds  seen  near  the  Lewis  Tunnel. 
At  the  same  time  the  increase  in  the  elevation  and  flexing  of 
the  strata  southward  from  the  northern  part  of  Pocahontas 
county  has  brought  up  rocks  lower  than  the  Catskill  ?,  not  only 
in  the  Alleghany  but  over  a  belt  about  ten  miles  wide  to  the 
west,  so  that  the  east  limit  of  the  unbroken  Vespertine,  is 
thrown  off  to  the  western  side  of  this  area. 

This  belt  shows  strata  all  the  way  in  the  series,  from  the 
Oriskany  to  the  Vespertina  The  former  barely  appears  in  the 
lowest  eroded  places,  and  the  latter  shows  merely  small  uneroded 
remnants  of  its  lower  portion.  In  the  vicinity  of  the  White  Sul- 
phur Spring,  the  strata  throughout  this  area  seem  to  be  dis- 
posed in  closed  and  contorted  anticlinals  overturned  to  the 
westward,  which  are  separated  by  comparatively  broad  belts,  in 
which  the  beds  show  moderately  steep  dips. 

This  disturbed  belt  is  separated  by  a  line  of  fault  from  the 
Vespertine  strata.  Here  the  transition  is  very  abrupt,  to  a 
region  which  shows  remarkably  little  disturbance.  Prof.  Rogers' 
description  of  the  geology  of  the  eastern  comer  of  Monroe 
county  would  seem  to  show  that  the  elevation  of  strata  lower 
than  the  Vespertine  in  the  Alleghany,  and  the  belt  to  the  west 
of  it,  is  not  maintained  beyond  the  northeastern  border  of  this 
county;  for  there  we  find  that  the  eastern  outcrop  of  the  Ves- 
pertine area  has  closed  in  upon  the  Alleghany,  while  within 
the  county  this  mountain  chain  is  continued  in  Little  Moun- 
tain, which  is  composed  of  upturned  Vespertine  strata. 
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Witli  this  disappearaDce  of  the  elevated  belt  of  distarbed 
Devonian  strata,  the  fault  which  bounded  it  on  the  west  also 
vuaishes,  but  is  succeeded  by  a  much  more  important  one, 
which  begins  some  distance  to  the  east  of  the  termination  of 
the  Alleffnany,  in  the  northeastern  edge  of  Monroe  county. 
The  rapid  increase  in  the  magnitude  of  tnis  fault  to  the  south- 
west soon  swallows  down  the  Devonian  beds  of  the  Alleghany, 
with  their  overlying  bands  of  Vespertine  coal  beds,  and  brings 
the  eastern  outcrop  of  the  Vespertine  close  to  Lower  Silurian 
strata.  This  fault,  which  runs  not  far  to  the  west  of  Peters^s  find 
East  Biver  Mountains,  bounds  the  Vespertine  outcrop  in  that 
direction. 

Every  observer  who  has  examined  the  structure  of  the 
country  to  the  east  and  west  of  this  £Etult,  in  the  region  extend- 
ing from  Monroe  county  to  the  southwest,  has  been  struck  with 
the  remarkable  diflference  in  the  amount  of  disturbance  exhib* 
ited  by  the  strata  on  the  opposite  sides  of  it.  Prof.  Lesley  has 
given  an  excellent  account  of  the  condition  of  the  country  to 
the  southeast  of  the  fault  above  mentioned.  The  entire  area  here 
has  been  fractured,  displaced,  and  folded,  showing  a  truly  as- 
tonishing amount  of  disturbance.  On  the  northwest,  or  western 
side,  we  find  the  beds  sometimes  with  their  edges  upturned,  but 
they  pass  into  an  almost  horizontal  position  in  a  short  distance 
to  the  west  This  is  well  shown  in  Pro£  Lesley's  section  of 
Stone  Mountain,  where  the  conglomerate  series  is  thus  affected. 
Pro£  Bogers,  in  his  section  of  the  strata  in  the  northeast  comer 
of  Monroe  county,  gives  a  good  example  of  this  condition  of 
things.  Here  the  partially  overturned  beds  of  the  Vespertine 
and  Umbral,  lying  in  the  immediate  vicinity  of  the  fault, 
rapidly  come  down  to  nearly  a  horizontal  position.  In  my  ac- 
count of  the  section  near  Greenbrier  River,  a  similar  structure 
will  be  shown.  But  here  the  line  of  fault  separating  the  dis^ 
turbed  from  the  undisturbed  region,  is  a  minor  one,  developed 
by  the  rise  of  the  Devonian  belt  near  the  White  Sulphur 
Spring 

While  the  direction  of  this  fault  is  thrown  more  in  a 
northerly  direction,  and  hence  farther  to  the  west  than  that 
of  the  one  above  described,  yet  it  occupies  the  same  relative 
position,  and  performs  the  same  office,  viz:  that  of  checking 
the  propagation  of  the  disturbance  through  the  strata  to  the 
west  of  it  This  fault  does  not  seem  to  continue  far  north, 
certainly  not  beyond  Pocahontas  county. 

The  country  everywhere  to  the  west  of  these  last  lines  of 
fault,  from  Greenbrier  county  nearly  to  the  Tennessee  line, 
with  the  exception  of  a  few  undulations  and  disturbances  in 
the  vicinity  of  the  fault,  shows  a  prevailing  northwest  dip,  as 
far  as  the  Ohio  Biver,  which,  as  we  go  in  that  direction,  brings 


Digitized  by  VjOOQIC 


40  W,  M.  Foyitaine —  Vespertine  Strata  of  Virginia. 

us  upon  higher  and  higher  strata.  This  region  may  then  be 
regarded  as  an  eroded  plateau,  sloping  from  the  east  toward 
the  Ohio  Eiver.  The  mountains  laid  down  as  existing  in  this 
region  are  simply  uneroded  remnants  of  higher  and  softer 
strata,  resting  upon  a  basal  plane,  formed  by  lower  and  harder 
ones,  such  as  the  Lower  Carboniferous  Iiimestone,  and  the 
sandstones  of  the  Conglomerate  Series. 

I  have  attempted  to  give  some  account  of  the  topography  of 
this  part  of  the  State  of  West  Virginia,  in  the  **  Resources  of 
West  Virginia,"  recently  published  under  the  direction  of  the 
"  State  Board  of  Centennial  managers." 

North  of  Pocahontas  county  the  flexures  along  the  east 
border  show  no  fault,  but  are  propagated  with  diminishing 
force  far  to  the  west  In  this  quarter  the  most  westerly  fault 
is  the  great  one,  running  along  the  west  side  of  the  great  Lower 
Silurian  limestone  valley  of  Virginia.  The  Professors  Rogers, 
in  their  discussion  of  the  structure  of  the  Appalachian  Belt  in 
the  Virginias,  have  well  shown  the  gradation  of  folds,  in  the 
northern  part  of  the  area  in  question,  into  faults  in  the  south- 
ern part.  In  passing  south  the  anticlinals  become  closed,  then 
overturned  to  the  west,  and  finally  fractured.  This  feature  is 
shown,  as  I  have  explained  above,  in  the  Devonian  area  near 
the  White  Sulphur. 

An  inspection  of  the  map  of  the  Virginias  will  show  that  the 
straight  mountain  chains  which  extend  from  the  southern  part 
of  the  two  states  in  a  northeasterly  direction  to  the  northeastern 
comer  of  Monroe  county,  are  then  thrown  farther  west,  and 
made  to  take  a  north-northeasterly  direction.  The  more  south- 
erly chains  are  produced  by  resistant  stmta,  brought  up  along 
lines  of  fault,  the  more  northerly,  by  folds. 

The  following  seems  to  me  to  be  the  course  of  events,  which 
resulted  in  the  production  of  the  present  structure  of  the  coun- 
try : 

The  westward  thrust,  which,  at  the  close  of  the  Carbonifer- 
ous Age,  uplifted  the  Appalachian  Belt,  found  the  strata  along 
its  present  western  bomer,  for  some  distance  south  of  the 
Potomac,  with  their  power  of  resistance  comparatively  unim- 
paired by  any  previously  existing  tension.  Consequently,  the 
undulations  ansing  from  the  thrust  were  propagated  far  to  the 
west  But  to  the  south  the  case  was  diflFerent  The  western  edge 
was  already  weakened  by  the  tension  produced  by  the  develop- 
ment of  the  deep  trough,  in  which  the  lower  Carboniferous  strata 
were  deposited,  and  this  tension  increased  with  the  increased 
depth  of  this  trough  to  the  south.  Hence,  we  find  first  the 
development  of  a  minor  fault  along  the  eastern  side  of  Green- 
brier county,  which  relieved  the  strata  to  the  west  of  it,  in  a 
great  measure,  from  the  westward  thrust 


Digitized  by  VjOOQIC 


W.  M.  Fontaine —  Vespertine  Strata  of  Virginia.  41 

Passing  south,  into  still  more  weakened  strata,  the  sadden  de- 
velopment of  the  great  fault  near  the  Sweet  Springs,  in  Monroe 
county,  to  the  east  of  the  southerly  prolongation  of  the  Alle- 
ghany, in  like  manner  relieves  the  country  to  the  west  from 
the  upheaving  force,  causing  the  Alleghany,  and  the  contorted 
belt  on  its  west,  to  disappear,  and  the  mountain  chains  to  as- 
sume a  more  easterly  course.  From  this  point  southward,  in 
the  r^on  of  greatest  tension,  the  fractures  are  more  profound 
and  numerous.  Any  residual  impulse,  unrelieved  by  the  faults, 
seems  to  have  been  exhausted  in  producing  flexures  in  the  im- 
mediate vicinity  to  the  west  of  tne  feult,  and  in  raising  the 
eastern  border  of  the  great  coal  field  as  a  whole,  producing  a 
gentle  westerly  dip  toward  the  Ohio. 

No  doubt  the  great  freedom  of  this  area,  thus  tilted,  from 
flexures  of  any  magnitude,  is  due  in  part  to  the  great  develop- 
ment of  massive  sandstones  in  the  lower  Vespertine,  and  in  the 
conglomerate  series  in  thi»  section,  which  would  produce  great 
rigidity. 

A  somewhat  detailed  explanation  of  the  connection  supposed 
to  exist  between  the  faulted  and  folded  portions  of  the  country, 
and  the  deep  trough  occupied  by  the  lower  strata  of  Carbon- 
iferous age,  has  been  given  in  the  above  named  **  Resources  of 
West  Virginia,"  in  the  chapter  by  Mr.  Maury  on  the  "  Coal 
Field  of  West  Vii^ginia." 

The  Vespertine  strata  occurring  to  the  east  of  the  limit  men- 
tioned at  the  beginning  of  this  article,  are  found  in  detached 
belts  and  patches,  mostly  of  small  extent  As  might  be 
expected,  from  the  above  account  of  the  structure  of  the  coun- 
try, in  the  northern  and  middle  portions,  they  occupy  usually 
the  lower  parts  of  synclinal  folds,  while  in  the  southern  portion, 
they  are  confined  to  the  vicinity  of  faults.  In  each  case  they 
are  more  commonly  found  along  the  flank,  or  at  the  foot  of  a 
mountain,  formed  by  the  more  resistant  lower  portion  of  the 
Vespertine,  or  underlying  strata. 

The  following  are  the  more  important  of  these  belts,  and  the 
only  ones  which  I  propose  to  notice,  since  they  may  be  taken 
as  true  representatives  of  all  the  areas  to  be  found  in  the  region 
where  they  exist 

1,  The  belt  mentioned  above,  as  occurring  on  the  east  flank 
of  the  Alleghany  Mountain,  near  the  White  Sulphur  Springs. 
This  belt  contains  the  coal  strata  and  plant  impressions  seen  at 
Lewis  Tunnel  It  is  especially  instructive,  since  it  shows  the 
strata  lying  immediately  above  the  Chemung,  as  well  as  the  junc- 
tion of  these  last  with  the  lower  portion  of  the  Vespertine.  All 
the  strata  here  are  well  exposed  in  the  deep  cuttings  for  the 
Chesapeake  &  Ohio  B.  R 

This  belt  extends  an  unknown  distance  north  of  the  railroad, 
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probably  to  the  northern  part  of  Bath  countj.  To  the  south, 
it  terminates  near  the  northeastern  border  of  Monroe  county. 
It  occupies  the  bottom  of  a  synclinal  fold,  and  possesses  but 
small  width. 

2.  A  much  more  extended  and  important  belt,  which  lies 
about  thirty  miles  east  of  the  last  This  commences  in  the 
northern  part  of  Virginia,  in  the  western  part  .of  Berkeley 
county,  and  extends  thence  south  through  the  State,  with  some 
minor  interruptions.  It  lies  on  the  west  side  of  the  great  Lower 
Silurian  limestone  valley,  and  close  to  the  great  fault  which 
bounds  it  in  that  direction.  In  the  northern  and  middle  por- 
tions, the  coal-bearing  member  of  the  Vespertine  lies  under  the 
inverted  massive  sandstones  of  the  lower  member,  and  hence  is 
found  on  the  west  side  of  the  mountains,  formed  of  this  massive 
portion.  In  this  part  of  the  State,  these  mountains  bear  the 
names  of  "Great,"  and  "Little,"  "North  Mountain." 

In  the  southern  part  of  the  State,  the  V^pertine  strata  are 
not  inverted,  but  dip  toward  the  fault  Hence  in  "Brush 
Mountain,"  the  southern  continuation  of  "North  Mountain," 
the  coal-bearing  member  lies  on  the  southeastern  face  of  the 
mountain.  The  great  number  of  faults  in  this  section  has 
caused  a  small  remnant  to  be  caught  and  preserved,  even  within 
the  area  of  the  Silurian  strata,  as  in  the  remarkable  coal  field 
of  Price's  Mountain,  near  Christiansburg  in  Montgomery  county. 
I  have  been  informed  that  coal  has  been  discovered  stiU  farther 
to  the  east,  within  the  limestone  area,  in  the  north  end  of  Lick 
Mountain,  in  Wythe  county.  If  this  is  true,  it  is  without  doubt 
Vespertine  coaL 

From  the  fact  that  all  the  strata,  and  the  coals  as  well, 
thicken  as  we  go  east,  it  cannot  be  doubted  that  the  Vespertine 
coal  field  extended  considerably  farther  in  that  direction  than 
any  remnant  now  remaining.  Leaving  out  of  consideration  the 
extension  of  these  strata  northward,  into  Pennsylvania,  where 
they  have  been  shown  to  contain  coal  beds,  the  area  of  the  coal 
formation  of  this  age,  in  Virginia  and  West  Virginia,  was  by 
no  means  small.  Judging  only  by  the  exposures  which  now 
remain,  the  belt  of  country  over  which  well  defined  coal  beds 
were  formed,  was  more  than  500  miles  long,  and  fifty  miles 
wida 

I  have  examined  the  exposures  on  the  Greenbrier  River, 
and  at  Lewis  Tunnel,  in  the  vicinity  of  the  White  Sulphur 
Springs,  as  well  as  those  in  the  western  edge  of  Augusta  and 
Rockingham  counties  in  Virginia,  and  in  Montgomery  county. 
I  will  give  in  the  remainder  of  this  article,  some  of  the  facts 
observed  at  these  points. 

The  strata  from  the  top  of  the  Chemung  to  the  base  of  the 
"  Productive  coals,"  in  the  two  Virginias,  pass  into  each  other 
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8o  gmdaalfy,  that,  in  subdividing  this  great  mafls  of  sediment, 
one  is  forced  to  select  the  dividing  planes  somewhat  arbitrarily, 
atid  to  take  for  his  gnide,  physical  changes  in  the  strata.  The 
most  natural  horizon,  to  select  as  the  upper  boundary  of  the 
Vespertine  in  the  Virginias,  as  it  seems  to  me,  is  the  base  of  the 
"Lewisburg,"  or  "Lower  Carboniferous  Limestone."  Yet,  as 
we  proceed  north  into  Pennsylvania,  this  rock  is  absent  This 
is  also  the  casein  the  eastern  exposures  in  Virginia.  Along  the 
Greenbrier  River  there  are  certain  red  beds,  underlying  the 
limestone  in  question,  and  resting  on  the  coal-bearing  member 
of  the  Vespertina  Professor  Wm.  B.  Rogers,  if  I  understand 
his  measurements  correctly,  places  these  in  his  Umbral,  or  No. 
XI,  as  hedoes  the  Lower  Carboniferous  Limestone,  here  exposed. 
There  are  two  objections  to  this,  I  think.  The  physical  charac- 
ter and  composition  of  these  red  beds  assign  them  more 
naturally  to  the  Vespertine  than  to  the  limestona 

Another,  and  more  important  objection  is,  that  if  the  lowest 
of  these  beds  be  made  the  base  of  the  Umbral,  then  the  great 
limestone  formation  mnst  be  considered  as  a  subordinate  mem- 
ber of  the  comparatively  restricted  Umbral  series.  For  these 
reasons,  I  include  the  beds  in  question,  in  the  Vespertine  series. 
The  Umbral  series  naturally  begins  at  the  top  or  the  "Lewis- 
burg,"  or  "  Lower  Carboniferous  Limestone,"  at  least  in  the 
Virginias. 

The  Vespertine  Strata  on  Oreenhrier  River. 

Commencing  at  the  fault  above  described,  which  occurs  a 
Kttle  west  of  Caldwell  Station,  on  the  Chesapeake  &  Ohio  R  R, 
and  about  six  miles  west  of  the  White  Sulphur,  we  find  on  the 
east  side  of  the  deep  channel  cut  by  a  small  stream,  highly  con- 
torted, and  overturned,  strata  of  the  Catskill?,  while  on  the 
western  side,  and  only  100  yards  distant,  the  upper  red  beds  of 
the  Vespertine  are  seen  dipping  at  an  angle  of  only  three  or 
four  d^reee  eastward,  toward  the  contorted  strata.  These 
compose  the  base  of  the  high  hill  there  seen.  The  middle  and 
upper  portions  of  this  hill  are  composed  of  the  Lower  Carbon- 
iferous limestone,  into  which  the  red  strata  pass  gradually,  by 
several  alternations  of  red  marlite  and  limestone.  Passing 
west,  along  the  railroad,  the  cuttings  show  that  the  red  rocks 
rise  gradually  with  a  steepening  easterly  dip,  until  within  100 
yards  of  the  first  exposure  of  the  coal-bearing  or  middle  mem- 
ber of  the  Vespertine,  when  they  rise  suddenly,  at  an  angle 
of46^ 

These  strata  are  composed  almost  entirely  of  deep  red 
crumbling  marlites.  Some  insignificant  beds  of  flaggy,  reddish, 
and  gray  sandstones,  occur  in  the  passage  beds  near  the  base  of 
the  limestone^  and  toward  the  middle  of  the  seriea     Some  of 
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the  thin  flags  at  the  top  of  the  Bystem  show  beautiful  ripple 
marks.  Toward  the  base,  as  we  approach  the  coal-beanng 
member,  the  marlites  are  no  longer  oi  uniform  red  color,  but 
are  variegated  with  green  and  grayish  splotches.  The  prin- 
cipal portion  of  the  red  strata  much  resembles  some  of  the 
red  shales  of  the  supposed  Catskill,  which  will  be  described 
farther  on.     The  entire  thickness  is  by  estimate  260  feet 

This  red  upper  member  seems,  from  the  measurements  of 
Professor  Rogers,  to  thin  out  to  the  north.  As  remarked  above 
he  puts  it  with  the  Lewisburg  limestone,  which  is  probably  the 
equivalent  of  the  St  Louis  and  Chester  groups,  in  his  Umbral 
series. 

In  his  measurement  of  the  Umbral  in  Greenbrier  Mountain, 
near  Huntersville  in  Pocahontas  county,  he  puts  fifty  feet  of 
red  shales  under  the  limestone.  This  point  is  thirty  miles  north 
of  my  section. 

Still  farther  north,  on  the  Potomac,  near  Westemport,  Profes- 
sor Rogers  gives  no  red  beds  under  the  limestone,  but  shows 
that  fifteen  feet  of  red  shales  and  sandstone  occur  about  twenty 
feet  from  the  base,  which  is  composed  of  reddish  and  sandy 
gray  limestone. 

In  the  vicinity  of  the  Greenbrier  River,  as  above  mentioned, 
the  coal-bearing  portion  of  the  Vespertine  rises  boldly  from 
beneath  the  red  marlites,  and  forms  cliflFs  of  imposing  height 
near  the  railroad  bridge.  These  strata,  however,  do  not  attain 
a  sufficient  height  to  disclose  the  white  sandstones  and  con- 
glomerates, which  form  the  lower  member  of  the  Vespertine  in 
the  two  Virginias.  Across  the  river  they  soon  come  down 
with  a  westerly  dip,  and  disappear  under  the  limestone  to 
appear  no  more.  This  broad  anticlinal  seems  to  be  the  last 
important  undulation  afiecting  the  strata  in  a  westerly  direction, 
for  these  maintain  apparently  a  westerly  dip  nearly  to  the  Ohio 
River. 

In  my  article  on  the  "  Conglomerate  series  of  West  Virginia," 
published  in  the  numbers  of  this  Journal,  for  April  and  May, 
1876,  I  have  given  some  account  of  the  geology  of  the  country 
lying  in  that  direction. 

The  middle  member  of  the  Vespertine  as  disclosed  here, 
shows  at  its  top,  about  seventy  feet  of  rather  siliceous,  bluish 
gray  sandstones,  in  thin  beds,  and  of  very  firm  texture.  Under 
these  occur  about  forty  feet  of  thinly  bedded,  gray  flags,  which 
show  throughout  a  curious  distribution  of  carbonaceous  matter. 
Fully  fifty,  pretty  persistent,  thin  strings  of  carbonaceous 
material,  are  distributed  over  this  space,  being  usually  not 
more  than  an  inch  or  so  thick,  but  sometimes  suddenly  swelling 
out  to  the  thickness  of  nearly  a  foot  No  underclays  exist, 
and  all  the  material  was  plainly  derived  from  drifted  vegeta- 


Digitized  by  VjOOQIC 


W.  M,  Fontaine — Vespertine  Strata  of  Virginia,  45 

tion.  This  is  also  indicated  by  the  frequent  mixture  of  the 
carbon  with  the  substance  of  the  sandstones 

But  while  this  portion  of  the  field  seems  to  have  been  under 
water,  a  portion  of  the  neighboring  area  was  in  a  condition  to 
permit  the  development  of  a  considerable  coal  bed.  1  have 
reliable  information  that  some  two  and  a  half  miles  north  of 
this  point,  and  near  the  river,  a  coal  bed  exists  at  this  horizon. 
At  one  time  attempts  were  made  to  work  it,  but  the  coal  proved 
to  be  too  impure,  and  full  of  sulphur.  It  is  locally  about  four 
feet  thick.  This  is  the  coal  bed  mentioned  by  Professor 
Beyers,  as  existing  on  the  river  near  Lewisburg. 

Beneath  the  above  mentioned  carbonaceous  portion,  come 
120  feet  of  Arm  gray,  and  brownish  sandstones,  and  then  forty 
feet  of  very  flaggy,  gray,  soft  sandstones  and  shales,  with  some 
layers  of  fissile  black  shale,  containing  indistinct  vegetable  im- 
pressions, mostly  leaves  of  Lepidodendra.  The  lowest  rock 
seen  shows  about  twenty  feet  of  dark  gray,  compact,  fine 
grained  sandstone,  full  of  specks  of  pyrites,  and  containing  in 
nests  and  pockets  of  yellow  ochre  poorly  preserved  impressions 
of  sheila  The  entire  thickness,  here  shown,  of  the  middle 
member,  is  by  estimate  about  290  feet. 

Professor  Kogers  shows  that  farther  north,  where  the  Vesper- 
tine forms  a  portion  of  the  mass  of  the  Alleghany  Mountains, 
this  member  shows  pretty  much  the  same  features,  but  that  the 
amount  of  coal  is  much  smaller,  since  it  appears  only  in  occa- 
sional thin  strings  of  very  small  lateral  extent 

Vespertine  Strata  near  Lewie  Tunnel 

Twelve  miles  east  of  the  last  mentioned  locality  we  find  the 
Vespertine  rocks  disposed  in  a  narrow  belt  along  the  east  side 
of  the  Alleghany  Mountains.  The  Chesapeake  &  Ohio  Eailroad 
issues  from  this  mountain,  on  the  east  side,  in  a  deep  cut  made 
in  Chemung  strata,  which  dip  about  75*^  southeast  Passing 
along  the  railroad  eastward,  we  enter  first  the  strata  intermediate 
between  the  Chemung  and  Vespertine,  which  are  probably 
Catskill,  and  after  passing  through  these,  see  the  lowest  beds  of 
the  Vespertine,  coming  next  in  order.  The  dip  flattens  down 
rapidly  in  going  east,  until  in  the  Vespenine  strata  it  is  not 
more  than  25**. 

The  Chemung  here  is  much  like  that  of  New  York.  Alter- 
nations of  flaggv  sandstones  and  shales,  weathering  olive  brown 
in  color,  form  the  principal  portion  of  the  mass.  Toward  the 
top,  rather  massive,  dull  grajr,  and  dingy  brown  sandstones 
occur,  with  some  portions  containing  pebbles  as  large  as  a  garden 
pea.  Thin  layers,  crowded  with  impressions  of  shells,  occur  at 
intervals,  bein^  found  even  in  the  coarse  sandstones.  The 
highest  strata  showing  Chemung  fossils,  are  these  coarse  sand- 
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stones;  succeeding  them,  the  rocks  show  a  decided  change,  and 
in  this  portion,  the  Catskill  beds,  if  thej  exist  at  all  here,  must 
be  found.  The  following  is  a  section  of  them,  with  the  thick- 
ness estimated  in  part  (1.)  120  feet  of  alternations  of  deep 
red  marlites,  and  thick-bedded,  rather  argillaceous,  reddish- 
brown  sandstonea  The  sandstones  and  marlites  are  in  about 
equal  proportions.  (2.)  Seventy  feet  of  dark  red  marlites,  in- 
terstratified  with  ochreous  sandstones  of  very  argillaceous  char- 
acter, and  showing  balls  and  nests  of  brown  hematite,  arising 
from  balls  of  pyrites.  The  sandstones  when  fresh  are  of  duu 
brown  color,  but  in  weathering,  assume  yellowish-brown  hues, 
in  spots  and  patches.  (3.)  For  160  feet  the  ground  is  not  well 
exposed,  yet  appears  to  be  occupied  by  strata  like  the  last,  with 
a  greater  predominance  of  the  sandstone.  In  (2),  the  marlites 
are  confined  to  the  lower  portion  next  to  (1).  These  three 
members,  possessing  a  thickness  of  840  feet,  in  which  ferrugi- 
nous matter  abounds,  are  in  all  probability  of  Catskill  age,  but 
as  they,  so  far  as  I  know,  contain  no  fossils,  the  question  cannot 
be  answered  with  certainty.  These  are  succeeded  by  about  600 
feet  of  flaggy  sandstones,  with  interstratifications  of  shales,  all 
when  fresh  dingy  yellow,  or  brownish  gray,  but  weathering  to 
a  dull  brown  color.  These  strata  are  of  still  more  problemati- 
cal age.  As  however  in  the  eastern  exposures,  the  Vespertine 
lower  member  seems  to  thicken  at  their  expense,  I  include  them 
with  it  The  junction  of  these  beds  with  the  lowest  undoubted 
Vespertine  strata,  is  here  concealed  by  slides,  as  is  partially,  a 
considerable  portion  of  their  upper  member. 

Above  the  highest  of  these  beds  we  have  a  decided  change 
in  the  character  of  the  deposits^  and  here  I  place  the  base  of 
the  Vespertina  This  rocK  is  a  white,  pebbly,  highly  siliceous 
sandstone,  in  the  lowest  portion  seen.  Its  base  is  not  exposed 
here.  The  pebbles  are  mostly  small,  but  some  of  them  attain 
the  dimensions  of  half  an  inch.  The  great  mass  of  the  rock, 
especially  the  middle  and  upper  portions,  is  a  coarse  sandstone 
of  impure  white  color,  becoming  somewhat  argillaceous  at  the 
top.  The  thickness  seen  was  about  sixty  feet  This  rock,  it 
will  be  remembered,  was  not  brought  up  at  the  place  examined 
on  Greenbrier  River. 

This  is  one  of  the  most  persistent  and  highly  charaoteristic 
members  of  the  Vespertine.  Though  always  containing  con- 
glomerate bands,  and  marked  by  its  siliceous  character,  it 
shows  considerable  changes  in  thickness,  and  the  coarseness  of 
it3  texture.  Along  the  Greenbrier  River  the  conglomerate 
portion,  when  exposed,  often  shows  pebbles  an  inch  m  diame- 
ter. Professor  Biogers  mentions  an  exposure  near  Huntersville 
where  the  pebbles  are  even  two  inches  in  diameter. 

Next  above  the  sandstone  member  at  Lewis  Tunnel,  we  find 
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tbe  middle  member  as  on  the  Greenbrier  Biver,  containing  gray 
fli^  with  coiU.  It  ia  here  f  ally  exposed,  and  is  by  estimate 
about  860  feet  thick. 

The  base  is  composed  of  forty  feet  of  amllaceoas,  tfaick« 
bedded  sandstones  of  a  dull  yellowish  gray  color,  succeeded  by 
twenty  feet  of  firm  olive  colored  sandstones.  Some  one  or  two 
thin  films  of  coal  occur  in  the  first  named,  associated  with  black 
shale.  The  second  stratum  brings  us  to  about  the  horizon  of 
the  lowest  rocks  seen  on  Greenbrier  River.  The  succeeding 
strata  here  are  in  the  main  much  like  those  west  of  the  White 
Sulphur,  being  mainly  gray  flags.  About  fifty  feet  above  the 
last  mentioned  stratum  we  find  a  true  coal  system,  showing 
underclays  with  rootlets.  The  following  is  a  section  of  it, 
beginning  at  the  base : 

1.  Bluish-black,  sandy  shales,  5  feet.     8.  Fire  clay,  12  inches. 

2.  Fire  clay,  6  inches.  9.  Coal,  1-2  inches. 
8.  Coal,  8  inches.                                  10.  Fire  clay,  6  feet 

4.  Brown,  flaggy  sandstones,  8  feet.  11.  Slaty  coal,  6-6  inches. 

5.  Slaty  coal,  6  mches.  12.  Sandstone,  3  feet 

6.  Black  shale,  12  inches.  18.  Black  sandy  slate,  15  ft 

7.  Gray  sandstone,  30  feet 

Na  7  contains  films  and  streaks  of  coal  from  floated  vegetable 
matter.  No.  10  is  full  of  Pinnularia  rootlets.  No.  18  shows 
plainly  the  marks  of  considerable  erosion  of  the  underlying 
beds.  It  is  charged  with  carbonaceous  matter,  and  contains 
films  and  fragments  of  coal.  Indeed  there  are  evident  signs 
that  several  of  the  small  coal  beds  sufiered  considerably  from 
erosion,  before  the  deposition  of  the  overlying  strata.  The 
lower  part  of  No.  18,  for  some  four  or  five  leet,  contains  large 
angular  fragments  of  No.  1,  mixed  with  others  from  the  under- 
lying Devonian  brown  sandstones.  Some  of  the  fragments  are 
toree  or  four  inches  in  diameter.  With  the  exception  of  No.  1, 
all  the  black  shales  of  the  section  seem  to  be  composed  of 
material  derived  from  the  red  and  brown  Devonian  strata.  On 
losing  by  weathering  the  carbon  to  which  they  owe  their  black 
color,  they  assume  reddish  and  brown  hues. 

The  coals  are  really  two  in  number,  disposed  in  an  upper 
and  lower  double  bea,  about  thirty  feet  apart,  which  accords 
well  with  their  distribution  throughout  the  Vespertine  coal 
field.     The  material  is  very  impure,  slaty  and  full  of  sulphur. 

Over  No.  18  we  find  about  seventy -five  feet  of  firm  siliceous, 
rather  coarse,  bluish-gray  sandstones,  containing  fragments  of 
the  lower  coal-bearing  rocks,  with  drifted  stems  and  pieces  of 
coal.     Lewis  Tunnel  is  cut  in  these  rocks. 

Over  this  we  have  twenty  feet  of  gray  sandstone  of  firm 
texture,  graduating  into  ten  feet  of  firm  thin  bedded  shales, 
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black  when  fresh,  but  weathering  brown.  This  last  contains 
the  small  coal  bed  at  the  entrance  to  Lewis  Tunnel,  and  has 
aflforded  all  the  plant  impressions  found  there.  The  coal  is 
quite  local,  and  has  been  found  nowhere  else  so  far  as  I  know. 
This  horizon  however,  in  other  places,  often  yields  abundant 
plant  impressions. 

At  the  top  we  have  some  alternations  of  dark  shales,  with 
olive,  and  reddish  marlites  for  thirty  feet,  and  finally  red 
marlites.  No  limestone  was  seen  above  the  red  marlitea  The 
conditions  here  indicate  a  quieter  deposition  of  sediment  than 
that  which  took  place  near  Greenbrier  River,  for  there  the  firm 
gray  flags  are  succeeded  abruptly  by  the  marlites.  The  upper- 
most coal  bed  here  exposed  is,  at  its  thickest,  about  twelve 
inches,  but  soon  passes  mto  sbala 

We  find  from  the  above  data  that  in  this  section  the  Vesper- 
tine strata  may  be  divided  into  three  members. 

1.  A  lower  member,  characterized  by  siliceous  sandstones 
and  conglomerates.  Thickness  exposed,  sixty  feet  With  this 
should  probably  be  counted  500  feet  of  underlying,  more 
argillaceous  flags,  giving  a  total  of  560  feet 

2.  A  middle  member,  characterized  by  the  predominance  of 
gray  sandstones  containing  coal.     Thickness,  aoout  850  feet 

8.  An  upper  member,  consisting  almost  entirelv  of  red 
marlites,  and  having  a  thickness  of  about  250  feet  TKis  would 
give  the  entire  group  a  thickness  of  1,160  feet 

It  will  be  seen  that,  as  the  base  of  the  lower  member  is 
nowhere  exposed  in  this  region,  sixty  feet  cannot  be  taken  as 
its  entire  thickness.  I  am  of  the  opinion  that  it  is  considerably 
greater.  Professor  Rogers,  in  his  descriptions  of  the  Vesper- 
tine, nowhere  rives  any  descriptive  section  of  the  strata,  so  that 
we  are  left  in  doubt  as  to  what  stratum  he  assumes  as  its  base. 
It  is  plain  that  he  does  not  include  the  red  overlying  strata  in 
it ;  this  makes  it  difficult  to  use  his  measurements,  as  a  basis 
for  comparison.  He  gives  the  thickness  on  the  Potomac  near 
Westemport,  as  only  200  feet,  while  near  Lewisburg  he  says  it 
has  increased  to  800  feet  This  seems  in  any  event,  to  establish 
the  fact  of  a  considerable  thickening  to  the  south. 

[To  be  continued.] 
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Art.  VIL — On  the  production  of  Transparent  Metallic  Films  hy 
the  Electrical  Dismarge  in  exhausted  tubes;  by  Arthub  W. 
Wright,  Professor  of  Molecular  Physics  and  Chemistry, 
Yale  College. 

The  spectra  of  gases  contained  in  vacuum-tubes,  which  have 
been  prepared  by  the  use  of  the  mercury  pump,  usually  exhibit 
lines  caused  by  the  presence  of  the  vapor  of  this  metal.  In 
some  cases  this  is  no  disadvantage,  since  they  serve  as  conven- 
ient reference  points  in  fixing  the  position  of  the  other  lines  or 
bands  observed.  As  the  mercury  vapor  is  naturally  an  excel- 
lent conductor  of  electricity,  however,  there  is  often  reason  to 
suspect  that  its  presence  may  afTect  the  character  of  the  discharge 
somewhat,  and  its  removal  becomes  desirable.  In  some  recent 
experiments  by  the  writer  this  end  was  obtained  by  placing  in 
each  tube  a  few  pieces  of  clean  gold  foil  loosely  rolled  mto 
small  pellets.  As  this  metal  is  readily  amalgamated  it  will, 
after  a  time,  take  up  the  mercury  vapor,  causing  the  disap- 
pearance of  its  characteristic  lines  from  the  spectrum.  A  still 
better  method  is  to  wrap  a  small  piece  of  the  foil  about  the 
end  of  the  electrode,  or  to  attach  to  it  a  short  gold  wire.  The 
gold  will  be  volatilized  and  deposited  upon  the  walls  of  the 
tube  in  a  very  thin  layer,  thus  exposing  a  much  larger  surface 
to  the  action  of  the  mercury  vapor,  in  the  manner  described 
below. 

In  some  of  these  experiments  the  tube  under  examination 
was  so  placed  that  the  gold  lay  at  the  bottom  of  the  upper 
portion,  at  the  point  where  the  capillary  part  is  attached.  In 
this  position  it  was  exposed  to  the  action  of  the  more  intense 
discharge  through  the  narrow  part,  and  after  a  time  it  was 
found  that  a  lustrous  and  coherent  film  was  deposited  upon  the 
glass,  the  gold  having  evidently  been  volatilized  by  the  elec- 
tricity and  condensed  upon  the  walls  of  the  tube,  in  order  to 
study  more  conveniently  the  conditions  under  which  the  best 
efiFects  might  be  produced,  a  loose  roll  of  the  foil  was  placed  in 
the  middle  of  a  tube  about  five  millimeters  in  caliber,  having  a 
branch  near  one  end  for  the  purpose  of  withdrawing  the  air, 
and  with  platinum  electrodes  inserted  into  the  ends.  This  was 
exhausted  until  a  discharge  from  an  induction  coil  passed  read- 
ily, when  it  was  found  tnat  the  gold  was  speedily  deposited 
upon  the  tube  as  before,  and  bj  shaking  the  foil  along,  a  con- 
siderable area  was  covered  with  it  in  a  short  time.  It  appeared, 
even  under  the  microscope,  as  a  perfectly  continuous  film, 
forming  a  brilliant  mirror,  and  showing  the  characteristic  green 
Am.  Jour.  Sci.— Third  Sbribb,  Vol.  XIII,  No.  78.— Jah.,  1877. 
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color  by  transmitted  light  very  beautifully.  When  the  tube 
was  afterwards  rather  strongly  heated  the  gold  lost  its  mirror- 
like  surface  in  the  thinner  parts,  assuming  a  frosted  appearance, 
and  the  light  passed  through  it  had  a  fine  ruby  color,  conform- 
ing in  this  to  what  was  observed  by  Faraday  in  his  experiments 
on  the  relation  of  metals  to  light*  A  singularity  in  the  result 
was  the  fact  that  the  volatilization  occurred  only  at  that  end  of 
the  foil  which  was  made  a  negative  pole.  This  was  observed 
to  be  the  case  in  all  the  subsequent  experiments,  except  that 
in  one  or  two  instances  where  a  powerful  discharge  had  been 
maintained  for  a  considerable  time  a  very  slight  deposit  was 
observed  at  the  positive  end  also. 

As  the  matter  appeared  to  be  of  interest  with  respect  to  its 
furnishing  a  new  method  of  producing  transparent  metallic  films, 
the  investigation  was  extended  to  a  considerable  number  of 
metals.  Various  forms  of  tubes  were  employed  in  successive 
trials,  but  the  method  found  most  advantageous  was  the  fol- 
lowing: clean  tubes  of  white  glass,  about  fifteen  centimeters 
in  length,  and  with  a  caliber  of  from  four  to  six  millimeters, 
were  provided  in  the  middle  with  a  small  branch  tube  for 
attachment  to  the  pump.  In  the  ends  were  placed  the  elec- 
trodes formed  of  the  metals  to  be  examined.  These  were  gen- 
erally in  the  form  of  thin  wires  from  one-fourth  to  one-half  a 
millimeter  in  thickness.  About  one  centimeter  of  this  was 
enclosed  in  a  thin  glass  tube  about  three  centimeters  long, 
drawn  out  of  the  same  piece  as  the  main  tube,  and  made  so 
fine  at  the  end  as  just  to  receive  the  wire,  A  platinum  wire 
was  placed  in  the  other  end,  so  as  to  touch  the  first  wire,  and 
sealed  in.  This  was  then  carefully  sealed  into  the  end  of  the 
main  tube,  the  electrode  being  in  its  axis,  and  the  platinum 
wire  projecting.  It  was  necessary  to  cover  the  latter  thus  in  the 
intenor  to  prevent  its  giving  a  deposit  upon  the  tube  with  the 
metal  under  examination.  The  tube  was  now  exhausted  to  a 
tension  of  one  or  two  millimeters,  or  so  far  that,  when  the 
discharge  from  the  induction  coil  was  passed  through  it,  the 
glow  surrounding  the  negative  pole  filled  the  tube  along  the 
whole  extent  of  the  electrode.  After  the  coil  had  been  put  in 
operation  for  a  few  minutes  a  deposit  was  formed  upon  the 
glass,  appearing  at  first  as  a  mere  darkening  or  discoloration, 
which,  gradually  becoming  deeper,  finally  began  to  show  metallic 
luster,  while  still  suffering  the  light  to  pass  freely.  In  almost 
all  cases  it  covered  the  whole  area  of  the  glass  opposite  the 
electrode,  but  did  not  extend  much  beyond  it  After  the  film 
was  suflBciently  developed  the  small  branch  was  closed  with  a 
gas  flame,  the  tube  drawn  off,  and  sealed.  * 

*  Experimental  Researchee  in  Chemistry  and  Physics. 
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For  metals  readily  oxidized  it  was  necessary  to  fill  the  tubes 
with  some  gas  which  would  not  act  upon  the  deposit  formed,  as 
otherwise  it  was  impossible  to  obtain  good  results.  In  these 
cases  the  air  was  first  thoroughly  removed,  the  tube  filled  with 
pure  dry  hydrogen,  and  then  exhausted.  In  a  few  cases  the 
tubes  were  refilled  with  hydrogen  several  times  to  ensure  the 
complete  removal  of  the  oxygen.  The  perfection  of  the  film 
was  found  to  depend  also  in  some  measure  upon  the  steadii  ess 
of  the  electrical  action,  and  the  proper  regulation  of  the  power 
of  the  current  used.  When  the  Holtz  machine  was  employed 
as  a  source  of  electricity  no  effect  was  obtained  without  con- 
densers, and  with  them  the  discharge,  at  least  with  the  tension 
of  gas  used,  did  not  cx^cur  in  such  a  manner  as  to  yield  good 
results.  The  trifling  deposit  obtained  in  this  way  was  opposite 
the  positive  electrode,  rossibly  by  exhausting  the  tubes  so  as 
to  reach  a  much  lower  tension  the  electro-machine  might  be 
made  available,  but  the  induction  coil  is  both  efllcient  and  con- 
venient. 

With  a  gold  wire  one-third  of  a  millimeter  in  diameter  and 
four  centimeters  long,  an  exquisitely  beautiful  deposit  was 
formed  over  a  space  a  little  longer  than  the  wire.  The  first 
noticeable  effect  was  a  slight  discoloration  of  the  tube  by  the 
deposited  metal,  while  it  was  still  too  thin  to  show  the  metallic 
luster  by  reflected  light  The  tint  was  pinkish,  inclining  to 
violet,  resembling  that  at  the  more  refrangible  end  of  the  spec* 
trum.  As  the  nlm  increased,  the  tint  passed  through  blue, 
bluish-green,  and  finally,  when  of  sufficient  thickness,  it  ap- 
peared a  clear,  brilliant  green,  slightly  inclining  to  bluish- 
green.  By  reflected  light  the  film  has  a  splendid  luster,  and 
the  full  golden  color,  ft  thins  out  gradually  at  the  extremities, 
and  becomes  imperceptible  at  a  point  five  or  six  millimeters 
from  the  end  of  the  wire,  with  the  same  gradation  of  tints  as 
was  observed  in  its  formation.  The  metallic  reflection  fades 
out  in  a  similar  manner,  but  ceases  before  the  coloration. 

With  silver  wire  of  about  the  same  dimensions,  the  coating 
upon  the  tube  was  scarcely  less  beautiful  and  perfect.  The  fuU 
luster  was  developed  gradually,  and  the  light  transmitted  by  the 
completed  film  is  a  pure,  deep  blue.  Copper  gives  a  fine  lus- 
trous mirror,  appearing  dull  green  by  transmitted  light  It  is 
volatilized  witn  more  difficulty  than  the  preceding  metals. 
Bismuth  on  the  other  hand  is  obtained  in  a  thin  film  with  ex- 
treme ease,  a  battery  of  three  small  Grove  cells  with  a  coil 
giving  a  half  inch  spark  producing  the  desired  result  in  two  or 
three  minutes.  The  film  is  very  transparent,  and  has  a  color 
such  as  would  be  produced  by  mixing  a  clear  blue  with  a  pure 
gray  or  neutral  tint  The  metallic  layer  is  remarkably  uniform, 
and  of  great  beauty,  possessing  a  brilliant  luster  by  reflected 
light 
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PlatiDum  is  volatilized  with  comparative  ease,  especiallj  ia 
a  narrow  tuba  Its  deposition  on  tne  glass  in  this  way  is  a 
familiar  occurrence,  as  lew  of  the  common  vacuum-tubes  which 
have  been  subjected  to  the  action  of  the  induction  coil  for  a 
long  time  fail  to  show  the  effect  In  a  small  tube  the  layer  is 
very  bright,  and  is  easily  made  thick  enough  to  be  quite  opaqua 
When  sufficiently  thin,  it  transmits  light  of  a  gray  color,  with 
a  slight  bluish  tinge.  Palladium  also  is  deposited  in  a  thin 
layer  without  difficulty,  and  appears  of  a  smoky  brown  color 
bv  transmitted  light  Lead  forms  a  verj^  even  film,  with  the 
characteristic  color  of  the  metal,  though  it  has  but  a  compara- 
tively feeble  luster.  It  has  a  high  degree  of  transparency, 
appearing  of  a  smoky-brown  color,  inclining  to  an  olive  tint 
when  very  thin.  Thorough  exclusion  of  the  oxygen  and  vapor 
of  water  is  necessary  to  the  successful  formation  and  preser- 
vation of  the  film,  as  when  exposed  to  the  air  or  moisture  it  is 
destroyed  by  oxidation  in  a  very  few  minutes. 

Zinc  and  cadmium  yielded  brilliant  mirrors,  with  a  white, 
silvery  luster,  and  appearing  deep  grayish -blue  by  transmitted 
light,  with  a  barely  noticeable  inclination  to  purpla  It  is  less 
deep  in  tint  than  the  light  passed  through  silver,  but  deeper 
than  that  from  bismuth.  There  was  no  perceptible  difference 
between  the  two  metals,  unless  it  were  a  slightly  greater  intens- 
ity of  the  coloration  in  the  case  of  the  zinc. 

Aluminum  was  volatilized  with  considerable  difficulty,  re- 
quiring five  or  six  cells  and  a  powerful  coil.  It  formed  a 
mirror-like  film,  which  by  transmitted  light  had  a  brownish 
color,  but  the  result  was  not  entirely  satismctory.  Magnesium 
yielded  even  less  readily,  and  showed  no  effect  at  all  when  tried 
with  the  means  which  had  given  good  results  in  the  other  cases. 
It  was  necessary  to  reduce  the  electrode  to  a  very  fine  wire,  and 
this  was  enclosed  in  a  tube  of  only  S'5  millimeters  caliber.  The 
larger  coil  was  used,  and  the  power  of  the  batterv  gradually 
increased  to  six  Grove  cells.  Not  the  slightest  effect  was  pro- 
duced when  a  smaller  number  was  employed,  but  after  the  ap- 
plication of  this  power  for  a  few  minutes,  the  electrode  was  sud- 
denly surroundea  by  a  burst  of  green  light,  and  the  deposit  was 
formed  almost  instantly  upon  the  glass,  It  had  a  brilliant  lus- 
ter, and  when  the  light  was  seen  through  it,  a  grayish-blue  color 
similar  to  that  of  zinc  or  cadmium,  but  less  clear. 

Tin  did  not  give  very  satisfactory  results,  as  when  the  elec- 
trode was  made  small  enough  for  the  purpose  it  was  difficult  to 
avoid  fusing  it  The  film  when  obtained  was  not  as  fine  as 
those  produced  with  the  other  metals  mentioned,  but  had  in  some 
parts  a  silvery  metallic  luster,  and  was  sufficient  to  show  that 
when  seen  by  transmitted  light  the  metal  appears  of  a  brownish 
gray  or  sepia  tint 
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Interesting  results  were  obtained  with  iron,  which  gave  a 
very  beautiful  and  perfect  film,  having  a  brilliant  luster,  and  a 
high  degree  of  transparency.  The  light  transmitted  by  it  is 
very  nearly  of  a  pure  neutral  tint,  though  with  a  faint  tinge  of 
brownish.  The  electrode  was  a  wire  O'S  millimeter  in  diameter. 
This  was  carefully  cleaned,  and  the  tube  filled  with  dry  hy- 
drogen three  times  before  the  final  exhaustion.  Without  this 
precaution  it  is  impossible  to  obtain  reliable  results,  as  the 
metal  is  partially  oxidized,  and  the  film  not  only  stained,  but 
its  color  oy  transmitted  light  changed  to  brown,  or  even  to 
deep  orange-yellow.  This  was  the  color  exhibited  by  the  film 
obtained  in  the  first  trial,  in  which  the  tube  was  filled  with  air. 
Externally  it  exhibited  a  vivid  iridescence,  in  various  colors, 
but  at  the  extremities  of  the  deposit  the  metal  had  its  proper 
luster.  Subsequent  trials  in  which  the  tube  was  once  filled 
with  hydrogen  gave  better  results,  but  the  yellow  tint  and  the 
iridescence  did  not  disappear  until  the  thorough  removal  of  the 
oxygen  and  moisture,  as  described. 

For  those  metals  which  are  not  readily  obtained  in  the  form 
of  thin  wires,  a  modification  of  the  process  was  employed,  as 
follows:  a  tube  open  upon  one  side  was  made  by  softening  the 
end  of  a  glass  tube  in  a  gas  fiame  and  drawing  out  one  edge 
with  another  piece  of  glass.  A  trough  was  thus  formed,  at 
first  shallow  but  growing  deeper  and  deeper  as  the  whole  edge 
began  to  be  drawn  upon,  and  by  properly  adjusting  the  heat 
applied,  it  could  be  made  as  fine  as  desired.  A  tube  of  this 
kind  from  half  a  millimeter  to  a  millimeter  in  diameter  with  a 
platinum  wire  inserted  in  the  closed  end,  and  with  the  open 
end  evenly  and  firmly  packed  with  filings  or  powder  of  the 
substance  to  be  examined  formed  the  electrode,  which  was 
used  in  the  ordinary  way. 

Nickel  and  cobalt  were  experimented  upon  by  this  method, 
and  films  obtained,  but  as  the  removal  of  the  oxygen  was  not 
sufficiently  complete  they  were  less  perfect  than  those  produced 
fix)m  the  other  metals,  though  sufficient  to  show  that  the  color 
by  transmitted  light  is  gray  or  brownish  gray.  Tellurium 
employed  in  the  same  way  afforded  a  very  brilliant  layer,  which 
gave  to  the  light  seen  through  it  a  dull  purple  color. 

At  the  suggestion  of  Prof.  Dana  an  experiment  was  made 
with  magnetic  oxide  of  iron,  native  magnetite  in  powder  being 
employed  with  one  of  the  small  troughs.  It  was  volatilized 
with  difficulty,  but  apparently  without  decomposition,  and 
formed  a  somewhat  lustrous  film,  appearing  gray-brown  by 
transmitted  light  The  result  is  of  interest  with  reference  to 
the  occurrence  of  thin,  somewhat  transparent  layers  of  this 
substance  in  certain  micas,  where  it  has  the  same  color  as  that 
observed  in  this  experiment. 
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In  Faraday's  experiments  deposits  of  several  diflTerent  metals 
upon  plates  of  glass  or  other  materials  were  obtained  by  passing 
tbe  spark  from  a  Leyden  battery  between  the  points  of  wires 
near  the  plates  in  an  atmosphere  of  hydrogen.  Films  so  ob- 
tained are  more  or  less  irregular,  and  he  describes  them  as 
apparently  not  entirely  continuous.  Those  formed  by  the 
method  here  described,  however,  are  generally  very  uniform 
and  coherent,  and  even  under  the  microscope  appear  to  be  per- 
fectly continuous.  For  a  study  of  the  optical  properties  of  the 
metals  they  can  be  formed  upon  narrow  slips  oi  plane  plaas 
introduced  into  the  tubes  by  the  side  of  the  etectrooe.  Simple 
examination  of  the  tubes  with  a  NicoVs  prism  shows  that  these 
films,  at  least  in  the  case  of  gold,  silver,  iron,  zinc  and  cadmi- 
um, which  have  been  tried  by  the  writer,  polarize  the  light 
transmitted  by  them  powerfully,  and  the  degree  of  polarization 
appears  to  increase  with  the  incident  angle  as  far  as  observa- 
tion can  be  conveniently  carried,  which  implies  a  very  high 
refractive  index.  It  mieht  be  expected  that  the  light  should 
be  elliptically  polarized,  but  this  point  was  not  determined,  and 
the  optical  properties  of  the  films  remain  for  further  study. 

With  respect  to  the  relative  energy  of  electrical  action  neces- 
sary to  volatilize  the  different  metals  the  observations  were 
hardly  precise  enough  to  warrant  the  statement  of  a  definite 
law.  Bismuth  was  volatilized  most  readily  of  all,  gold  and 
silver  with  but  slightly  less  facility.  Platinum,  palladium, 
lead,  tin,  zinc  and  cadmium  yield  less  readily,  while  copper, 
iron,  nickel  and  cobalt  require  a  rather  intense  discharge  and 
are  volatilized  with  some  difficulty.  Aluminum  requires  an 
energetic  electrical  action  exerted  for  a  long  time,  and  the 
electrode  must  be  a  quite  fine  wire.  Magnesium  is  acted  upon 
still  less  readily,  and  is  by  far  the  most  difficult,  of  all  the 
metals  tried,  to  be  obtained  in  the  state  of  a  thin  layer.  Suc- 
cess was  attained  by  the  use  of  an  energetic  battery  of  five  or 
six  Grove  cells,  witn  a  coil  capable  of  giving  two-inch  sparks, 
the  electrode  being  a  wire  cut  from  a  thin  ribbon  of  the  metal 
and  not  more  than  one-fifth  of  a  millimeter  in  thickness. 
Even  then  no  effect  was  produced  till  this  was  enclosed  in  a 
very  narrow  tube  by  which  the  electrical  action  was  concen- 
trated. The  electrode  itself  appeared  bright  green,  showing 
that  the  discharge  did  act  upon  the  metal,  forming  a  thin 
envelope  of  vapor  about  it,  which  did  not  reach  the  glass  how- 
ever until  the  power  of  the  current  was  increased  and  the  size 
of  the  tube  considerably  diminished.  It  will  be  seen  that  the 
heavy  metals,  that  is,  those  with  high  atomic  weights,  are  most 
readily  volatilized,  while  those  with  smaller  atomic  weights 
oppose  great  resistance  to  the  electrical  action,  and  those  with 
medium  weights  occupy  an  intermediate  position;    but  the 
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fusibility,  tenacity,  and  electrical  conductivity  also  appear  to 
exert  some  influence  as  to  the  place  of  the  different  metals  in 
the  list. 

It  may  be  observed  also  that  'where  it  is  desirable  to  avoid 
discoloration  of  vacuum-tubes  by  the  metallic  deposit,  this  can 
be  eflfecied  by  making  the  electrode  within  the  tube  of  alum- 
inum or  magnesium,  the  interior  portion  of  the  platinum  wire 
which  passes  through  the  glass  oeing  itself  covered  with  a 
small  glass  tube.  Of  the  two  metals  magnesium  is  the  best,  as 
a  wire  half  a  millimeter  in  diameter  would  not  be  at  all  affected 
by  discharges  of  the  intensity  ordinarily  used  with  vacuum- 
tubes,  nor  would  it  be  so  easily  fused  or  rendered  red  hot  as  a 
wire  of  platinum.  Of  course  these  metals  could  only  be  u^ed 
with  gases  which  would  have  no  chemical  action  upon  them. 

Yale  College,  December  13,  18*76. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistky  and  Physics. 

1.  On  the  so-called  Crystallized  Boron. — Hahpb  has  prepared 
and  submitted  to  careful  examination  both  of  the  forms  of  the 
so-called  crystallized  boron,  the  black  and  the  yellow,  and  finds 
that  neither  is  pure  boron,  both  being  compounds  of  this  substance. 
For  the  preparation  of  the  black  variety,  200  to  400  grams  of 
fused  coarsely  pulverized  boric  acid  was  placed  in  an  English  clay 
crucible,  a  piece  of  aluminum  wei^hin^  1 00  to  200  grams  was 
laid  upon  it  and  covered  with  bone  acid,  and  then  the  cover  of 
the  crucible  was  luted  on  with  clay.  The  whole  was  enclosed  in 
a  Hessian  crucible,  the  space  between  the  two  being  filled  with 
quartz  sand.  The  secret  of  the  production  of  the  black  crystals 
consists  in  the  absence  of  carbon  in  the  crucible.  The  fusion 
was  effected  in  a  melting  furnace,  the  fuel  used  being  coke,  and 
the  time  of  heating  three  hours.  By  closing  the  draft  almost 
completely,  the  cooling  took  place  very  slowly,  requiring  from 
12  to  18  hours;  the  crystals  being  increased  in  size  proportionally. 
On  breaking  the  inner  crucible  when  cold,  the  upper  layer  of  the 
fused  mass  was  glassy  and  consisted  of  aluminum  borate.  Within 
this  was  a  thin  dense  very  hard  layer  of  pure  alumina,  which  sur- 
rounded the  re^ulus.  The  free  surface  of  the  metal  as  well  as 
the  cavities  in  it  were  covered  with  magnificent  black  crystals, 
which  were  obtained  on  solution  of  the  aluminum,  accompanied 
by  red  hexagonal  plates  of  the  aluminum  borioe  of  Wdhler  and 
chocolate-brown  crystals  of  silicon.  The  yield  was  smaU,  only 
2*5  to  3  grams  heme  obtained  from  100  grams  aluminum,  one 
gram  of  which  proved  completely  pure.  Various  other  methods 
of  preparation  were  tried ;  out  the  yield  was  less  in  every  case. 
The  crystals  are  monoclinic  prisms,  have  a  brilliant  metallic  luster, 
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are  black  in  tbick  but  dark  red  in  tbin  layers,  become  blued  like 
steel  wben  beated  in  the  air  tbongh  not  combustible  when  heated 
in  a  stream  of  oxygeq.  Their  baroness  is  between  9  and  10,  their 
density  2*5345.  Concentrated  hot  nitric  acid  dissolves  them 
slowly,  fused  potash  and  lead  chromate  rapidly.  On  analysia 
they  yielded  17*30  per  cent  of  aluminum  and  82*70  per  cent  of 
boron,  corresponding  to  the  formula  AlB .  g .  The  yellow  quadratic 
crystals  were  obtained  by  effecting  the  fusion  in  carbon  crucibles  ; 
one  meltins,  which  was  on  a  large  scale,  yielding  6*528  grans s 
pure  ci-ystaTs,  on  some  of  which  the  octahedral  edges  were  4  mm. 
long.  They  are  honey-yellow  in  color,  very  brittle,  harder  than 
corundum  and  nearly  as  hard  as  the  diamond,  and  have  a  density 
of  2-615.  On  analysis  they  gave  as  a  mean:  Aluminum  13*15, 
iron  0*24,  copper  0*04,  carbon  3*76,  boron  ^by  difference)  82*81 ; 
corresponding  to  the  formula  Cj  AI3B4  g.  All  attempts  to  prepare 
pure  boron  crystallized  were  fruitless.  The  author  is  now  exam- 
ining the  so-called  amorphous  boron  in  this  direction. — Liebig*s 
Annalen^  clxxxiii,  75,  Oct.,  1876.  g.  p.  b. 

2.  On  the  Constitution  of  the  Phosphates, — Bbrthelot  and 
liOUGUiNiNK  have  made  a  thermic  research  on  phosphoric  acid 
with  a  view  to  determine  its  basicity.  They  studied  the  heat- 
changes  characterizing  the  union  of  this  acid  with  two  widely- 
different  bases,  ammonia  and  barvta,  and  those  produced  by 
water  and  by  various  acids  of  different  energy  upon  the  three 
classes  of  phosphates.  To  these,  they  added  alkalimetrical 
evidence.  The  conclusion  which  they  reach  is  that  the  three 
equivalents  of  base,  successively  united  to  phosphoric  acid,  are 
thus  united  with  very  different  values ;  the  first  equivalent  being 
comparable  to  that  of  the  nitrates  or  alkali  chlorides,  the  second 
to  that  of  the  carbonates  and  borates,  and  the  third  to  that  of 
the  alkali  alcoholates.  When  for  example,  phosphoric  acid  and 
soda  unite,  the  union  of  the  first  equivalent  of  the  base  evolves 
14*7  calories,  the  second  11*6  calories  and  the  third  7*3  calories; 
while  in  the  case  of  a  true  tribasic  acid  like  citric,  the  quantity  of 
heat  is  constant  for  each  equivalent,  being  in  this  case  12*7 
oaloriea  In  the  case  of  ammonia,  no  heat  at  all  is  evolved  on 
adding  the  third  equivalent,  and  hence  no  triammonium  phosphate 
exists.  In  view  of  the  results  obtained,  the  authors  say  that 
phosphoric  acid  cannot  be  a  tribasic  acid,  at  least  in  the  same 
sense  as  citric  acid,  the  third  equivalent  of  base  being  separated 
even  by  dilution;  nor  can  it  be  a  dibasic  acid  like  sulphuric^ 
oxalic,  or  tartaric  acid,  since  the  second  equivalent  of  base  is  not 
neutralized  by  the  acid  and  is  entirely  separable  by  hydrochloric 
and  nitric  acids  and  even  partially  by  acetic.  Hence  they  regard 
it  as  an  example  in  inorganic  chemistry  of  what  in  organic  chem- 
istry are  called  monobasic  acids  with  a  mixed  function. — Ann. 
Chim,  Phys.j  V,  ix,  33,  Sept.,  1876.  g.  f.  b. 

3.  On  the  Critical  Point  of  Liquid  Carbon  Dioxide, — Hartley 
has  made  further  examinations  of  the  li(|uid  enclosures  in  minerals 
and  has  deteimined  with  care  the  critical  point  of  temperature 
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for  a  large  number  of  those  oompoeed  of  liquid  carbon  dioxide. 
Curiously  enough  this  point  was  found  to  vary  considerably :  In 
topaz,  in  three  specimens,  the  critical  point  was  28*5^,  26'b^  to  28^, 
and  27'6°  to  27-6  C. ;  in  two  specimens  of  tourmaline,  from  America, 
it  was  27-27**  and  26*9°;  in  five  quartz  specimens,  it  was  80*96®, 
80-96**,  32-5^,  38-7**  and  29°;  in  a  beryl  from  Lurat,  it  was  80-92*; 
in  three  oriental  sapphires,  30-6*  to  31*,  26*6°  to  26°,  and  29*6®. 
The  author  explains  this  lowering  of  the  critical  point  by  the  fact 
observed  by  Andrews  that  this  effect  is  produced  by  the  presence 
of  an  incondensable  gas,  perhaps  nitrogen.  The  raising  of  the 
critical  point  appears  to  him  to  be  due  to  hydrochloric  acid  gas. 
The  facts  observed  seem  to  the  author  to  have  a  bearing  on  the 
question  of  the  formation  of  some  of  these  minerals,  and  he  sug- 
gests that  corundum  may  have  been  formed  by  the  action  of 
aluminum  chloride  or  fiuoride  upon  calcium  carbonate,  producing 
alumina  and  carbon  dioxide ;  the  latter  being  condensed,  would 
form  cavities  in  the  alumina  crystals  and  would  liquefy  on  cooling. 
If  the  reaction  were  dry,  the  cavity  would  contain  only  the  diox- 
ide ;  but  if  moisture  were  present,  it  would  contain  water  also. 
With  reference  to  the  diamond,  he  suggests  that  it  may  hsve 
been  formed  bv  the  action  of  reducing  agents  upon  very  highly 
compressed  carbon  dioxide  at  temperatures  above  its  critical  point. 
— J,  Chem,  SoCy  xxx,  237,  Sept.,  1876.  g.  f.  b. 

^.  On  the  Spectra  of  Indium, — Claydkn  and  Hbtcock  whUe 
observing  the  spark  spectra  of  the  metals,  in  the  Cavendish  Lab- 
oratory, Cambridge,  noticed  that  instead  of  the  three  lines  which 
are  ordinarily  supposed  to  constitute  the  spectrum  of  indium,  the 
spark  spectrum  really  contained  sixteen.  The  wave-lengths  of 
the  three  lines  are  given  by  Thal^n  as  45*^2,  4509  and  4101  tenth- 
meters.  The  second  and  third  only  of  these  lines  are  visible  in 
the  spark-spectrum.  The  wave-lengths  of  the  sixteen  lines  the 
authors  give  as  follows:  6906,  6193,  6114,  6095,  5922,  6905,  6862, 
6820,  5722,  5644,  6250,  4680,  4656,  4638,  4510,  and  4101  tenth- 
meters.  The  first  of  these  lines  is  remarkable  for  its  low  refrangi- 
bility,  only  potassium,  strontium  and  antimony  giving  lower  ones. 
The  wave-lengths  were  not  measured  directly  apparently,  but 
obtained  by  interpolation  from  the  scale  of  the  rour-prism  spectro- 
scope with  which  the  measurements  were  made. — PhiL  Mag,^  V, 
ii,  387,  Nov.,  1876.  g.  f.  b, 

6.  On  the  Prepanration  of  Hydroquinone. — Wbselskt  and 
ScHVLBB  have  discovered  a  new  and  comparatively  simple 
method  of  preparing  the  diatomic  phenol  of  the  ortho  or  1 : 2 
series,  hydroquinone.  If  nitrous  acid  vapors  be  conducted  into 
a  cooled  etherial  solution  of  phenol,  the  mass  is  filled  in  a  short 
time  with  crystals  of  diazophenol  nitrate.  This  salt  dissolved  in 
dilute  sulphuric  acid  (one  of  acid  and  two  of  water)  mixed  with 
alcohol  and  ether  added,  becomes  sulphate  which  by  precipitating 
with  barium  chloride  can  be  easily  be  converted  into  cnloride. 
These  salts  are  identical  with  those  prepared  by  Scfamitt  from  the 
non-volatile  mononitrophenol  of  fusing  point  110°.     If  now  an 
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aqueous  solution  of  one  of  the  above  salts,  preferably  the  sul- 
phate, containing  10  to  Id  per  cent  of  concentrated  sulphuric 
acid,  be  boiled  till  its  color  changes  to  a  dark  red,  and,  afterward 
be  extracted  with  ether,  the  ether  leaves  on  evaporation  crystal- 
line masses  which  on  sublimation  give  colorless  needles,  which 
dissolved  with  water  and  treated  with  ferric  chloride,  yielded 
magnificent  green  needles  having  a  metallic  luster.  This  sub- 
stance is  hydroquinone  and  the  yield  is  46*2  per  cent,  the  theo- 
retical being  60. — Ber.  Berl.  Chem.  Ge$.y  ix,  1169,  Sept.,  1876. 

G.  F.  R 

6.  On  Gelsemium  sempervirens. — Sonnbnschbin  has  examined 
the  root  of  the  wild  jasmine  and  has  isolated  its  alkaloid,  gelse- 
mine,  to  which  he  gives  the  formula  C , ,  H,  ^NO,.  The  substance 
called  bv  Wormley  gelseminic  acid,  he  finds  to  be  esculin. — Ber. 
Berl  Chem.  Qes.^  ix,  1182,  Sept ,  1876.  g.  f.  a 

7.  Kurze  aUgemeine  Eifileitung  zu  den  aromcUischen  Nitro-ver- 
bindungen  von  Pbtbb  Towns bnd  Austbn.  Pamphlet,  43  pages. 
Leipzig:  Winter,  1876. — ^This  little  work  possesses  a  peculiar 
interest,  as  it  is  the  attempt  of  an  American  to  produce  a  compre- 
hensive treatise  in  a  foreign  language  and  country.  The  manner 
in  which  Dr.  Austen  has  treated  this  class  of  organic  compounds 
differs  greatly  from  the  general  style  of  monographs,  and  is  cer- 
tainly practical  and  original.  The  work  is  intended  to  afford  all 
necessary  data  to  those  working  on  researches  involving  the  nitro- 
compounds. The  arrangement  is  such  that  the  facts  sought  for 
can  readily  be  found.  Ihe  style  of  the  book  is  clear  and  remark- 
ably concise. 

There  lb  no  doubt  but  that  similar  treatises  on  various  other 
groups  of  organic  compounds,  such  as  the  hydroxyl,  amids,  and 
many  others,  would  enormously  facilitate  the  labors  of  chemists 
engaged  on  original  research. 

The  book  is  dedicated  to  Prof.  A.  W.  Hofmann,  of  Berlin. 

8.  MarioUe^s  Law. — Prof.  MBNDsiisBFF,  at  the  Warsaw  meet- 
ing of  Russian  naturalists,  described  the  results  of  researches  he 
has  pursued  during  1 875  and  1876,  for  the  verification  of  Mariotte's 
law.  His  former  researches  had  proved  that  the  decrease  of  vol- 
ume of  the  permanent  gases  proceeds  at  a  slower  rate  than  the 
increase  of  pressure  exerted  on  them,  if  the  pressure  is  less  or 
much  greater  than  the  mean  pressure  of  the  atmosphere.  The 
experiments  of  Regnault,  made  with  air,  nitrogen,  etc.,  at  pres- 
sures higher  than  that  of  the  atmosphere  proved,  however,  di- 
rectly the  contrary,  and  a  series  of  measurements  undertaken  some 
years  ago  by  Prof.  Mendel6eff  to  verify  those  of  Regnault,  gave 
the  same  results.  Suspecting  that  there  might  be  some  cause  of 
error  affecting  in  the  same  way  both  series  of  experiments.  Prof. 
Mendel^eff  and  Mr.  Bogussky  constructed  special  apparatus  elim- 
inating all  possible  causes  of  errors  and  allowing  the  most  perfect 
accuracy  ot  measurements.  With  these  they  made  a  new  series 
of  researches,  at  pressures  varying  £rom  700  to  2,200  millimeters. 
These  researches  confirmed  again  the  conclusions  of  Regnault, 
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sbowing  only  numerical  differences  in  the  valnes  obtained,  and 
proving,  for  instance,  for  the  air,  that  its  deviations  irom  Mariotte's 
law  are  even  less  than  ap^ared  before.  But  the  most  important 
results  of  the  researches  is  that  the  divergences  from  Mariotte^s 
law  shown  by  the  air  being  negative  at  pressure  above  the  mean 
atmosphere,  as  was  observed  by  Regnaalt,  proved  to  be  positive 
(decrease  of  volume  slower  than  the  increase  of  pressure)  at  pres- 
sures below  it.  We  must  then  conclude  that  the  air  experiences 
a  change  of  compressibility  at  a  certain  pressure  above  the  mean 
of  that  of  the  atmosphere ;  and  this  conclusion  is  supported  by  the 
circumstance  that  such  a  change  was  noticed  also  m  the  carbonic 
and  sulphurous  acid  gases,  but  at  pressures  far  lower  than  is  the 
case  for  air.  Only  for  hydrogen  the  divergence  is  of  the  positive 
kind  at  all  pressures.  Altogether  we  must  conclude  that  the  de- 
viations from  Mariotte's  law  are  far  more  complicated  than  has 
been  suspected. — Nature^  xy,  70.  e.  c.  p. 

9.  Physical  Properties  of  QaUium. — M.  Lbooq  db  Boisbau- 
DBAN  has  recently  prepared  more  than  half  a  gram  of  pure  gallium. 
In  the  liquid  state  this  metal  is  of  a  beautiful  silverv  whiteness ; 
but  in  crystallizing  it  assumes  a  very  pronounced  oluish  tinge, 
and  its  luster  notably  diminishes.  Isolated  crystals  may  be  ob- 
tained which  are  based  octahedra.  The  melting  point  was  found 
to  be  30°'15,  which  was  unaltered  after  remaining  for  two  hours 
in  boiling  water.  It  was  therefore  certainly  free  from  potassium. 
It  was  next  kept  for  half  an  hour  in  nitno  acid  diluted  with  its 
volume  of  water.  The  loss  amounted  to  only  a  fraction  of  a  mil- 
ligram, and  the  point  of  frision  remained  unaltered.  The  calcu- 
lation of  M.  Mendel^eff  for  a  hypothetic  substance  which  seems 
to  correspond  to  gallium,  at  least  in  several  of  its  properties,  con- 
ducted to  the  number  5*9.  The  first  measurement  with  6  centi- 
grams gave  a  density  of  4*7  at  15**.  Later  observations  gave 
the  higher  results  of  5*5  to  6 '2.  Finally,  a  measurement  with  68 
centigrams  gave,  in  two  experiments,  5*90  and  6*97.  The  same 
gallium  was  afterwards  kept  during  half  an  hour  between  60°  and 
70**  in  nitric  acid  diluted  with  its  volume  of  water,  washed,  pretty 
strongly,  heated,  and,  finally,  solidified  in  dry  air.  Its  density  at 
24** '46  was  then  5-966. —  Comptes  Hendus,  Ixxxiii,  61 1,  Phil,  mag., 
ii,  398.  E.  a  p. 

10.  Plasticity  of  Ice. — Prof.  Bianconi,  of  Bologna,  in  1871, 
published  some  experiments  on  the  bending  and  torsion  of  bars 
and  planks  of  ice  {Mem.  Acad,  of  Bologna^  8d  ser.,  voL  L)  lliese 
show  that  ice  may  undergo  slow  changes  of  form  without  any 
crushing  or  regelation,  and  that  notwithstanding  its  brittleness  it 
possesses  a  slight  degree  of  plasticity.  Now  Prof.  Bianconi  gives 
the  results  of  rorther  experiments  on  ice,  much  like  those  of  Heim, 
or,  yet  more,  those  of  Mr.  Tresca  on  the  puncheoning  of  metala 
Granite  pebbles  and  iron  plates  are  slowly  pressed  into  ice  at  the 
same  temperatures,  and  not  only  do  they  penetrate  into  it  as  they 
would  penetrate  into  a  fiuid  or  semi-fiuid,  but  also  the  particles  of 
ice  are  laterally  repulsed  from  beneath  the  intruding  body,  and 
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form  around  it  a  rising  fringe.  Moreover,  when  a  flat  piece  of 
iron  is  pressed  into  the  ice,  the  fringe  rising  around  it  expands  lat- 
erally upon  the  borders  of  the  piece,  and  tends  thus,  as  in  fluids, 
to  All  up  the  cavity  made  by  the  body  driven  in.  These  experi- 
ments tend  thus  greatlv  to  illustrate  the  plasticity  of  ice ;  but  it 
would  be  very  desirable  that  Mr.  Bianconi  if  he  continues  his 
researches,  should  accompany  them  by  some  measurements  (as 
has  already  been  done  bj  Mr.  Heim),  in  order  to  obtain  numeri- 
cal values  of  the  plasticity  of  ice  under  various  circumstances. — 
Nature^  xv,  69;  Jour,  de  Phys.<,  v,  317.  e.  a  p. 

1 1.  Velocity  of  Electricity. — Dr.  Sabinb  has  devised  a  method 
of  measuring  the  contour  of  electric  waves  passing  through  tele- 
graph lines.  It  is  probable  that  in  this  sense  luone  electricity 
may  be  said  to  have  a  velocity.  The  early  experiments  on  the 
time  elapsing  between  starting  electricity  into  one  end  of  a  con- 
ductor and  receiving  it  at  the  other  end,  gave  totally  contradic- 
tory results.  This  interval  would  depend  on  the  electromotive 
force  employed,  the  resistance  and  capacity  of  the  conductor,  and 
the  sensitiveness  of  the  receiving  instrument.  It  would  theretbre 
by  no  means  be  proportionate  to  the  length.  By  the  following 
method  the  electrical  condition  of  any  point  of  the  line  may  be 
examined  quantitatively  at  intervals  of  '001  of  a  second  or  less 
after  starting  the  electric  imnulse.  It  thus  becomes  possible  to 
measure  the  form  and  speed  of  a  wave.  Suppose  one  end  JL  of  a 
conductor  ^  ^  is  placed  to  earth,  and  that  the  other  B  is  con- 
nected with  one  pole  of  a  battery  whose  second  pole  is  put  to 
earth.  Then  any  point  of  the  conductor  as  C  will  assume  a  po- 
tential which  will  DC  proportional  to  the  resistance  of  A  G.  This 
potential  may  be  measured  by  connecting  C  for  an  instant  with  a 
condenser  or  accumulator,  and  then  discharging  the  latter  through 
a  delicate  galvanometer.  When  the  circuit  is  first  closed  a  minute 
interval  of  time  is  required  before  C  will  attain  its  full  poten- 
tial measurements  made  of  the  relation  of  these  quantities  show 
the  form  of  the  electric  wave  passing  the  point  C.  The  only  me- 
chanical difficulty  is  to  construct  a  chronograph  which  will  allow 
C  to  be  connected  with  the  condenser,  a  small  but  accurately 
determined  time  after  A  is  connected  with  the  battery.  A  heavy 
wheel  of  brass  is  set  in  motion  by  a  steel  spring  so  that  it  shall 
revolve  exactly  twice  a  second.  The  interval  through  which  the 
spring  acts  being  always  the  same,  a  nearly  constant  velocity  is 
always  imparteoL  The  disc  is  divided  into  500  equal  parts.  A 
movable  index  serves  to  regulate  the  angle  through  which  the 
disk  turns  between  the  two  connections  to  be  recorded.  The  time 
of  revolution  of  the  disk  was  first  determined  by  noting  the  fig- 
ures read  in  succession  under  the  film  of  a  small  telescope,  when 
the  disk  was  illuminated  by  half-second  flashes  of  an  induction 
coil.  The  force  of  the  spring  and  the  position  of  the  trigger  re- 
leasing it  were  adjusted  until  the  right  velocity  was  obtained. 
Recently  a  condenser  was  discharged  through  a  known  resistance 
for  some  interval  indicated  by  the  disk,  and  the  time  calculated 
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accordine  to  the  leakage  formula,  from  the  initial  and  final  read- 
ings of  the  ffalvanometer.  If  the  two  do  not  agree,  the  spring  is 
altered  untilthey  do;  hut  its  action  is  found  to  be  very  constant 
and  not  to  need  alteration,  except  after  taking  the  apparatus  to 
pieces  for  alteration.  Several  series  of  experiments  are  given,  and 
the  results  show  the  delicacy  and  accuracy  of  the  method. — Phil. 
Mag.^  ii,  p.  321.  e.  c.  p. 

12.  Chemistry  and  Phytics  in  America.  Address  before  the 
American  Chemical  Society  at  its  session  on  the  IQth  of  last 
November^  by  Prof.  John  W.  Dbapbb,  its  President. — The  fol- 
lowing is  the  latter  half  of  the  able  address  of  Prof  Draper,  the 
whole  of  which  would  here  be  cited  if  space  allowed.  "  In  our 
own  special  science,  chemistry,  all  that  has  been  done  has  only 
served  to  extend  the  boundary  of  what  remains.  The  thousands 
of  analyses  that  have  been  made  have  brought  us  into  a  wilderness 
of  results.  We  have  not  been  able  to  rise  to  a  point  of  view  suf- 
ficiently high  to  discover  what  is  the  true  place  of  those  results  in 
nature.  We  try  to  represent  on  the  pages  of  our  books  and  on 
blackboards  formulas  of  the  constitution  of  things,  conscious  all 
the  time  that  these  are  at  the  best  only  convenient  fictions,  which 
most  necessarily  change  as  we  gain  a  more  perfect  insight  into 
that  grandest  of  all  problems,  the  distribution  of  Force  in  Space, 
and  the  variations  to  which  it  is  liable.  The  geometry  of  chemis- 
try is  that  of  three  dimensions,  not  of  two.  We  have  to  consider 
the  relation  of  points  not  situated  on  one  plane,  and  hence  it  is 
necessary  to  employ  three  axes  of  reference ;  nay,  even  more,  we 
cannot  avoid  the  conception  of  the  mathematical  method  of  qua- 
ternions. Our  inadequate  information  respecting  the  real  group- 
ing of  atoms  is  followed  as  a  necessary  consequence  by  imperfec- 
tion in  our  methods  of  nomenclature,  the  confusion  in  this  respect 
becoming,  as  we  all  too  well  know,  every  day  worse  and  worse. 

And  now  while  we  have  accomplished  only  a  most  imperfect 
examination  of  objects  that  we  find  on  the  earth,  see  how,  on  a 
sudden,  through  the  vista  that  has  been  opened  by  the  spectro- 
scope, what  a  prospect  lies  beyond  us  in  the  heavens !  I  often 
look  at  the  bright  yellow  ray  emitted  from  the  chromosphere  of 
the  sun,  by  that  unknown  element.  Helium,  as  the  astronomers 
have  ventured  to  call  it  It  seems  trembling  with  excitement  to 
tell  its  story,  and  how  many  unseen  companions  it  has.  And  if 
this  be  the  case  with  the  sun,  what  shall  we  sav  of  the  magnifi- 
cent hosts  of  the  stars  ?  May  not  every  one  of  them  have  special 
elements  of  its  own  ?  Is  not  each  a  chemical  laboratory  in  itself? 
Look  at  the  clusters  in  the  sword-handle  of  Perseus ;  in  Cassiopeia, 
a  universe  of  stars  on  a  ground  of  star  dust;  in  Hercules,  of 
which  as  astronomers  say,  no  one  can  look  at  for  the  first  time 
through  a  great  telescope  without  a  shout  of  wonder — ^the  most 
superb  spectacle  that  the  eye  of  man  can  witness !  Look  at  the 
double  stars  of  which  so  many  are  now  known,  emitting  their 
contrasting  rays,  garnet,  or  ruby,  or  emerald,  or  sap})hire.  Each 
b  in  accordance  with  its  own  special  physical  conditions,  though 
all  are  under  the  same  universal  ordinance. 
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Now  here  a  fiact  of  surpassing  importance  presses  itself  on  oar 
attention.  The  movements  taking  place  in  those  distant  bodies 
are  taking  place  under  the  same  laws  that  prevail  here  on  earth, 
and  in  our  solar  system.  The  law  of  gravitation,  as  developed 
by  Newton,  bears  sway  in  all  those  distant  worlds.  In  them 
bodies  attract  each  other  with  forces  directly  as  their  massto  and 
inversely  as  the  squares  of  their  distances.  There  the  laws  of  the 
emission,  absorption,  and  transmission  of  light  are  the  same  as 
they  are  with  us.  There  ignited  hydrogen  gives  forth  its  three 
rays,  the  same  rays  that  it  gives  forth  to  us.  In  the  uttermost 
parts  of  the  universe  the  law  of  definite  combination,  the  numeri- 
cal law,  and  the  multiple  law,  stand  good.  Sodium  absorbs  its 
two  waves  of  definite  refran^ibility,  and  iron  eives  in  the  spectra 
its  more  than  a  hundred  hues,  more  than  a  nundred  silent  but 
convincing  witnesses  of  the  uniformity  of  the  constitution  of  the 
universe.  There  the  number  of  vibrations  that  constitute  a  ray 
of  definite  refrangibility  is  the  same  we  have  found  it  to  be  here. 
In  the  enormous  heat  of  those  central  suns  the  dissociation  of 
molecules  may  be  of  a  higher  order  than  we  can  reach  artificially, 
but  the  law  under  which  it  takes  place  is  a  continuation  of  the 
law  here.  There,  though  the  weight  of  a  given  mass  of  matter  is 
different  from  what  it  is  with  us,  it  is  nevertheless  determined  by 
the  law  that  determines  here — ^the  law  of  gravitation.  There 
energy  is  indestructible,  and  is  measured  as  it  is  measured  among 
us,  by  work.  Then  is  there  any  boundary  that  we  can  assign  to 
natural  law — ^is  it  not  omnipresent,  universal  ? 

Perhaps  there  is  no  exaggeration  in  the  assertion — for  there 
seems  abundant  proof  of  its  truth— that  the  light  by  which  we 
see  some  of  those  distant  orbs  has  crossed  through  such  a  pro- 
digious space  that  millions  of  years  have  transpired  during  the 
journey.  Then  the  phenomena  it  brings  to  us  are  those  that  were 
engendered  in  the  beginning  of  the  vast  time  so  passed.  What- 
ever there  is  that  is  in  harmony  with  facts  now  happening  here,  is 
to  us  an  unimpeachable  evidence  that  the  laws  which  were  govern- 
ing in  those  old  a^es  have  undergone  no  depreciation,  but  are 
active  as  ever  until  now.  Then  shall  I  exaggerate  if  I  say  that 
these  laws  are  eternal  in  duration  ? 

Infinite  in  infiuence,  eternal  in  duration,  what  a  magnificent 
spectacle  ?  In  the  resistless  energy  of  the  motions  of  the  uni- 
verse is  there  not  omnipotence  ?  The  Omnipotent,  the  Infinite, 
the  Eternal,  to  what  ao  these  attributes  belong  ?  Shall  a  man 
who  stands  forth  to  vindicate  the  majesty  of  such  laws  be  blama- 
ble  in  your  sight?  Rather  shall  you  not  with  him  be  over- 
whelmed with  a  conception  so  stupendous  ?  And  yet  let  us  not 
forget  that  these  eternal  laws  of  nature  are  only  the  passing 
thoughts  of  God. 

But  grand  as  this  is,  there  is  something  still  grander.  There  is 
another  temple  into  which  we  have  to  pass,  not  that  of  the  visible 
but  that  of  the  invisible.  We  must  persist  in  the  invasion  we 
have  made,  in  the  revolution  we  have  brought  about  in  Physiol- 
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ogy.  We  have  to  determine  the  laws  which  preside  in  the  ner- 
Yous  system  of  man,  and  discover  the  nature  of  the  principle  that 
animates  it.  Is  there  not  something  profoundly  impressive  in  this, 
that  the  human  mind  can  look  irom  without  upon  itself^  as  one 
looks  at  his  phantom  image  in  a  mirror,  and  discern  its  own  linea- 
ments and  admire  its  own  movements.  My  own  thoughts  have 
of  late  years  been  forcibly  drawn  to  this,  from  a  recognition  that 
the  interpretation  by  the  mind  of  impressions  from  without  takes 
place  under  mathematical  laws,  as  for  instance,  that  when  exter- 
nal ethereal  vibrations  create  in  the  mind  a  certain  idea,  that 
same  idea  will  arise  when  the  vibrations  are  doubled,  or  tripled, 
or  quadrupled  in  frequency;  but  other  ideas  will  be  engendered 
by  vibrations  of  an  intermediate  rate.  Tet  what  these  ideas  will 
be  may  be  predicted.  It  is  true  that  this  is  only  an  optical  case, 
but  it  extends  the  view  that  has  been  offered  to  us  by  a  study  of 
the  structure  of  the  ear.  In  the  labyrinthine  compartment  of  that 
organ  the  ultimate  fibers  of  the  auditory  nerve  are  laid  on  the 
winding  plane  of  the  spiral  lamina,  in  ever-decreasing  lengths, 
each  capaole  of  trembling  to  the  sound  which  is  in  unison  with  it 
— a  mechanical  action  truly,  answering  to  the  sympathetic  vibra- 
tion with  which  the  strings  of  a  piano  will  respond  to  the  corre- 
sponding notes  of  a  flute — and  these  are  translated  by  the  mind 
into  all  the  utterances  of  articulate  speech,  all  the  harmonies  of 
music — speech  that  engenders  new  ideas  within  us,  strains  which, 
though  the^  may  die  away  in  the  air,  live  forever  in  the  memory. 
The  exquisite  delight  we  experience  in  listening  to  the  works  of 
our  sreat  composers  arises  thus  in  mechanical  movements,  which 
are  the  issue  of  mathematical  combinations.  The  unseen  world  is 
under  the  influence  of  number ! 

But  what  is  number  except  there  be  one  who  numbers  ?  When 
Pompey,  in  his  Syrian  war,  broke  into  the  holy  of  holies  at 
Jerusalem,  he  expressed,  as  Tacitus  tells  us,  his  astonishment  that 
there  was  no  image  of  a  Divinity  within ;  the  shrine  was  silent 
and  emptv.  And  so,  though  after  death  we  ma^  anatomize  and 
explore  the  inmost  recesses  of  the  brain,  the  vailed  Genius  that 
once  presided  there  has  eluded  us,  and  has  not  left  so  much  as  a 
phantom  trace,  a  shadow  of  himsel£ 

The  experiments  of  Galvani  and  Yolta  have  not  yet  reached 
their  conclusion ;  those  of  Faraday  and  Du  Bois  Reymond  have 
only  yielded  a  preliminary  suggestion  as  to  the  nervous  force 
Excepting  the  great  sympathetic  nerve,  the  nervous  fibers  them- 
selves are,  as  is  well-known,  of  two  classes— those  that  gather  the 
impressions  of  external  things  and  convey  them  to  the  nerve-cen- 
ters, and  those  that  transmit  the  dictates  of  the  will  from  within 
outwardly.  The  capabilities  of  one  of  the  former — the  apparatus 
for  sight — have  been  greatly  improved  by  various  optical  con- 
trivances, such  as  microscopes  and  telescopes,  an  earnest  of  what 
may  hereafter  be  done  as  respects  the  four  other  special  organs  of 
sense ;  and  as  concerns  the  second  class,  the  result  of  mental  ope- 
rations, the  resolves  of  the  will,  may  be  transmitted  with  greater 
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velocity  than  even  in  the  living  system  itself  and  that  across  vast 
terrestrial  distances,  or  even  beneath  the  sea.  Telegraphic  wires 
are,  strictly  speaking,  continuations  of  the  centrifdgal  nerves,  and 
we  are  not  without  reason  for  believing  that  it  is  the  same  influ- 
ence which  is  active  in  both  cases. 

In  a  scientific  point  of  view,  such  improvements  in  the  capabil- 
ities of  the  organs  for  receiving  external  impressions,  such  exten- 
sions to  the  distances  to  which  the  results  of  intellectual  acts  and 
the  dictates  of  the  will  may  be  conveyed,  constitute  a  true  devel- 
opment, an  evolution,  none  the  less  real  though  it  may  be  of  an 
artificial  kind.  If  we  reflect  carefully  on  these  things,  bearing  in 
mind  what  is  now  known  of  the  course  of  development  in  the  ani- 
mal series,  we  shall  not  fail  to  remark  what  a  singular  interest 
gathers  round  these  artificial  develojpments — artificial  they  can 
scarcely  be  called,  since  they  themselves  have  arisen  interiorly. 
They  are  the  result  of  intellectual  acts.  Man  has  been  develop- 
ing himsel£  He,  so  far  as  the  earth  is  concerned,  is  becoming 
omnipresent.  The  electrical  nerves  of  society  are  spread  to  a 
plexus  all  over  Europe  and  America ;  their  ccmimissural  strands 
run  under  the  Atlantic  and  the  Pacific. 

In  many  of  the  addresses  that  have  been  made  during  the  past 
summer,  on  the  Centennial  occasion,  the  shortcomings  of  the 
United  States  in  extending  the  boundaries  of  scientific  knowledge, 
especially  in  the  physical  and  chemical  departments,  have  been 
set  forth.  *^  We  must  acknowledge  with  shame  our  inferiority  to 
other  people,"  says  one.  "  We  have  done  nothing,"  says  another. 
WeU,  if  all  this  be  true  we  ought  perhaps  to  look  to  the  condition 
of  our  colleges  for  an  explanation.  Hut  we  must  not  forget  that 
many  of  these  humiliating  accusations  are  made  by  persons  who 
are  not  of  authoritv  in  the  matter ;  who,  because  they  are  igno- 
rant of  what  has  been  done,  think  that  nothing  has  been  done. 
Thev  mistake  what  is  merely  a  blank  in  their  own  information  for 
a  blank  in  reality.  In  their  alacrity  to  depreciate  the  merit  of 
their  own  country,  a  most  unpatriotic  alacnty,  they  would  have 
OS  confess  that  for  the  last  century  we  have  been  living  on  the 
reputation  of  Franklin  and  his  thunder-rod. 

Perhaps,  then,  we  may  without  vanity  recall  some  facts  that 
may  relieve  us  in  a  measure  from  the  weight  of  this  heavy  accusa- 
tion. We  have  sent  out  expeditions  of  exploration  both  to  the 
Arctic  and  Antarctic  seas.  We  have  submitted  our  own  coast 
to  a  hydrographic  and  geodesic  survey,  not  excelled  in  exactness 
and  extent  by  any  similar  works  elsewhere.  In  the  accomplish- 
ment of  this  we  have  been  compelled  to  solve  many  physical 
problems  of  the  greatest  delicacy  and  highest  importance,  and 
we  have  done  it  successfully.  The  measuring  rods  with  which 
the  three  great  base  lines  of  Maine,  Long  Island,  Georgia,  were 
determined,  and  their  beautiful  mechanical  appliances,  have 
exacted  the  publicly  expressed  admiration  of  some  of  the  greatest 
European  philosophers,  and  the  conduct  of  that  survey  their  un- 
stinted applause.    We  have  instituted  geological  surveys  of  many 
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of  our  States  and  mticb  of  our  Territories,  and  have  been  rewarded 
Dot  merely  by  manifold  local  benefits,  but  also  by  tbe  higher 
honor  of  extending  very  greatly  the  boundaries  of  that  noble  sci- 
enca  At  an  enonnons  annual  cost  we  have  maintained  a  meteor- 
ological signal  system,  which  I  think  is  not  equaled  and  certainly 
is  not  surpassed  in  the  world.  Should  it  be  said  that  selfish  in- 
terests have  be**n  mixed  up  with  some  of  these  undertakings,  we 
may  demand  whether  there  was  any  selfishness  in  the  survey  of 
tbe  Dead  Sea?  Was  there  any  selfishness  in  that  mission  that  a 
citizen  of  ]!^ew  York  sent  to  equatorial  Africa  for  the  finding  and 
relief  of  Livingstone,  any  in  the  astronomical  expedition  to  South 
America,  any  in  that  to  the  valley  of  the  Amazon  ?  Was  there 
any  in  the  sending  out  of  parties  for  the  observation  of  the  total 
eclipses  of  the  sun  ?  It  was  by  American  astronomers  that  the 
true  character  of  his  corona  was  first  determined.  Was  there  any 
in  the  seven  expeditions  that  were  despatched  for  observing  the 
transit  of  Venus  ?  Was  it  not  here  that  the  bi-partition  of  Biela's 
comet  was  first  detected,  here  that  the  eighth  satellite  of  Saturn 
was  discovered,  here  that  the  dusky  ring  of  that  planet,  which 
had  escaped  the  penetrating  eye  of  Ilerschel  and  all  the  great 
European  astronomers,  was  first  seen  ?  Was  it  not  by  an  Ameri- 
can telescope  that  the  companion  of  Sirius,  the  brightest  star  in 
the  heavens,  was  revealed,  and  the  mathematical  pr^iction  of  the 
cause  of  his  perturbations  verified  ?  Was  it  not  by  a  Yale  Col- 
lege professor  that  the  showers  of  shooting  stars  were  first  scien- 
tifically discussed,  on  the  occasion  of  the  grand  American  display 
of  that  meteoric  phenomenon  in  1833  ?  Did  we  not  join  in  the 
investigations  respecting  terrestrial  magnetism  instituted  by  Euro- 
pean governments  at  the  suggestion  of  Humboldt,  and  contribute 
our  quota  to  the  results  obtained  ?  Did  not  tbe  Congress  of  the 
Unit^  States  vote  a  money  grant  to  carry  into  effect  the  inven- 
tion of  the  electric  telegraph  ?  Does  not  the  published  flora  of 
the  United  States  show  that  something  has  been  done  in  botany  ? 
Have  not  very  important  investigations  been  made  here  on  the 
induction  of  magnetism  in  iron,  the  effect  of  ma^etic  currents  on 
one  another,  the  translation  of  quantity  into  intensity,  and  the 
converse  ?  Was  it  not  here  that  the  radiation?  of  incandescence 
were  first  investigated,  the  connection  of  increasing  temperature 
with  increasing  refrangibility  shown,  the  distribution  of  light, 
heat,  and  chemical  activity  in  the  solar  spectrum  ascertained,  and 
some  of  the  fundamental  facts  in  spectrum  analysis  developed 
long  before  general  attention  was  given  to  that  subject  in  Europe? 
Here  the  first  photograph  of  the  moon  was  taken,  here  the  first  of 
the  dif^ction  spectrum  was  produced,  here  the  first  portraits  of 
the  human  £Eu;e  were  made — an  experiment  that  has  given  rise  to 
an  important  industrial  art ! 

Of  our  own  special  science,  chemistry,  it  may  truly  be  affirmed 
that  nowhere  are  its  most  advanced  ideas,  its  new  conceptions, 
better  understood  or  more  eagerly  received.  But  how  useless 
would  it  be  for  me  to  attempt  a  description  in  these  few  moments 
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of  what  Prof.  Silliman,  in  the  work  to  which  I  have  already  re- 
ferred, found  that  he  could  not  include  on  more  than  100  closely 
printed  pages,  though  he  proposed  merely  to  give  the  names  of 
American  chemists  and  the  titles  of  their  works.  It  would  be 
equally  useless  and  indeed  an  invidious  task  to  offer  a  selection ; 
but  this  may  be  said,  that  among  the  more  prominent  memoirs 
there  are  many  not  inferior  to  the  foremost  that  the  chemical 
literature  of  Europe  can  present.  How  unsatisfactory  then  is  this 
brief  statement  I  have  made  of  what  might  be  justly  claimed  for 
American  science  !  Had  it  been  ten  times  as  long,  and  far  more 
forcibly  offered,  it  would  still  have  fallen  short  of  completeness. 
I  still  should  have  been  open  to  the  accusation  of  not  having  done 
justice  to  the  subject. 

Have  those  who  gloat  over  the  shortcomings  of  American  sci- 
ence ever  examined  the  Coast  Survey  Reports,  those  of  the  Naval 
Observatory,  the  Smithsonian  Contributions,  those  of  the  American 
Association  for  the  Advancement  of  Science,  the  Proceedings  of 
the  American  Academy  of  Arts  and  Science,  those  of  the  Ameri- 
can Philosophical  Society,  the  Lyceum  of  Natural  History,  and 
our  leading  scientific  periodicals?  Have  they  ever  looked  at  the 
numerous  reports  published  by  the  authority  of  Congress  on  geo- 
graphical, geological,  engineering,  and  other  subjects — reports 
often  in  imposing  quartos  magnificently  illustrated. 

Not  without  interest  may  we  explore  the  origin  of  the  deprecia- 
tion of  which  we  complain.  In  other  countries  it  is  commonly  the 
case  that  each  claims  for  itself  all  that  it  can,  and  often  more  than 
is  its  due.  Each  labors  to  bring  its  conspicuous  men  and  its  pub- 
lic acts  into  the  most  favorable  point  of  view ;  each  goes  upon  the 
maxim  that  a  man  is  usually  valued  at  the  value  he  puts  upon 
himself.  But  how  is  it  with  us  ?  Can  an  impartial  person  read 
without  pain  the  characters  which  we  so  often  attribute  to  our 
most  illustiious  citizens  in  political,  and  what  is  worse,  in  social 
life  ?  Can  we  complain  if  strangers  accept  us  at  our  own  depre- 
ciation, whether  of  men  or  things  ? 

We  need  not  go  far  to  detect  the  origin  of  all  this— it  is  in  our 
political  condition.  Here  wealth,  power,  preferment— preferment 
even  to  the  highest  position  in  the  nation — are  seemingly  within 
the  reach  of  all,  and  in  the  internecine  struggle  uiat  takes 
place  every  man  is  occupied  iu  pushing  some  other  man 
into  the  background.  I  fear  that  in  political  life  there  is  no 
remedy  for  this,  such  is  the  violence  of  the  competition,  so  great 
are  the  prizes  at  stake.  But  in  the  less  turbulent  domain  of 
science  and  letters  we  may  hope  for  better  things.  And  those 
who  make  it  their  practice  to  decry  the  contributions  of  their  own 
country  to  the  stock  of  knowledge  may  perhaps  stand  rebuked  by 
the  expressions  that  sometimes  fall  lix>m  her  generous  rivals. 
How  can  they  read  without  blushing  at  their  own  conduct  such 
declarations  as  that  recently  uttered  by  the  great  or^an  of  Eng- 
lish opinion,  the  foremost  of  English  journals  ?  The  Times,  which 
no  one  will  accuse  of  partiality  in  this  instance,  says :  "  In  the 
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natural  distributioD  of  subjectB,  the  history  of  enterprise,  dincovery, 
and  conquest,  and  the  growth  of  republics  fell  to  America,  and 
she  has  dealt  nobly  with  them.  In  the  wider  and  multifarious 
provinces  of  art  and  science  she  runs  neck  and  neck  with  the 
mother  country  and  is  never  left  behind  !" 

There  are  among  us  some  persons  who  depreciate  science  merely 
through  illiterate  arrogance;  there  are  some  who,  incited  by 
superficiality,  dislike  it;  there  are  some  who  regard  it  with 
an  evil  eye,  because  they  think  it  is  undermining  the  placid  tran- 
quillity they  find  in  lifelong  cherished  opinions.  There  are  some 
who  hate  it  because  they  fear  it,  and  many  because  they  find  that 
it  is  in  conflict  with  their  interests.  But  let  us  who  are  the  servants 
of  science,  who  have  dedicated  ourselves  to  her,  take  courage. 
Day  by  day  the  number  of  those  who  hold  her  in  disfavor  is 
diminishing.  We  can  disregard  their  misrepresentations  and 
maledictions.  Mankind  has  made  the  great  discovery  that  she  is 
the  long  hoped-for  civilizing  agent  of  the  world.  Let  us  continue 
our  labor  unobtrusively,  conscious  of  the  integrity  of  our  motives, 
conscious  of  the  portentous  change  which  is  taking  place  in  the 
thought  of  the  world,  conscious  of  the  irresistible  power  which  is 
behind  us  !  Let  us  not  return  railing  for  railing,  but  above  all, 
let  us  deliver  unflinchingly  to  others  the  truths  that  Nature  has 
delivered  to  us ! 

The  book  of  Nature  I  shall  not  we  chemists,  and  all  our  brother- 
students,  whether  they  be  naturalists,  astronomers,  mathematicians, 
geologists,  shall  we  not  all  humbly  and  earnestly  read  it  ?  N  ature, 
the  mother  of  us  all,  has  inscribea  her  unfading,  her  eternal  record 
on  the  canopy  of  the  skies,  she  has  put  it  all  around  us  on  the 
platform  of  the  earth  !  No  man  can  tamper  with  it,  no  man  can 
interpolate  or  falsify  it  for  his  own  ends.  She  does  not  command 
us  what  to  do,  nor  order  us  what  to  think.  She  only  invites  us  to 
look  around.  For  those  who  reject  her  she  has  in  reserve  no 
revenges,  no  social  ostracism,  no  index  expurgatoriiis^  or  auto  da 
fcl  To  those  who  in  purity  of  spirit  worship  in  her  heaven- 
pavilioned  temple,  she  offers  her  guidance  to  that  cloudy  shrine 
on  which  Truth  sits  enthroned,  "  dark  with  the  excess  of  light !" 
Thither  are  repairing,  not  driven  by  tyranny,  but  of  their  own 
accord,  increasing  crowds  from  all  countries  of  the  earth,  conscious 
that  whatever  their  dissentions  of  opinion  may  heretofore  have 
been,  in  her  presence  they  will  find  intellectual  concord  and  unity. 

13.  Prof.  I>rap€T^s  researches  in  Physics. — Prof.  Draper's  re- 
searches are  a  very  prominent  part  of  the  scientific  work  of  the 
country.  We  cite  the  following  from  the  Address  of  the  Presi- 
dent of  the  American  Academy  ot  Arts  and  Sciences,  in  March 
last,  on  the  presentation  to  Prof.  Draper  of  the  Rumford  medals. 
—Eds. 

Id  an  elaborate  investigation,  published  in  1847,  Dr.  Draper  established  experi- 
mentally the  following  important  facts:  1.  All  solid  substances,  and  probably 
liquids,  become  incandescent  at  the  same  temperature.  2.  The  thermometric 
point  at  which  substances  become  red-hot  is  about  977"  Fahr.  3.  The  spectrum 
of  an  incandescent  solid  is  continuous ;  it  contains  neither  bright  nor  dark  fixed 
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lines.  4.  From  oommon  temperatures  nearly  up  to  977**  Fahr.,  the  rays  emitted 
by  a  solid  are  invisible.  At  that  temperature  they  are  red,  and  the  heat  of  the 
incandescing  body  being  made  continuously  to  increase,  other  rays  are  added,  in- 
creasing in  refrangibility  as  the  temperature  rises.  6.  While  the  addition  of  rays, 
00  much  the  more  refrangible  as  the  temperature  is  higher,  is  taking  f^aoe,  iSbin 
is  an  increase  in  the  intensity  of  those  already  existing.  Thirteen  years  after- 
ward Kirohhoff  published  his  celebrated  memoir  on  the  relations  between  the 
coefficients  of  emission  and  absorption  of  bodies  for  light  and  heat,  in  which  he 
established  mathematically  the  same  facts,  and  announced  them  as  new.  6.  Dr. 
Draper  claims,  and  we  believe  with  justice,  to  have  been  the  first  to  apply  the 
daguerreotype  process  to  taking  portraits.  7.  Dr.  Draper  applied  ruled  glaasee 
and  specula  to  produce  spectra  for  the  study  of  the  diemical  action  of  light  The 
employment  of  ruled  metallic  specula  for  this  purpose  enabled  him  to  avoid  the 
absorbent  action  of  glass  and  other  transparent  media,  as  weU  as  to  establish  the 
points  of  maximum  and  minimum  intensity  with  reference  to  portions  of  the  spec- 
trum defined  by  their  wave  lengths.  He  obtained  also  the  advantage  of  employ- 
ing a  normal  spectrum  in  place  of  one  which  is  abnormally  condensed  at  one  end 
and  expanded  at  the  other.  8.  We  owe  to  him  valuable  and  original  researches 
on  the  nature  of  the  rays  absorbed  in  the  growth  of  plants  in  sunlight.  These  re- 
searches prove  that  the  maximum  action  is  produced  by  the  yeUow  rays,  and  they 
have  been  fully  oonfirmed  by  more  recent  investigations.  9.  We  owe  to  him, 
further,  an  elaborate  discussion  of  the  chemical  action  of  light,  supported  in  a 
great  measure  by  his  own  experiments,  and  proving  condusively,  and,  as  we  be- 
Ueve,  for  the  first  time,  that  rays  of  all  wave-lengths  are  capable  of  producing 
chemical  changes,  and  that  too  little  account  has  hi&erto  been  taken  of  the  nature 
of  the  substance  in  which  the  decomposition  is  produced.  10.  Finally,  Dr. 
Draper  has  recently  published  researches  on  the  distribution  of  heat  in  the  spee- 
trum,  which  are  of  the  highest  interest,  and  which  have  largely  contributed  to  the 
advancement  of  our  knowledge  of  the  subject  of  radiant  energy. 

11.   Geology  and  Mineralogy. 

1.  Explorations  made  under  the  direction  of  F,  Y,  Hayden^  in 
1876. — For  reasons  beyond  the  control  of  the  Geologist  in  charge, 
the  various  parties  composing  the  United  States  Geological  and 
Geographical  Survey  of  the  ferritories,  did  not  commence  their 
field  work  until  August.  Owing  to  the  evidence  of  hostility 
among  the  northern  tribes  of  Indians  it  was  deemed  most  prudent 
to  confine  the  labors  of  the  survey  to  the  completion  of  the  Atlas 
of  Colorado.  Therefore  the  work  of  the  season  of  1876  was  a  con- 
tinuation of  the  labors  of  the  three  preceding  years,  westward,  fin- 
ishing the  entire  mountainous  portion  of  Colorado  with  a  belt  fifteen 
miles  in  width  of  northern  New  Mexico  and  a  belt  twenty-five 
miles  in  breadth  of  eastern  Utah.  Six  sheets  of  the  Physical  Atlas 
are  now  nearly  ready  to  be  issued  from  the  press.  Each  sheet 
embraces  an  area  of  over  11,500  square  miles,  or  a  total  of  70,000 
square  miles.  The  maps  are  constructed  on  a  scale  of  four  miles 
to  one  inch  with  contours  of  200  feet,  which  will  form  the  basis 
on  which  will  be  represented  the  geology,  etc.  The  areas  of 
exploration  the  last  season  are  located  in  the  interior  of  the  con- 
tinent, far  remote  from  settlements  and  among  the  hostile  bands 
of  Ute  Indians  that  attacked  two  of  the  parties  the  previous  year. 

Five  particij  were  engaged  in  field  oiity:  one  for  completing 
the  primary  triangulation  of  Colorado,  three  for  topographical 
and  geological  work,  and  one  for  making  observations  in  natural 
history. 
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The  primary  triangnlation  party  was  placed  in  charge  of  A.  D. 
Wilson  and  took  the  field  from  Trinidad,  the  southern  terminus 
of  the  Denver  and  Rio  Grande  Railway,  August  18th,  making 
the  first  station  oh  Fisher's  Peak.  From  this  point  the  party 
inarched  by  the  valley  of  the  Purgatoire,  crossed  the  Sangre  de 
Christo  range  by  way  of  Costillia  Pass,  followed  the  west  base  of  the 
range  northward  as  far  as  Fort  Garland,  making  a  station  on 
Colebra  Peak.  About  six  miles  north  of  Fort  Garland  is 
located  one  of  the  highest  and  most  rugged  mountain  peaks  in 
the  west,  called  Blanca  Peak,  the  principal  summit  of  the  Sierra 
Blanca  group.  This  was  ascended  oy  the  party  under  Mr.  Wilson, 
and  found  to*  be  the  highest  peak  in  Colorado  and  the  second 
peak  in  height  in  the  United  States.  A  comparison  with  some  of 
the  first  class  peaks  in  Colorado  will  show  the  relative  heights. 
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Mr.  Wilson  made  eleven  primary  stations  over  a  large  portion 
of  Southern  and  Western  CJolorado  and  completed  about  1,000 
square  miles  of  topography  that  had  been  omitted  by  one  of  the 
parties  of  last  year. 

In  com{)any  with  the  triangnlation  party,  Mr.  Holmes  made  a 
hurried  trip  through  Colorado,  touclung  also  portions  of  New 
Mexico  and  Utah.  He  was  unable  to  pay  much  attention  to 
detailed  work,  but  had  an  excellent  opportunity  of  taking  a  gen- 
eral view  of  the  two  great  plain  belts  that  lie,  the  one  along  the 
east,  the  other  along  the  west  base  of  the  Rocky  Mountains. 
For  nearly  2,000  miles  travel  he  had  constantly  in  view  the  Cre- 
taceous and  Tertiary  formations,  among  which  are  involved  some 
of  the  most  interesting  geological  questions.  He  observed  among 
other  things  the  great  persistency  of  the  various  groups  of  rocks 
throughout  the  east,  west  and  north,  and  especially  in  the  west ; 
that  from  Northern  New  Mexico  to  Southern  Wyoming  the 
various  members  of  the  Cretaceous  lie  in  almost  unbroken  belts, 
while  the  Tertiaries  are  hardly  less  easily  followed. 

Between  the  ea«t  and  the  west  there  is  only  one  great  incon- 
gruity. Along  the  east  base  of  the  mountains  the  upper  Cre- 
taceous rocks,  including  Nos.  4  and  5,  are  almost  wantin.i<  and 
consisting  at  most  of  a  few  hundred  feet  of  shales  and  laminated 
sandstones.  Along  the  west  base  this  group  becomes  a  prominent 
and  important  topographical  as  well  as  geological  feature.  In 
the  southwest,  where  it  forms  the  "  Mesa  V  erde"  and  the  cap  of 
the  Dolores  plateau,  it  comprises  upward  of  2,000  feet  of  coal- 
bearing  strata,  chiefly  sandstones,  while  in  the  north  it  reaches  a 
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thickness  of  3,500  feet  and  forms  the  gigantic  hog-back  of  the 
Grand  River  valley. 

While  in  the  southwest,  he  visited  the  Sierra  Abajo,  a  small 

oup  of  mountains  which  lie  in  Eastern  Utah,  and  found  as  he 
ad  previously  surmised  that  the  structure  was-  identical  with 
that  of  the  four  other  isolated  groups  that  lie  in  the  same  region. 
A  mass  of  trachyte  has  been  forced  up  through  fissures  in  the 
sedimentary  rocks  and  now  rests  chiefly  upon  the  sandstones  and 
shales  of  the  lower  Cretaceous.  There  is  a  considerable  amount 
of  arching  of  the  sedimentary  rocks,  caused  probably  by  the  intru- 
sion of  wedge-like  sheets  of  trachyte,  while  the  broken  edges  of 
the  beds  are  frequently  bent  abruptly  up  as  if  by  the  upward  or 
lateral  pressure  of  the  rising  mass.  He  was  able  to  make  many 
additional  observations  on  the  geology  of  the  San  Juan  region, 
and  secured  much  valuable  material  for  the  coloring  of  the  final 
map. 

He  states  that  the  northern  limit  of  ancient  clift'  builders  in 
Colorado  and  Eastern  Utah  is  hardly  above  latitude  37°  45'. 

The  Grand  River  Division  was  directed  by  Henry  Gannett, 
topographer,  with  Dr.  A.  C.  Peale  as  geologist  James  Stevenson, 
executive  officer  of  the  survey,  accompanied  this  division  for  the 
purpose  of  assisting  in  the  management  of  the  Indians,  who  last 
year  prevented  the  completion  of  the  work  in  this  locality  by  their 
hostility. 

The  work  assigned  this  division  consisted  in  part  of  a  small 
area  containing  about  1,000  square  miles  lying  south  of  the  Sierra 
la  Sal.  The  greater  portion  of  the  work  of  this  division  lay  north 
of  the  Grand  Kiver,  limited  on  the  north  by  the  parallel  of  89**  30' 
and  included  between  the  meridians  of  108°  00'  and  109**  30'. 

The  geological  work  of  this  division,  by  Dr.  Peale,  connects 
directly  with  that  done  by  him  in  1874  and  1876.  Sedimentary 
foimatious  prevail  in  both  districts  visited  during  the  past  season. 

The  country  first  examined  lies  between  the  San  Miguel  and 
Dolores  Rivers,  extendiiig  northward  and  northwestward  from 
Lone  Cone  Mountain.  The  general  character  of  this  region  is 
that  of  a  plateau  cut  by  deep  gorges  or  cafions,  some  of  which, 
especially  toward  the  north,  extend  from  the  sandstones  of  the 
Dakota  group  to  the  top  of  the  Red  Beds.  The  depth  of  the 
cafion  however  is  no  indication  of  its  importance  as  a  stream  bed, 
for  away  from  the  main  streams  they  are  dry  the  greater  portion 
of  the  year.  There  are  no  great  disturbances  of  the  strata,  what 
folds  do  occur  being  broad  and  comparatively  gentle. 

The  San  Miguel  River  leaving  the  San  Juan  Mountains  flows 
toward  the  northwest  and,  with  its  tributaries,  cuts  through  the 
sandstones  of  the  Dakota  group,  exposing  the  variegated  beds 
lying  beneath  that  have  generally  been  referred  to  the  Jurassic. 
About  twenty-five  or  thirty  miles  north  of  Lone  Cone,  the  river 
turns  abruptly  to  the  west  and  flows  west  and  southwest  for 
about  fifteen  miles,  when  it  again  turns  and  flows  generally  north- 
west until  it  joins  the  Dolores.     Between  the  San  Miguel   and 
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Lone  Cone  the  sandBtones  of  tl^e  Dakota  group  or  No.  1  Creta- 
ceous are  nearly  horizontal,  forming  a  plateau  wnich  on  approach- 
ing^ the  mountains  has  a  capping  of  Cretaceous  shales. 

Beyond  the  bend,  the  San  Miguel  flows  in  a  monoclinal  valley 
in  which  the  cafion  walls  are  of  the  same  description  as  in  the 
upper  part  of  its  course.  As  the  mouth  is  approached  the  Red 
Beils  appear.  Between  this  portion  of  the  course  of  the  San  Miguel 
and  the  almost  paralled  course  of  the  Dolores,  which  is  in  a  simi- 
lar monoclinal  rift,  there  are  two  anticlinal  and  two  synclinal 
valleys  parallel  to  each  other.  They  are  all  occupied  by  branches 
of  the  Dolores.  Lower  Cretaceous,  Jurassic  and  Triassic  strata 
outcrop  and  present  some  interesting  geological  details  which  will 
be  fully  considered  in  the  report  on  the  district.  The  Dolores 
river  comes  from  a  high  plateau  in  a  zigzag  course,  flowing  some- 
times with  the  strike  and  sometimes  with  the  dip  of  the  strata. 
Its  general  course  on  the  western  line  is  about  northwest  from 
which  it  turns  to  the  northward  and  westward,  finally  changing 
to  northwest  again  to  its  junction  with  the  Grand.  It  is  in  a 
canon  the  greater  part  of  its  course. 

In  the  region  of  country  north  of  Grand  River,  the  geological 
formations  extend  uninterruptedly  from  the  Red  Beds  exposed  on 
Grand  River  to  the  White  Tertiary  cliffs  forming  the  summit  of 
of  the  "  Roan  Mountains  "  or  Book  Cliffs.  The  Grand  is  generally 
in  a  canon  in  the  Red  Beds.  On  the  north  side  the  ^o,  1  Cre- 
taceous sandstones  form  a  hogback  sloping  toward  the  cliffs. 
Between  the  crest  of  this  hogback  and  the  cliffs,  there  is  a  broad 
valley  formed  by  the  erosion  of  the  soft  Cretaceous  shales  which 
extend  to  the  base  of  the  cliffs  and  in  some  places  form  their 
lower  portion. 

The  cliffs  are  composed  mainly  of  Cretaceous  beds,  rising  one 
above  another  in  steps,  until  an  elevation  of  about  8,000  feet  is 
reached.  The  summit  is  the  edge  of  a  plateau,  sloping  to  N.N.E. 
This  plateau  is  cut  by  the  drainage  flowing  into  the  White  River 
from  the  south.  These  streams  rarely  cut  through  the  Tertiary 
series. 

Coal  of  poor  quality  is  found  in  the  sandstones  of  the  Dakota 
group  and  also  in  the  sandstones  above  the  middle  Cretaceous 
beds.  Wherever  noticed  it  was  in  thin  seams  and  of  little 
economic  importance. 

The  White  River  division  was  directed  by  G.  B.  Chittenden  as 
topographer,  accompained  hj  F.  M.  Endlich  as  geologist. 

The  mstrict  assigned  to  this  party  as  their  field  for  exploration 
during  the  season  of  1876,  commenced  from  the  eastward  at 
longitude  107°  30',  joining  on  to  the  work  previously  done  and 
extended  westward  30  miles  into  Utah  Territory.  Its  southern 
boundary  was  N.  latitude  39°  30',  while  the  White  River  formed 
the  northern  limit.  In  order  to  complete  the  work  to  the  greatest 
possible  advantage  in  the  shortest  time  that  could  be  allowed,  it 
was  determined  to  make  the  White  River  Agency  headquarters, 
and  in  two  trips  from  there  complete  the  work.  About  3,800 
square  miles  comprised  the  area  surveyed. 
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According  to  the  report  of  F.  M.  Endlich,  the  geology  of  the 
district  is  very  simple  though  interesting.  Inasmuch  as  but  one 
divide  of  importance  occurred  within  the  district,  the  work  was 
somewhat  simplified.  This  was  formed  by  the  "Book  CliffB,*' 
between  the  drainage  of  the  Grand  on  the  south  and  the  White 
on  the  north.  Both  of  these  rivers  flow  a  little  south  of  west,  into 
the  Green  River  which  they  join  in  Utah.  From  the  junction 
of  the  Grand  and  Green  downward  the  river  is  called  the  Great 
Colorado.  Orographically,  the  region  surveyed  is  comparatively 
simple.  The  "  Book  GliflB ''  are  the  summit  of  a  plateau  about 
8,000  feet  above  sea  level,  continuing  unbroken  over  to  the  Green 
River.  Toward  the  south  these  cliffs  fall  off  very  steeply, 
forming  deep  canons  that  contain  tributaries  of  the  Grand  River. 
On  the  north  side — with  the  dip  of  the  strata — the  slope  is  more 
gentle,  although  in  consequence  of  erosion  numerous  precipitous 
clifb  are  formed.  Descending  in  that  direction  the  character  of 
the  country  changes.  Instead  of  an  unbroken  slope,  we  find  that 
the  plateau  has  been  cut  parallel  by  the  White  River  drainage, 
and  the  long,  characteristic  mesas  of  that  region  testify  to  the 
action  of  erosion.  Approaching  the  river,  constantly  descending 
with  the  slight  dip  of  the  strata,  the  blu&  become  lower  and 
lower.  Though  the  creek  valleys  are  wide  and  at  certain  seasons 
no  doubt  well  watered,  the  vegetation  is  that  of  an  arid  country. 
Dwarf  pines,  pinons  and  sage  brush  abound,  to  the  almost  entire 
exclusion  of  other  trees  or  grass.  Traveling  down  White  River 
this  character  is  again  found  to  change.  A  new  series  of  blufifs, 
occasioned  by  heavy  superincumbent  strata,  gives  rise  to  the  for- 
mation of  deep  canons.  For  45  miles  the  party  followed  the  canon 
of  White  River,  that,  no  doubt,  is  analogous  to  that  of  Green 
River,  and  probably  closely  resembles  that  of  the  Colorado  in  its 
detail  features.  Vertical  walls  enclose  the  narrow  river-bottoms, 
and  the  slopes  of  the  higher  portions  are  ornamented  by  thousands 
of  curiously  eroded  rocks.  Monuments  of  all  kinds  and  figures 
that  can  readily  be  compared  to  those  of  animated  beings  enliven 
the  scenery,  which  would  otherwise  be  monotonous  Two  to 
three  thousand  feet  may  be  stated  as  the  height  of  the  walls 
enclosing  the  White  River. 

Geologically  speaking,  the  district  was  one  of  singular  uniform- 
ity. Traveling  westward,  the  older  formations,  reaching  back  aa 
far  as  the  Jurassic,  were  found.  These  were  followed  by  Creta- 
ceous which  in  turn  was  covered  with  Tertiary.  About  three- 
quarters  of  the  region  surveyed  was  found  to  contain  beds  belong- 
ing to  this  period.  Owing  to  the  lithographical  character  of  the 
strata,  water  was  a  rare  luxury  in  this  region,  and  men  and  ani- 
mals were  frequently  dependent  upon  springs.  Farther  west 
still,  the  Green  River  group  sets  m,  forming  those  numerous 
canons  of  which  that  of  the  White  River  is  one. 

The  field  work  of  the  Yampah  division,  under  Mr.  G.  R. 
Bechler  as  topographer  and  Dr.  C.  A.  White  as  geologist,  dur- 
ing the  past  season  was  principally  confined  to  a  district  of  north- 
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western  Colorado  lying  between  the  Tampah  and  White  Rivers, 
and  between  Grreen  River  and  the  mibordinate  range  of  moantains 
that  lies  west  of  and  parallel  with  the  Park  Range.  The  area  is 
embraeed  between  parallels  89^  80'  and  40°  80',  and  meridians  101^ 
80'  and  lOO"*  30'. 

The  rocks  of  this  district  embrace  all  the  sedimentary  formar 
tions  yet  recognised  by  the  investigators  who  have  BtcKlied  the 
region  that  lies  between  the  Park  Range  and  the  Great  Salt 
Lake,  namely  from  the  Uinta  Quartzite  (which  underlies  the 
Carboniferous)  to  the  latest  Tertiary,  inclusive.  Not  only  has 
the  geographical  distribution  of  these  formations  been  mapped, 
but  all  the  displacements  of  the  strata  have  been  traced  and 
delineated.  The  last  named  investigations  bring  out  some 
interesting  and  important  facts,  in  reUtion  to  the  orographic 
geology  of  the  region,  especially  as  regards  the  eastern  termination 
of  the  great  Uinta  nplin  and  the  blending  of  its  vanishing  pri- 
mary rad  accessory  oisplacements  with  those  of  the  north  and 
south  range  above  mentioned.  Much  information  was  also 
obtained  concerning  the  distribution  of  the  local  drift  of  that 
re^n ;  the  extent  and  geological  date  of  outflows  of  trap,  etc. 

The  brackish  water  beds  at  the  base  of  the  Tertiary  series, 
containing  the  characteristic  fossils,  were  discovered  in  the  valley 
of  the  Yampah.  They  are  thus  shown  to  be  exactly  equivalent 
with  those  now  so  well  known,  in  the  valley  of  Bitter  Creek, 
Wyoming  Territory.  These  last  named  localities  were  also 
visited  at  the  close  of  the  season's  work,  and  from  the  strata  of 
this  horizon  at  Black  Buttes  station,  three  new  species  of  Unto 
were  obtained,  making  six  clearly  distinct  species  in  all  that  have 
been  obtained  associated  together  in  one  stratom  at  that  locality. 
They  are  all  of  either  distinctively  American  types  or  closely 
related  to  species  now  living  in  American  fresh  waters.  They 
represent,  by  their  affinities,  the  following  living  species ;  Unto 
davus  Lamarck ;  U.  securU  Lea ;  U.  gibbostts  Barnes ;  [/,  mekxr 
nevnts  Rafinesque,  and  IT.  complancUus  Solander.  They  are  asso- 
ciated in  the  same  stratum  with  species  of  the  genera  Corbula^ 
Corbiculay  Neritinay  VioiparuSy  etc.,  and  which  stratum  alternates 
with  layers  containing  Ostrea  and  Anomia, 

The  close  affinity  of  these  fossil  Unios  with  species  now  living 
in  the  Mississippi  River  and  its  tributaries,  seems  plainly  sugges- 
tive of  the  fact  that  they  represent  the  ancestry  of  the  living  ones. 
An  interesting  series  of  facts  has  also  been  collected,  showing  that 
some  of  the  so-called  American  types  of  Uhio  were  introduced  in 
what  is  now  the  great  Rocky  Mountain  region,  as  early  as  the 
Juransic  period,  and  that  their  differentiation  had  become  great 
and  clearly  defined  as  early  as  late  Cretaceous  and  early  Tertiary 
times.  Other  observations  suggest  the  probable  lines  of  geographi- 
cal distribution,  during  the  Tate  geological  periods,  ot  their 
evolutional  descent,  by  one  or  more  of  which  they  have  probably 
reached  the  Mississippi  River  system  and  culmiuatea  in  the 
numerous  and  diverse  forms  that  now  exi&t  there. 
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The  work  of  the  past  season  shows  very  clearly  the  harmonioas 
relation  of  the  various  groups  of  strata  over  vast  areas,  that 
although  there  may  be  a  thickening  or  a  thinning  out  of  beds  at 
different  points,  thev  can  all  be  correlated  from  the  Missouri 
River  to  the  Sierra  N  evada  Basin.  The  fact  also  that  there  is  no 
physical  or  paleontological  break  in  these  groups  over  large  areas, 
from  the  Cretaceous  to  the  middle  Tertiary  is  fully  established* 
The  transition  from  marine  to  brackish  water  forms  of  life,  com- 
mences at  the  close  of  the  Cretaceous  epoch  and,  without  any  line 
of  separation  that  can  yet  be  detected,  continues  on  upward  until 
onl^  purely  fresh  water  forms  are  to  be  found.  Dr.  White,  an 
eminent  paleontolo^st  and  geologist  says  that  the  line  must  be 
drawn  somewhere  Tjetween  the  Cretaceous  and  Tertiary  epochs, 
but  that  it  will  be  strictly  arbitrary,  as  there  is  no  physical  break 
to  the  summit  of  the  Bridger  group.  h. 

2.  Geological  Survey  o/  Kentucky. — Chemical  examination  of 
the  Ashes  of  the  Hemp  and  Buckwheat  Plants,  with  remarks  on 
its  bearing  on  Hemp  Culture  in  Kentucky,  by  R.  Peter,  M.D., 
Chemist  to  the  Survey.  Publications  of  the  Geological  Survey  of 
Kentucky  under  N.  S.  Shaler,  Director.  Part  III,  voL  il  Second 
Series.  26  pp.  8vo.  Frankfort,  Kentucky. — The  following  re- 
marks on  hemp  and  the  analyses  are  copied  from  pages  II  to  13 
of  this  Report.  "In  order  to  ascertain  the  relative  feitilizing 
influence  of  the  leaves  and  roots,  three  hemp  plants  were  collected, 
July  26th,  1864,  in  tlie  dry  season.  These,  one  male  and  two 
female  plants,  were  about  six  to  seven  feet  high.  The  leaves, 
stems  and  roots,  carefully  separated  and  thoroughly  air  dried, 
weighed  as  follows : 

l%e  leaves  weighed  23-916  grams,  equal  to  about  30*    per  cent  of  the  whole  plant 
Tlte  roots        "  7433  "  "  9*3      "  " 

ThesUms       "        48*430  "  "         60*7       **  "  " 

These  were  separately  incinerated  and  their  ashes  analyzed, 
with  the  following  results : 


Belative  Ash  ikobedibnts  of  the 
Oabbokio 

Leaves,  Roots,  and  Stems  op  the  Hemp, 

AOm  EXCLUDED. 

TH»  UA.YM. 

THB 

ITXMB. 

THSKOOT8. 

InlOOp'U 
of  Mb. 

lDl00p*t8 
of  dried 
leaveB. 

InlOOp^U 
of  ash. 

InlOOpte 
of  dried 
•terns. 

InlOOp'ts 
ofaeh. 

Inl00p*ta 
ord^ed 
rooto. 

Lime 

48*819 

6*726 

27*955 

•236 

9-264 

2*209 

171 

6*620 

4*992 
685 
2-858  ) 
•024  C 
*947 
226 
•017 
676 

23*371 
6*803 

49*699 

13-374 

1*216 

•676 

1*062 

0*949 
*194 

1*66? 

•447 
•040 
•019 
•035 

20*368 
8-297 

62*233 

15164 

r344 

•405 

2189 

0713 

Magnesia 

291 

Potowh  -  _   _ .  _  . 

1*829 

Soda 

Phosphoric  acid 

•631 

Sulphuric  acid 

•047 

Chlorine 

•014 

Silica 

077 

Per  cent  of  phosphates 

19160 

1*959 

28158 

0-942 

26-885 

0*949 

Per  cent  of  ash 

10*226 

'      3*346 



3*602 
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By  ezamiDation  of  the  above  table  it  is  to  be  seen,  that  the 
leaves  of  the  flowering  hemp  contain  more  of  the  essential  min- 
eral ingredients  of  the  soil  than  all  the  other  parts  of  the  plant ; 
constituting  as  they  do,  aboot  80  per  cent  of  the  whole  plant  in 
the  air-dried  state,  and  yielding  10-225  per  cent  of  their  weight  of 
ash,  the  carbonic  acid  being  excluded ;  while  the  stems  and  roots, 
which  together  form  the  remaining  70  per  cent  of  the  weight  of 
the  plant,  give  an  average  of  less  than  3*5  per  cent  of  ash. 

Nor  is  this  great  excess  in  the  proportion  of  ash  in  the  leaves  due 
entirely  to  the  influence  of  the  greater  evaporation  which  takes 
place  on  their  surfaces,  causing  a  deposit  or  incrustation  of  lime 
and  magnesia  salts  and  silica  of  the  nature  of  stalagmite;  for  we 
see  that  while  the  amount  of  silica  in  the  leaves  is  nearly  fourteen 
times  greater  than  that  in  the  stems,  and  more  than  seven  times 
greater  than  in  the  roots;  the  lime  more  than  five  times  as  great 
as  that  in  the  stems,  and  seven  times  more  than  in  the  roots ;  the 
magneHa  three  times  more  than  that  in  the  stems,  and  twice  as 
much  as  that  in  the  roots ;  the  phosphoric  acid  and  phosphates 
and  the  cUkalies  are  in  nearly  double  proportion  in  the  leaves  also, 
and  the  sulphuric  acid  five  times  greater  in  them  than  in  the 
stems,  and  about  four  times  greater  than  in  the  roots.  So  that 
while  the  leaves,  when  in  their  fully  matured  state  or  when  they 
naturally  fall,  may  possibly  contain  scarcely  any  but  the  less 
soluble  salts  which  may  be  left  in  their  tissues  on  the  evaporation 
of  the  carbonated  water  which  held  them  in  solution  in  the  sap, 
they  contain,  when  in  the  growing,  active  condition,  like  all  other 
green  herbage,  a  very  large  proportion  of  salts  of  potash,  and  of 
all  the  mineral  elements  of  plant  nourishment,  and  hence  may 
greatly  enrich  the  soil  on  which  they  decay.  It  is  obviously  to 
5ie  interest  of  the  hemp  farmer,  therefore,  so  to  manage  as  to 
spread  them  as  regularly  as  possible  over  his  hemp  ground. 

3.  The  American  Bison^  Living  and  JBxtinct ;  by  J.  A.  Allen. 
Published,  by  permission  of  N.  S.  Shaler,  Director  of  the 
Kentucky  Geological  Survey,  as  voL  iv.  No.  10,  of  the  Memoirs 
of  the  Museum  of  Comparative  Zoology  at  Harvard  College. 
Cambridge,  Mass.  246  pp.  4to,  with  12  plates  and  a  colored  map. 
(Welch,  Bigelow  &  Co.). — This  work,  beautiful  in  typography,  as 
well  as  in  its  illustrations,  is  a  carefully  prepared  monograph  of 
the  American  bisons,  containing,  as  its  first  part,  descriptions  of 
the  species,  and,  as  its  second,  a  thorough  discussion  of  their 
geographical  distribution.  Two  extinct  species  are  recognized, 
Bison  la^ifrons  Leidy,  and  B.  antiqwus  Leidy  (=  B.  crassicomis 
Kicbardson).  To  the  description  of  Bison  Americanus  the  author 
has  added  much  information  on  the  habits  of  the  species  from  his 
own  observations.  The  tine  colored  map  is  introduced  to  illustrate 
its  former  and  present  distribution. 

4.  Second  Geological  Survey  of  Pennsylvania,  Harris- 
burg,  Pa. 

(1.)  Report  of  Progress  in  the  Greene  and  Washington  District 
of  the  Bituminous  Coal-fields  of  Western  Pennsylvania,  by  J.  J. 
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Stbvbnson.    420  pp.  8vo,  with  8  sections  and  2  Ooonty  maps, 
showing  the  calculated  local  depths  of  the  Pittsburg  and  W. 

(2.)  lieport  of  Progress  in  the  District  of  York  and  Adams 
Counties.  196  pp.  8vo,  with  Maps  and  Cross-sections  showing  the 
Iron-ore  belts  and  individual  Mines ;  by  Persifob  Fbazeb,  Jr. 

Mr.  Stevenson's  Report,  after  chapters  on  the  physical  features 
of  the  district  and  its  Quaternary  geology,  describes  in  detail  the 
Carboniferous  strata,  their  nature,  positions  and  relations,  and 
then  takes  up  the  special  geology  of  the  several  townships,  giving 
numerous  sections,  and  much  information  on  the  coal  beds  and 
coals.  The  closing  chapter,  on  Economic  Geology,  contains 
information  as  to  the  thickness  and  variations  of  the  cool  beds,  the 
composition  of  coals,  constitution  and  value  of  the  iron-ores,  and  on 
the  distribution  and  source  of  the  petroleum  of  the  district.  Mr. 
Stevenson  concludes,  with  regard  to  the  oil,  that  it  has  not  arisen 
from  the  distillation  of  shales,  but  that  'Mt  is  in  the  highest 
degree  probable  that  the  vegetable  matter  [that  of  the  oil-bearing 
sandstone  beds]  instead  of  being  converted  mto  coal  was  converted 
into  petroleum,  and  that  the  oil  is  indigenous  to  these  sandstones.^' 

The  Terraces  of  the  Ohio  and  Alleghany  valleys  are  described 
as  generally  well  defined.  The  upper  is  of  various  heights,  180, 
250,  and  even  480  feet  From  Monongahela  to  Pittsburg  terraces 
are  stated  to  be  very  distinct  at  190  and  290  feet;  whue  at  the 
former  place  there  are  seven  teri'aces  at  40,  120,  190,  290,  340, 
400,  and  480  feet ;  and  below  Pittsburg,  at  Chartiers,  there  are 
six,  the  highest  890  feet.  They  indicate  great  height  in  those  val- 
leys  for  the  Glacial  flood,  when  water  and  earthy  material  were 
both,  for  a  long  period,  of  indefinite  supply  from  the  melting  of 
the  glacier. 

Mr.  Frazer  treats  of  a  belt  in  Eastern  Pennsylvania  which  in- 
cludes numerous  limonite  beds  associated  with  granular  limestone 
and  hydromica  slates,  similar  in  character  and  position  to  those 
characterizing  the  Green  Mountain  region  in  Berkshire,  Mass., 
and  Salisbury,  Connecticut,  and  the  adjoining  parts  of  New  York, 
and  also  in  Vermont.  The  relative  position  of  the  rocks  is  made 
a  special  study,  and  several  sections  presenting  the  author's  pres- 
ent views  on  this  subject  are  ^ven,  though  with  some  expressions 
of  uncertainty.  The  main  point  set  forth  is  that  the  limestones 
and  slates  are  not  conformable — which  is  at  variance  with  moat 
(not  all)  of  the  sections  observed  by  the  writer  in  Berkshire. 
The  volume  also  contains  descriptions  of  some  trap  rocks,  analy- 
ses of  hydromica  slates,  limestones,  and  detailed  descriptions  and 
analyses  of  iron  ores. 

5.  On  the  Glacial  Phenomena  of  North  America;  hj  Pro- 
fessor Otto  Toeell,  of  Sweden.  (Proc.  Amer.  Assoc.,  BufEalo.)— 
The  following:  is  a  report  of  the  paper  by  Professor  Torell  in  the 
New  York  Times  of  August  30. — It  may  be  assumed  that  the 
circumstances  essential  to  the  formation  and  movement  of  glaciers 
are  these:  1.  Abundance  of  moisture  in  the  atmosphere;  2.  A  low 
temperature,  due  either  to  great  elevations  in  low  latitudes,  or  to 
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high  latitudes  with  or  without  such  elevations  of  land.  These 
conditions  insure  such  accumulations  of  snow  ahove  the  line  of 
perpetual  frost  as  will  sooner  or  later  pass  the  line  of  perpetual 
enow  and  be  changed  to  ice  and  water.  The  water  becomes  gla- 
cial rivers,  and  the  ice  will  move  as  a  plastic  mass  to  a  line  deter- 
mined by  the  amount  of  snow,  on  the  one  hand,  and  the  climate 
on  the  other.  The  advancing  movement  of  the  glacier  is  accom- 
panied by  erosion  and  scratching  of  the  rocks  ^low  and  by  the 
different  kinds  of  moraines,  as  till  or  blue  bowlder  clav,  and  yel- 
low unstrati^ed  masses — ^terminal,  lateral,  and  superficial  moraines. 
Simultaneous  with  these  phenomena  we  have  this  action  of  the 
glacial  river,  namely,  a  partial  denudation  of  the  moraines,  and 
the  formation  of  stratifiea  gravel,  sand,  and  clay. 

The  glacial  phenomena  of  the  Glacial  period  were  as  follows : 
1.  The  sinking  of  the  temperature,  accompanied  by  the  formation 
and  increase  of  glaciers;  2.  The  motion  of  the  ice  to  its  extreme 
Hmit;  8.  The  formation  of  moraines,  of  which  a  part  were  moved 
forward  and  constituted  terminal  moraines,  while  another  portion 
was  passed  over  by  the  ice,  and  then  became  bottom  or  ground 
morames;  4,  The  removal  by  this  advancing  glacier  of  the  glacial 
river  deposits,  or  the  covering  of  them  by  the  glacier  itself  and  its 
ground  moraine.  A  geological  section  of  the  edge  of  the  ice 
would  then  present  cither  (a)  preglacial  beds ;  (b)  stratified  gla- 
cial deposits ;  (e)  a  ground  moraine ;  {d)  the  ice  with  its  terminal 
moraine :  or  (a)  scratched  rocks ;  (c)  a  ground  moraine ;  (d)  ice 
and  terminal  moraines.  The  first-named  section  is  most  common 
in  the  portions  of  Europe  covered  by  Scandinavian  erratics.  The 
second  is  found  generally  in  Scandinavia  and  in  the  United 
Sutes. 

The"  retrograde  movement  of  a  glacier  during  the  period  of 
melting  is  characterized:  1.  By  the  formations  of  upper  or  termi- 
nal moraines,  which  are  more  or  less  leveled  by  local  backward 
and  forward  movements  of  a  glacier  during  successive  intervals  of 
time ;  2.  By  stratified  river  deposits  lying  upon  the  unstratified 
yellow  moraine,  so  that  a  section  above  the  sections  just  described 
will  present  (a)  preglacial  beds ;  {b)  stratified  deposits ;  (c)  till  or 
ground  moraine;  (d)  terminal  moraines  leveled  down  to  great 
fields  containing  unstratified  materials ;  (e)  stratified  beds  formed 
by  glacial  rivers  with  gradually  descending  sources.  The  charac- 
teristics of  deposits  {b)  are  that  only  in  the  vicinity  of  high  moun- 
tains they  contain  rounded  stones,  while  farther  away  they  con- 
sist of  deposits  ci  sand  and  clay.  The  characteristics  of  the 
deposits  (e)  are :  A  blue  color,  due  to  the  seclusion  from  the  oxi- 
dising action  of  the  air;  compactness  and  hardness;  rounded 
form  of  the  bowlders,  which  are  polished  and  scratched,  and  also 
generally  brought  from  remote  places.  The  characteristics  of  the 
deposits  {d)  are:  A  yellow  and  reddish  color,  occasioned  by  per- 
oxidation of  iron,  comparative  looseness  of  the  mass,  and  greater 
angularity  of  the  bowlaers,  which  are  rarely  scratched,  and  usually 
betong  to  neighboring  localities.    The  characteristics  of  the  de- 
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posits  {e)  are:  Stratification^  abundance  of  rounded  and  un- 
scratched  bowlders ;  they  generally  consist  of  beds  of  gravel  and 
sand,  without  clay.  These  phenomena  are  found  not  only  in 
Europe  wherever  there  are  traces  of  the  ice  age,  but  are  observa- 
ble in  the  United  States  and  in  the  region  to  the  north  of  them. 
£ach  glacier  has  had  its  own  limited  area,  and  the  same  appears 
to  have  been  the  case  with  all  the  great  drift  deposits  in  North 
America.  The  greatest  ice-field  of  Europe  was  that  which  origi- 
nated in  the  highlands  of  Scandinavia,  and  thence  extended  over 
those  portions  of  Northern  Europe  which  are  known  to  be  covered 
by  Scandinavian  erratics. 

By  investigations  extending  through  a  long  period  of  years,  I 
have  found  that  the  above-mentioned  glacial  beds  or  deposits 
exist  in  all  the  countries  above  indicated.  The  Scandinavian  gla- 
cier crossed  the  Baltic  and  German  Ocean,  and  extended  its  mo- 
raines into  the  suburbs  of  London  on  the  west,  to  the  slopes  of 
the  Riesengebirge  in  the  southeast,  to  the  I'jemaye  Bay,  the  icy, 
on  the  northeast.  The  presence  of  precisely  similar  phenomena  in 
North  America  has  established  in  the  minds  of  a  majority  of 
geologists  the  conviction  that  a  vast  area  over  which  such  phe- 
nomena are  found  has  also  been  covered  with  ice.  But  if  we  care- 
fully examine  this  region  it  will  readily  appear  that  the  glacial 
area  is  not  continuous  from  ocean  to  ocean,  but  it  is  divisible  into 
a  northwestern  area,  and  the  Rocky  Mountain  area  and  others  to 
the  west,  separated  by  a  broad,  driflless  belt  extending  from  the 
base  of  the  Kocky  Mountains  nearly  to  the  Mississippi,  thus  forc- 
ing the  conclusion  that  the  great  Eastern  and  Western  ice-fields 
have  had  difierent  sources. 

It  has  been  the  opinion  of  many  distinguished  American  geolo- 
gists that  the  source  of  the  eastern  ice-fields  is  to  be  solight  in 
the  Canadian  highlands.  Against  this  opinion  several  important 
reasons  may  be  urged.  First,  in  the  portions  of  Canada  in  which 
the  glaciers  in  question  are  supposed  to  have  originated,  we 
have  reason  to  believe  that  the  rocks  are  rounded  and  scratched, 
phenomena  everywhere  recognized  as  glacial ;  but  I  think  in  no 
case  characterizing  rocks  known  to  have  been  covered  with  per- 
petual snow.  Again,  the  elevation  and  extent  of  the  highest  por- 
tions of  Canada  are  hardly  sufficient  to  account  for  the  requisite 
accumulation  of  snow  and  ice.  And  finally,  so  far  as  I  have 
learned,  there  is  not  formed  upon  the  rocks  of  the  northern  slope 
of  Canada,  nor  yet  in  bowlders  moved  by  glacial  force,  any  satis- 
factory evidence  that  there  had  been  a  northward  as  well  as 
southward  movement  of  glaciers  irom  the  highlands  of  Canada. 
If,  therefore,  the  phenomenon  of  the  northern  and  eastern  United 
States,  usually  supposed  to  be  glacial,  are  indeed  such,  and  if 
there  is  not  sufficient  reason  for  assuming  the  Canadian  highlands 
to  have  been  the  source  of  the  glaciers  which  produced  these  phe- 
nomena, then  the  source  of  them  must  be  sought  for  elsewhere. 

I  think  it  will  be  conceded  by  all  geologists  who  have  studied 
the  glacial  phenomena  of  these  regions  that  both  the  character  of 
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the  erratics  and  the  direction  of  the  scratches  upon  the  rocks 
show  that  this  source  most  lie  to  the  northeast  Following  the 
line  of  the  glacial  movement  across  Baffin's  Bay  and  Davis' 
Strait  to  Greenland,  we  find  that  the  largest  body  of  land  in  the 
northern  hemisphere,  covered  by  ice  and  snow  to  a  depth  of  not 
less  than  2,000  feet,  and  at  this  moment  sending  down  its  ice- 
bergs as  far  as  the  Middle  Atlantic.  From  the  sixtieth  degree  of 
latitude  to  above  the  eightieth,  this  vast  area  of  land  is  known  to 
be  ice-covered,  and  from  the  scarcity  of  the  icebergs  upon  the 
eastern  compared  with  the  western  coast  of  that  land,  it  may  be 
concluded  that  the  general  slope  of  the  surface  is  to  the  south- 
west, and  in  exact  direction  of  the  glacial  markings  of  what  is 
known  to  have  been  the  course  of  transported  bowlders  in  North- 
eastern America.  Moreover,  if  we  bear  in  mind  the  certainty 
that  during  the  Glacial  period  the  glaciers  moving  from  the 
heights  of  Greenland  toward  the  sea  could  not  have  formed  de- 
tached icebergs  as  now,  but  must  have  for  the  time  blocked  up  all 
avenues  except  the  one  of  easiest  escape  for  the  immense  accumu- 
lations of  ice,  we  may  easily  assume  that  this  avenue  was  south- 
westward  across  British  America  and  the  northeastern  part  of  the 
United  States. 

Finally,  it  may  be  remarked  that  this  view  is  strongly  con- 
firmed by  comparison  of  the  Scandinavian  with  the  American 
glacial  area,  for  in  addition  to  the  identity  of  the  general  phe- 
nomena there  is  observable  a  marked  resemblance  in  the  propor- 
tion between  the  extent  and  other  circumstances  of  the  two  areas, 
and  that  by  allowing  due  weight  to  all  the  evidences  adduced  in 
support  of  the  view  that  Greenland  was  the  source  of  the  glacial 
phenomena  of  the  area  in  question,  we  find  a  probable  and  rational 
solution  of  a  hitherto  unsettled  problem. 

6.  Note  on  the  Glacial  era;  by  James  D.  Dana. — Professor 
Torell,  in  his  important  paper  on  the  Glacial  phenomena  of  N  orth 
America,  supposes  that  we  differ  in  our  views.  It  is  a  pleasure  to 
know  that  we  agree  in  all  essential  points.  No  American  geol- 
ogist holds,  so  far  as  I  know,  that  ^'  the  source  of  the  eastern  ice- 
fields of  North  America  is  to  be.  sought  in  the  Canadian  high- 
lands." In  my  papers  on  this  subject  in  this  Journal  for  1871  (ii, 
324)  and  1873  (v,  204),  I  was  speaking  of  the  "Glacier  of  New 
England,"  that  is,  the  New  England  part  of  the  great  glacier; 
and,  the  conclusion  arrived  at  was  that  the  glacial  scratches 
over  New  England,  New  York,  and  the  region  of  Canada  just 
north,  converge  toM'ard  an  area  on  the  Canadian  watershed ;  and 
hence  that  the  movement  over  New  England  and  New  York 
diverged  from  this  area.  I  say  that  "  the  scratches  of  Eastern 
Canada,  of  the  high  land  of  Northern  New  England,  of  Eastern 
and  Western  New  York,  and  of  Northwestern  Canada,  point  to  a 
part  of  the  Canada  water-shed  between  the  St.  Lawrence  Valley 
and  Hudson  Bay  as  the  head  of  the  glacier  that  moved  southeast- 
wardly  over  New  England,"     I  regret  that  my  words  were  in  any 
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way  calculated  to  mislead.  Professor  Toreil  corrects  the  above 
view  by  makiog  Greenland  the  great  source ;  but  to  put  Green- 
land in  the  above  sentence  would  make  it  absurd,  for  no  height  of 
ice  in  that  land,  so  far  to  the  northeast,  could  have  determined 
southeastward  movements  over  New  England,  I  did  not  doubt 
that  the  ice  mass  of  the  Canada  water-shed,  continued  northward 
or  northeastward,  in  the  direction  of  the  region  of  greatest  precipi- 
tation, as  the  chief  ice-mass  of  the  continent ;  but  only  whether  the 
increase  of  height  in  that  direction  exceeded  enough  that  on  the 
water-shed  to  cause  movements  in  the  directions  indicated.  I  con- 
cluded that  the  height  of  the  ice-surface  on  the  water-shed  would 
have  had  to  have  been  at  least  13,000  feet  to  have  given  it  a  slope 
of  even  fifteen  feet  a  mile  to  its  cUschar^e  in  the  ocean  south  and 
east  of  New  England  and  ten  feet  a  mile  to  the  ice-surface  over 
Mount  Washington — the  smallest  pitch  that  seemed  to  be  capable 
of  producing  the  southward  and  southeastward  movement ;  and 
the  adding  of  ten  feet  a  mile  to  the  height  farther  north,  thus 
increasing  this  already  incredible  altitude  I  allude  to  (ii,  328) 
but  with  an  improbable  if.  The  region  of  greatest  height  to  the 
north  of  the  water-shed  I  did  not  consider,  because  it  was  not 
within  the  range  of  my  subject — the  source  of  the  "  New  England 
Glacier ;"  and  I  had  no  satisfactory  facts  as  to  the  present  amount 
of  precipitation  to  the  north,  much  less  any  data  for  judging  of 
the  hygrometric  condition  in  the  Glacial  era. 

In  this  Journal  for  April,  1875  (ix,  312),  in  citing  facts  from  Dr. 
Bell,  in  the  Report  of  the  Canada  Geological  Survey  for  1873-4, 1 
observe  that  the  facts  from  the  vicinity  of  Lake  Winnipeg  show 
that  a  line  of  greatest  glacier  height  was  continued  from  the  ice- 
sumrait  on  the  (Janada  water-shed  northward ;  but  not  necessarily 
that  the  height  northward  ^^  was  as  great  as  over  the  water-shed,^ 
for  "  the  greatest  height  would  have  been  where  there  was  the 
greatest  amount  of  precipitation,  supposing  the  melting  the  same.'' 
I  then  explain  the  absence  of  the  glacier  from  the  central  regions 
of  the  continent  (exclusive  of  the  Kocky  Mountains)  by  reference 
to  the  small  amount  of  precipitation  (referring  to  Schott's  Rain- 
chart),  and  to  the  high  degree  of  summer  heat,  thus  making  the 
glacier,  as  I  state,  a  great  coastward  ice-mass,  thinning  out  to  the 
westward ;  and  the  Continental  ice,  not  an  ice-cap,  but,  as  I  say 
in  a  subsequent  note  (x,  385,  1875),  an  *Mce-mantle  thrown  about 
the  pole  and  descending  along  the  borders  of  the  Contment, 
especially  the  eastern." 

6.  A  monograph  of  American  TrUohites ;  by  A.  W.  Vogdkb, 
U.  S.  Army.  16  pp.  Tampa,  Florida.— This  pamphlet  is  Part  I 
of  Lieut.  Vogdes'  monograph.  It  is  wholly  bibliographical,  giv- 
ing the  general  bibliogranhy  on  the  subject,  from  the  nrst  paper, 
in  1698,  by  Lhwyd,  and  tnen,  references  to  the  works  or  memoirs 
that  treat  of  the  several  species  of  the  genera  Asaphus^  Odonto- 
pleura  (Acidaspis),  Fro9tus,  BaihytmiSy  JBathyureUus^  Agraulos^ 
Ptychoparia  (Conocephalites),  and  Ceraurus. 
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8.  An  outline  of  the  Geology  of  Canada,  based  on  a  subdivision 
of  the  Provinces  into  natural  areas;  by  K  J.  Chapman,  Prof.  Min. 
and  GeoL,  University  College,  Toronto,  Canada.  106  pp.  8vo, 
with  several  maps  and  plates  of  fossils. — Prof.  Chapman's  work  is 
a  brief  resum6  of  the  facts  in  Canadian  geolof^y,  preceded  by  an 
Introdnction,  of  32  pages,  on  rock-formations  and  divisions  of  geo- 
logical time.  The  work  is  a  convenient  one  for  the  student  and 
also  for  the  geologist  who  would  acquire  a  general  knowledge  of 
British- American  Creology.  It  contains  six  plates  of  fossils  repre- 
senting Canadian  species. 

9.  Origin  of  Forest  and  Prairie  regions. — Pro£  J.  D.  Whitney 
has  a  valuable  paper  on  this  subject  in  the  American  Naturalist 
for  October  and  November. 

10.  The  Oreat  Ice  Age  and  its  relations  to  the  Antiquity  of 
Man,  by  James  Geikie,  F.R.S.,  of  H.  M.  Geological  Survey  of 
Scotland.  2d  edit  revised.  624  pp.  Bvo,  with  several  maps  and 
numerous  illustrations.  London,  1877.  (Daldy,  Isbister  &  Co.). 
— In  this  secx)nd  edition,  Prof.  Geikie's  very  popular  work  has 
received  various  additions  from  recent  observations,  partly  per- 
sonal, made  in  Britain,  and  from  researches  in  other  countries, 
America  included ;  and,  as  the  author's  preface  states,  much  of  it 
has  been  rewritten.  The  subject  is  well  treated  in  all  its  different 
branches,  and  the  illustrations  are  excellent.  The  maps  include  one 
of  North  America,  showing  the  southern  outline  of  the  glacier  and 
the  general  courses  of  erosion.  Among  the  changes  of  views 
introduced,  are  the  use  now  of  the  terms  till  and  Dowlder  clay 
"  as  strictly  synonymous ;"  and  the  adoption  of  the  conclusion  of 
Mr.  Jamieson,  that  ^'  the  sea  had  not  any  share  in  the  formation  of 
the  kames.''  The  work  is  the  best  review  of  the  subject  to  be  had, 
and  owes  much  of  its  value  to  Professor  Geikie's  own  researches. 

ni.  Botany  and  Zoology. 

1.  Date  of  Publication  of  Mliotfs  Botany  of  South  Carolina 
and  Qeorgux. — The  title-page  of  the  first  volume  bears  the  date 
of  1821.  But  it  is  well  known  that  the  work  was  issued  in  parts, 
and  that  the  publication  began  much  earlier.  The  actual  time  of 
issue  becomes  important  in  respect  to  the  priority  of  certain  ge- 
neric and  specific  names,  notably  those  in  Nuttall's  Genera,  pub- 
lished in  1818.  Contrary  to  the  testimony  of  the  title-pages,  it  is 
generally  understood  that  Elliott's  names  of  Podostigma  and 
Acerates  have  priority  over  Nuttall's  Stylandra  and  Anantherix, 
To  avoid  ftiture  trouble  it  is  desirable  to  put  upon  record  such 
evidence  upon  the  point  as  is  now  obtainable.  'Die  only  printed 
testimony  yet  met  with  is  in  the  JReliquioB  BaldwiniancB,  the  cor- 
respondence of  Dr.  Wm.  Baldwin  (Elliott's  ablest  collaborator), 
lovingly  edited  by  his  friend.  Dr.  Darlington.  By  reference  to 
pp.  202,  248,  249,  and  585,  it  is  made  out  that  the  first  number  of 
Elliott's  work  was  issued  as  early  as  October,  1816,  was  recalled, 
reprinted,  and  issued  anew,  along  with  the  second  number,  before 
Am.  Joob.  Sci.— Thibd  Series,  Vol.  XIII,  No.  78.— Jan.,  1877. 
6 
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January,  1817.  The  first  number  probably  ended  on  p.  96;  the 
second  on  p.  222.  The  third  and  fourth  numbers  were  published 
before  NoTember  IQ,  1817.  The  fourth  number  must  have  in- 
cluded p.  466 ;  the  fifth  and  concluding  number  of  the  volume  (to 
which  tne  title-page  assigns  the  date  of  1821),  must  begin  on  or 
before  p.  629.  For,  on  the  latter  page  Nuttall's  genus  DiamoT' 
pha  occurs,  and  his  work  is  for  the  first  time  cited ;  while  the  Pi^- 
atory  list  of  decandrous  genera,  on  p.  466,  does  not  contain  i>ia- 
morpha. 

lliis  is  confirmed  by  Elliott's  correspondence  with  Zaccbeus 
Collins,  now  in  the  possession  of  the  Academy  of  Natural  Sci- 
ences, Philadelphia,  which  Mr.  Redfield  has  kmdlv  consulted,  at 
my  request ;  from  which  it  appears,  in  short,  that  No.  1  was  first 
issued,  September  26,  1816;  No.  2,  on  or  before  February  19, 
1817;  No.  3,  on  or  before  April  3,  1817;  No.  4  and  No.  5,  no 
data  found ;  No.  6,  the  commencement  of  the  second  volume,  ap- 
peared on  or  before  October  12,  1821.  The  title  page  of  this  vol- 
ume bears  the  date  of  1824. 

The  collection  referred  to,  and  which  contains  a  series  of  letters 
of  Muhlenberg,  Elliott,  Bigelow,  Torrey,  and  others,  to  Collins, 
has  been  put  into  excellent  condition  for  preservation  by  Mr. 
John  H.  Redfield.  A  hasty  perusal  shows  that  it  is  replete  with 
interest.  It  would  be  well  if  the  Philadelphia  Academy  would 
print  it,  or  at  least  portions  of  it,  with  some  editorial  notes  which 
could  now  be  supplied,  but  for  which  it  may  now  ere  long  be  too 
late.  A.  G. 

2.  Homogone  and  Heterogone  (or  HomogonouB  and  Heterogo- 
nous)  Flowers, — That  difference  in  relative  length  or  height  of 
stamens  and  style,  reciprocally,  which  in  Torrey  and  Gray's  Plora 
of  North  America,  was  very  long  ago  designated  by  the  term  dujd' 
cio^imorphmn,  Mr.  Darwm — who  detected  and  has  made  much 
of  the  meaning  of  the  arrangement — called  simply  dimorphUm. 
Besides  these  dimorphic^  he  also  brought  to  view  trimorphic  flow- 
ers. The  first  name  is  too  long  for  use,  and  carries  with  it  some 
ambiguity,  since  it  may  imply  a  separation  as  well  as  a  diversifica- 
tion of  the  sexes.  Mr.  Darwin's  term  has  the  disadvantage  of  not 
indicating  what  parts  of  the  blossom  are  dimorphic  (hermaphrodite 
flowers  may  be  aimorphous  in  the  perigonium),  and  a  more  generic 
name  is  now  required,  on  account  of  trimorphic^  etc.  This  has 
been  supplied  by  Hildebrand,  in  Germany,  who  has  introduced 
the  term  heteroatyled  and  the  counterpart  homoatyled.  These  are 
not  particularly  happy  appellations ;  for  the  difference  is  in  the 
stamens  as  well  as  m  the  pistil,  and  in  the  latter  is  not  alwavs 
restricted  to  the  style.  W  ell-established  terms  ought  not  to  te 
superseded  on  the  ground  of  mere  improvement ;  but  those  which 
have  not  yet  taken  root  sometimes  may  be.  Followine  the  analogy 
oi  perigonium  or  perigone,  I  propose  the  more  exactly  expressive 
term  of  heterogone  (or  heterogonous)  for  these  flowers,  such  as 
those  of  Primula^  Houatonia^  Lythrum^  etc.  The  counterpart, 
homogone  (or  h^mogonoua)  would  designate  the  absence  of  this 
kind  of  differentiation.    These  terms,  either  in  Latin  or  English 
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form,  would  work  well  in  generic  or  specific  characters,  and  have 
the  advantage  of  etymological  correctness.  a.  g. 

3.  Geographical  Statistics  of  the  European  Flora. — In  a  paper 
contribated  m  18V4  to  the  Transactions  of  the  Historic  Society  of 
Lancashire  and  Cheshire,  Mr.  Thomas  Comber  discnssed  the  geo- 
graphical statistics  of  the  British  flora.  In  another  paper,  read 
March,  1876,  these  enquiries  are  extended  to  the  rest  of  the  flora 
of  Europe ;  and  the  dispersion  considered  with  regard  to  latitude, 
station,  habit  of  growth,  character  of  flower,  nature  of  fruit,  seed, 
etc.  Contrary  to  the  common  idea,  the  European  maritime  phse- 
nogamous  plants  appear  to  be  less  widely  dispersed,  on  an  aver- 
age, than  the  non-maritime.  Trees  and  snrubs  range  rather  more 
widely  than  herbaceous  plants  over  land,  less  so  over  sea.  Plants 
with  creeping  rootstocks  or  stolons  are  much  more  widely  dis- 
persed than  those  without  them.  The  distribution  of  annuals, 
especially  of  the  warmer  temperate  species,  exceeds  that  of  peren- 
nial herbs.  Endogens  are  more  widely  spread  than  Exogens, 
Apetalte  than  Polypetabe,  and  still  more  than  Gamopetalae; 
plants  with  inferior  ovary  are  more  limited  than  those  with  supe- 
rior ovary ;  that  is,  the  lower  and  less  specialized  in  structure  are 
more  widely  distributed  than  the  higher  or  more  specialized. 
That  the  inconspicuously  colored  surpass  in  range  those  with 
brightly  colored  and  conspicuous  flowers,  may  be  regarded  as 
another  illustration  of  the  same  rule.  The  Cryptogams,  of  course, 
have  much  the  widest  range.  Plants  with  fleshy  fruit  considerably 
surpass  those  with  dry  fruit  in  area  of  distribution,  in  the  ratio  of 
about  5  to  3.  Of  the  dry  fruits,  the  indehiecent  belong  to  plants 
with  a  somewhat  higher  average  of  distribution.  Tte  curious 
conclusion,  formerly  reached  from  various  data,  is  confirmed  by  the 
statistics  of  the  European  flora,  namely,  that  Compositm  with 
pappus,  on  the  average,  are  less  widely  distributed  than  those 
without;  and  generally,  that  plants  with  special  adaptations  for 
dispersion  of  fruit  or  seeds,  are  rather  less  widely  dispersed  than 
those  which  have  no  such  special  appliances ;  excepting,  however, 
the  coma  of  seeds.  This,  as  De  Candolle  concludes,  and  Mr.  Com- 
ber confirms,  is  accompanied  by  a  high  degree  of  dispersion. 
Much  of  this  probably  comes  from  the  large  number  of  ScUicea  in 
the  European  flora;  these  being  woody  plants  of  comparatively 
low  organization,  and  largely  boreal.  We  doubt  if  this  rule  holds 
with  AackpiadecB — the  most  comose-seeded  of  the  higher  orders. 
The  species  of  Asclepias  in  North  America  are  not  remarkable  for 
wide  range.  Although  number  of  seeds  might  be  supposed  to 
give  advantage,  yet,  on  the  whole,  the  European  plants  with  soli- 
tary seeds  have  somewhat  wider  range  than  those  with  two  or 
more  seeds  in  each  cell.  Plants  with  albuminous  seeds  somewhat 
surpass  in  range  the  exalbuminous.  This  is  remarkable  in  view  of 
the  fact  that  seeds  of  longest  known  vitality  and  which  best 
endure  exposure  to  sea  water,  are  mainly  exalbuminous  or  nearly 
so.  Large  genera  have  somewhat  higher  dispersion  than  small 
ones ;  and  variable  species,  than  those  not  particularly  variable. 
The  laws  that  govern  the  distribution  of  plants  are  complex  and 
recondite.  a.  g. 
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4.  The  Wild  Flowers  of  America.  Illustrations  by  Isaac 
Sprague.  Text  by  George  L.  Goodaxb,  M.D.,  Assistant  Profes- 
sor of  Vegetable  Physiology  and  Instructor  of  Botany  in  Harvard 
University.  Part  I.  Boston:  (Houghton  &  Co.)  Dec.  1876. 
pp.  16,  tab.  1-4,  imp.  4to. — It  is  proposed  to  published  this  work 
in  quarterly  parts  or  numbers,  and  in  it  "  to  present  illustrations 
and  descriptions  of  all  the  more  attractive  flowering  plants  of 
America," — meaning,  no  doubt,  the  United  States,  and  the  Atlan- 
tic portion  of  them,  without  excluding,  perhaps,  the  Western  and 
even  the  Pacific  States  as  the  work  goes  on.  It  is  a  large  under- 
taking, even  under  the  most  restricted  view.  The  want  has  been 
felt,  and  various  futile  attempts  have  been  made  to  supply  it. 
They  have  speedily  come  to  nought,  most  of  them  deservedly,  the 
few  worth  having  because  they  would  not  pay.  The  only  work 
of  the  kind  we  can  now  call  to  mind  which  gave  fairly  ^ood 
figures  of  our  wild  flowers,  and  which,  was  carried  beyond  a  single 
part  or  volume,  was  by  the  late  Dr.  W.  P.  C.  Barton.  This  was 
upon  a  plan  not  unlike  that  of  the  present  work,  perhaps  equally 
expensive,  for  the  figures  were  hand-colored,  but  far  less  sumptu- 
ous, and  the  figures — though  really  good — ^by  no  means  so  admira- 
ble as  those  by  Mr.  Sprague,  who  is  almost  unrivaled  as  a  botanical 
draughtsman.  These  figures  are  not  in  the  style  of  the  North 
American  Genera  Illustrated,  in  which  Mr.  Sprague's  talent  in  this 
line  was  first  made  known.  The  plates  of  that  work  were  ad- 
dressed to  botanbts  only,  are  uncolored  outlines,  mainly  valuable 
for  their  dissections  and  other  details.  These  are  imperial  quarto 
plates,  representing  the  flowers  and  as  much  of  the  herbage  as  is 
needed  to  give  their  p4rt  and  bearing,  in  their  natural  colors, 
/  reproduced  from  the  artist's  paintings  by  the  chromo-lithographic 

/  process.    The  undertaking  was  probably  suggested  by  the  sucoess 

of  this  kind  of  work  by  the  same  artist  in  the  colored  plates  of 
Mr.  Emerson's  Trees  and  Shrubs  of  Massachusetts,  to  which  we 
called  attention  a  year  ago.  The  present  work  therefore  ad- 
dresses itself  to  amateurs  as  well  as  to  botanists,  to  all  lovers  of 
flowers  and  admirers  of  beautiful  works  of  art  From  all  these 
evidently  it  must  have  a  large  patronage  if  it  is  to  prosper  and 
continue.  Nothing  upon  such  a  scale  of  excellence  has  ever  been 
attempted  in  this  country  before.  The  plates  are  simply  exquisite ; 
in  the  typography  the  Riverside  Press  has  done  its  best;  and  the 
letterpress  not  only  describes  the  flowei's  represented  clearly  and 
popularly,  but  expatiates  upon  their  arrangements  for  insect-aid 
in  fertilization — the  novel  and  attractive  topic  of  the  day — and 
adds  other  curious  lore. 
The  first  plate  charmingly  represents  our  wild  Columbine 
/  {Aquilegia  Canadensis) ;  the  second,  our  wild  Cranesbill  ( Gera- 
\\  A  I  ninm  maculatum);  the  third,  M««y-leaved  Aster  {Aster  undtdor 
tus) ;  the  fourth,  both  the  Yellow  Gerardia  ( Q,  flava)  and  the 
commoner  slender  purple  species,  G,  tenuifolia,  (We  take  blame 
to  ourselves  for  having  given  currency  to  "  False  Foxglove  "  as  a 
popular  name  for  the  large  yellow-flowered  species  of  Gerardia. 
Gerardia  makes  a  good  popular  name,  and  would  soon  become  as 
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familiar  as  Magnolia  or  eveo  Lobelia,)  "The  great  expense  at- 
tending the  work  requires  that  the  price  per  part  shall  be  $5.00," 
say  the  publishers.  We  admire  their  courage  in  the  enterprise, 
and  in  aiming  at  the  highest  attainable  excellence.  There  are 
indications  that  their  laudable  endeavors  will  be  responded  to, 
and  that  the  time  has  at  length  arrived  when  a  popular  work  of 
this  kind  and  in  this  style — so  creditable  to  all  concerned  in  it^ — 
may  be  appreciated  and  sustained.  a.  a. 

5.  Report  upon  Geographical  and  Geological  Explorations  and 
Surveys,  west  of  the  (hie-hundredth  Meridian,  in  charge  of  First 
Lieutenant  Geo.  M.  Wheeler,  under  the  direction  of  Brigadier 
Greneral  A.  A,  Humphreys,  Chief  of  Engineers,  U.  S.  A.  Vol  V. 
Zoology.  Washington:  Govemment  Printing  Office.  4to,  1019 
pp.,  with  45  plates. — This  large  and  valuable  volume  is  hand- 
somely executed,  and  is  in  every  way  creditable  to  the  officers 
under  whose  direction  it  has  been  prepared,  and  to  the  several 
naturalists  who  have  contributed  reports  to  it.  The  plates 
are  well  executed,  and  several  are  colored  (chromolithographs.) 
Although  this  volume  is  dated  1875,  and  was  doubtless  then 

Erinted,  it  appears  not  to  have  been  actually  published  until  the 
itter  part  of  the  summer  or  early  in  the  autumn  of  1876.     It  in- 
cludes the  following  reports : 

Introductory  Letter,  by  H.  C.  Yarrow,  M.D.,  surgeon  and  natu- 
ralist to  the  expedition ;  Notes  upon  Geographical  Distribution 
and  Variation,  by  Dr.  Yarrow;  Keport  upon  the  collections  of 
Mammals,  by  Dr.  £lliott  Coues  and  Dr.  Yarrow ;  Report  upon 
the  Ornithological  Collections,  by  H.  W.  Henshaw ;  Report  upon 
the  collections  of  Batrachians  and  Reptiles,  by  Dr.  H.  C.  Yarrow ; 
Synopsis  of  the  Reptiles  and  Batrachians  of  Arizona,  with  critical 
and  field  notes  and  an  extensive  synonymy,  by  Dr.  Coues; 
Report  upon  the  collections  of  Fishes,  by  Prof.  E.  D.  Cope  and 
Dr.  Yarrow;  Report  upon  the  Hymenoptera,  by  E.  T.  Cresson, 
with  List  of  FormicidfiB,  by  Edward  Norton ;  Reports  upon  the 
Diurnal  Lepidoptera,  by  T.  L.  Mead  and  W.  H.  Edwards ;  Report 
upon  new  species  of  Zygtenidae  and  Bombycid»,  by  R.  H.  Stretch; 
Keport  on  Diptera,  by  C.  K.  Osten-Sacken ;  Report  upon  the 
Coleoptera,  by  Henry  iTlke ;  Report  upon  the  Hemiptera,  by  P. 
R,  Uhler ;  Report  upon  the  Orthoptera,  by  Prof.  Cyrus  Thomas ; 
Report  on  the  Neuroptera  and  Pseud o-neuropfcei*a,  by  H.  A.  Ha- 

fm ;  Report  upon  the  terrestrial  and  fluviatile  MoUusca,  by  Dr. 
arrow ;  Report  upon  the  fresh-water  Leeches,  hj  A.  R  Verrill. 
The  plates  illustrate  rare  or  novel  species  and  varieties  of  birds, 
reptiles,  fishes,  and  insects.  a.  e.  v. 

rv.  Astronomy. 

1.  The  secular  change  of  Magnetic  Declination  in  the  United 
States,  and  other  parts  of  North  America:  New  discussion  by 
Charles  A.  Schott,  Assistant  U.  S.  C.  S. — This  is  an  exten- 
sion of  Mr.  Schott's  paper  in  the  Coast  Survey  Report  of  1 859, 
and  forms  App.  No.  8  of  the  Report  for  1874.     Forty- three  sta- 
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tioDS  are  represented  in  the  discnssion,  and  over  400  observations. 
FormulflB  are  given  for  each  station,  with  decennial  tables  com- 
puted therefrom.     Mr.  Schott  says : 

'*  A  cm^ory  examination  of  the  column  containing  the  epochs 
of  greatest  easterly  excursion,  the  deflecting  force  producing  the 
secular  change  attaining  then  an  easterly  maximum,  shows  that 
the  needle  became  stationary  in  direction,  and  then  reversed  its 
secular  motion,  in  the  New  England  States  toward  the  end  of  the 
past  century,  in  the  Atlantic  coast  States  to  the  west  and  south 
early  in  the  present,  and  in  Mexico  about  the  close  of  the  first 
third  of  the  present  century.  In  California,  Oregon  and  Wash- 
ington Territory,  it  has  not  yet  reached  this  condition.  We  thus 
have  the  following  epochs  lor  comparison:  Halifax,  about  1711 ; 
Portland,  Portsmouth,  Newburyport,  Salem,  Boston,  Cambridge, 
Nantucket  and  Providence,  about  1779;  Hartford,  New  Haven, 
New  York,  Hatborough,  Philadelphia,  Washington  and  Cape 
Henry,  about  1 800 ;  Charleston,  Savannah,  Key  West  and  Havana, 
about  1800;  New  Orleans,  about  1831 ;  Vera  Cruz,  Mexico,  Aca- 
pulco  and  San  Bias,  a^out  1837;  San  Diego,  Monterey  and  San 
Francisco,  expected  about  1907  (yet  very  uncertain.) 

We  are  thus  directed  to  the  extreme  northeastern  States  for 
probable  indications  of  what  may  be  expected  to  follow  on  the 
seaboard  in  more  southern  and  western  States.  Respecting  the 
secular  movement  of  the  needle,  apparently  a  little  more  than  a 
century  passed  before  the  influence  which  produced  the  turning  of 
the  north  end  of  the  needle  westward  in  Maine  (increasing  there 
the  western  declination),  was  felt  in  Lower  California  (diminishing 
there  the  eastern  declination).  In  California,  Oregon,  and  Wash- 
ington Territory,  the  eastern  declination  is  at  present  still  increas- 
ingj  but  with  a  losing  rate.  By  the  time  the  western  elongation 
of  the  secular  change  is  reached  in  Maine,  we  may  expect  to  see 
the  needle  in  the  opposite  phase,  or  at  its  eastern  elongation  in 
California.  We  cannot  as  yet  follow  this  influence  directly  over 
the  interior  of  the  United  States  for  want  of  early  observations ; 
the  westernmost  interior  stations  for  which  an  epoch  could  be 
made  out  were  Buflalo,  Erie,  Cleveland  and  Detroit ;  these  give 
the  average  turning  epoch  1794.  It  may  be  quite  practicable 
hereafter  to  trace  out  curves  uniting  all  stations  where  the  needle 
was  stationary  at  a  given  epoch,  and  again  at  other  epochs  for 
regular  intervals  of  time,  say  of  ten  or  twenty-five  years. 

Ketuming  to  the  first  table,  the  constant  in  each  formula  would 
represent  the  normal  direction  of  the  needle  about  which  the  mo- 
tion constituting  the  secular  change  would  be  performed  in  an 
average  cycle  of  about  two  hundred  and  seventy  years,  and  with 
extreme  deflections  on  either  side  of  it  equal  to  the  coefficient  of 
the  periodic  term,  all  under  the  supposition  that  the  law  of  the 
secular  movement  was  truly  expressed.  It  is  no  doubt  much  more 
complex,  and  besides  may  fail  at  any  time;  yet,  as  far  as  our 
present  experience  reaches,  and  within  the  interval  when  the  first 
reUable  observations  were  made  to  the  present  time,  it  is  found 
trustworthy." 
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2.  Investigation  of  Corrections  to  Sansen's  Tables  of  the  Moon; 
by  S.  Nbwcomb, — This  memoir  forms  Part  HI  of  papers  pub- 
lished by  the  Commission  on  the  Transit  of  Venus.  For  determin- 
ing the  longitude  of  the  Transit  Stations  from  moon  occultations 
it  became  necessary  to  determine  the  errors  in  the  tables  of  the 
moon  which  13  years'  observations  and  the  discussions  of  earlier 
data  develop,  ft  was  already  known  that  an  unexplained  correc- 
tion to  the  moon's  mean  motion  must  be  applied,  that  now 
amounts  to  about  10'.  In  addition  to  this  and  to  several  other 
corrections,  Pro£  Newcomb  finds  an  empirical  term  necessary  to 
satisfy  observations,  the  form  of  which  is, 

l',60  sin.  [/7+21°,6(Y-18661)], 
where  g  is  the  mean  anomaly,  and  Y  the  date  in  years.    This  term 
is  not  yet  explained  in  the  theory  of  the  moon. 

3.  KnodePs  H^erence  Catalogue  of  AstronomiccU  Papers  and 
Researches. — We  have  received  advance  sheets  of  the  Monthly 
Notices  of  the  Royal  Astronomical  Society  for  November,  1876, 
which  contains  an  important  bibliographical  paper  by  E.  B. 
E^OBEL,  F.R.  A.S.,  with  the  title  above.  The  author  has  selected 
various  subjects  of  Stellar  Astronomy,  and  has  made  nearly 
exhaustive  indices  of  the  various  memoirs  and  papers  relating  to 
these  published  in  the  many  astronomical  and  scientific  periodi- 
cals and  in  separate  treatises.  The  subjects  chosen  are:  (1.) 
Double  Stars,  and  the  theory  of  Binary  Systems.  (2.)  Variable 
Stars.  (3.)  Red  Stars.  (4.)  Nebulae  and  Clusters.  (6.)  Stellar 
proper  motions.  (6.)  Parallax  and  Distance  of  Stars.  (7.)  Star 
Spectra.  These  are  thoroughly  and  careftdly  indexed,  Double 
Stars  alone  having  over  700  references,  and  the  rest  being  equally 
full.  There  are  about  3,000  references  in  the  list,  and  a  careftd 
examination  of  one  section  by  the  writer  has  proved  its  accuracy 
and  its  completeness.  e.  s.  u. 

V.  Miscellaneous  Soiei^ipic  Intelligenck 

1,  Notes  on  Assaying  and  Assay- Schemes ;  by  Pibbre  de 
Peyster  Ricketts,  E.M.,  Ph.D.,  etc.  172  pp.  8vo.  New  York. 
1876. — Dr.  Ricketts,  Instructor  in  Charge  of  the  Assay  Laboratory 
of  the  School  of  Mines,  Columbia  College,  has  embodied  in  this 
work  the  system  of  assaying  practiced  m  the  school  which  has 
been  developed  under  Dr.  Chandler  and  his  assistanta  Every 
such  treatise  is  sure  to  add  something  to  the  common  stock  in  its 
department.  The  notes  are  systematic,  and  the  assay-schemes  are 
clearly  presented  and  specific.  b.  s. 

2.  Alcoholic  Strength  of  Australian  Wines, — From  the  report 
of  a  commission  appointed  by  the  Governor  to  inquire  into  the 
alcoholic  strength  of  South  Australian  wines,  and  printed  by 
authority  of  the  House  of  Assembly  (July,  1874)  at  Adelaide,  it 
appears  that  the  amount  of  glucose  in  the  mature  grapes  of  that 
province  ranges  from  25  to  30  per  cent,  and  produces  in  the  wine 
an  alcoholic  strength  of  from  28  to  40  per  cent  of  proof  spirit. 
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One  sample  of  must,  prepared  March  24,  1874,  from  the  press  of 
Hon.  Samuel  Davenport,  at  Beaumont,  gave  a  specific  gravity  at 
70°  F.  of  1-1425,  which  corresponds  to  28*409  grams  per  gallon  of 
glucose,  and  20*743  per  cent  of  absolute  alcohol,  or  44*522  of  proof- 
spirit  by  measure. 

The  average  of  17  samples  of  must,  pressed  from  the  grapes  by 
the  two  analysts,  Messrs.  Copins  and  Thomas,  to  avoid  all  chance 
of  falsification  in  the  hands  of  the  vintner,  gave  for  the  specific 
gravity  1*1 170:  grape-sugar,  27*259=proof-spirit,  28*419  percent. 
The  maximum  of  sugar  and  proof-spirit  in  the  17  samples  exam- 
ined by  these  two  chemists  was  found  in  the  juice  of  the  Frontig- 
nan  grape  grown  by  Mr.  Gillard,  at  Norwood,  namely — sugar, 
32-165 ;  proof-spirit,  33-606. 

Mr.  Francis,  one  of  the  analysts,  says  in  his  report, "  the  natural 
grape  juices  of  this  colony  are  capable  of  producing  very  strong 
wines,  which  are  more  likely  to  exceed  26  per  cent  of  proof-spint 
than  otherwise,  and  that  the  fruit  contains  all  the  elements  to  set 
up  and  complete  fermentation  to  the  full  conversion  of  the  sugar 
into  alcohol  without  acetification." 

From  the  colonies  of  Victoria  and  New  South  Wales  we  have  a 
report  on  the  alcoholic  strength  of  200  samples  of  wine,  of  which 
38  were  from  the  latter  colony,  in  Albury  district;  101  from  Mur- 
ray district,  in  Victoria,  and  the  remainder  from  eight  other  wine 
districts  of  the  same  colony.  Messrs.  Moody  and  Heath,  govern- 
ment inspectors  of  distilleries,  made  the  determinations.  They 
show,  for  New  South  Wales  and  the  Murray  district,  a  range  of 
proof-spirit  from  a  minimum  of  20  per  cent  to  a  maximum  of  34, 
the  greater  number  ranging  about  28. 

The  grapes  cultivated  are  exclusively  of  European  origin.  The 
soil  and  climate  are  wonderfully  well  adapted  to  the  growth  of 
abundant  fruit;  but  as  yet  the  qualities  of  bouquet  and  Savor,  ad- 
mired in  the  best  European  wines,  are  feebly  and  often  not  at  all 
developed  in  those  of  Australia  made  from  the  same  grapes.  Nor 
is  the  gdut  de  terre — the  result  of  a  too  rank  soil  and  growth — 
wanting  in  the  Australian  wines.  In  this  respect  and  in  intoxi- 
cating power  they  much  resemble  the  wines  of  California,     b.  a 

OBITUART. 

F.  B.  Mbkk,  the  author  of  various  elaborate  works  and  memoirs 
on  American  Paleontology,  died  on  the  22nd  of  December.  An 
obituary  notice  is  deferred  to  the  following  number. 

David  Forbes,  a  learned  geologist.  Foreign  Secretary  of  the 
Iron  and  Steel  Institute,  one  of  the  Secretaries  of  the  Geological 
Society  of  London,  a  Fellow  of  the  Chemical  and  also  of  the 
Royal  Society,  died  on  the  5  th  of  December,  aged  forty-eight 
years.  He  was  a  great  traveller  and  resided  for  a  while  in  Bolivia 
and  Peru  making  researches  in  its  mines  and  geology,  which  he 
afterward  published. 
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Abt.  VIII. — Astronomical  Observations  on  the  Atmosphere  of  the 
Bocky  Mountains^  made  at  elevations  of  from  4,500  to  11,000  ^i, 
in  Utah  and  Wyoming  Territories  and  Colorado;  by  Henby 
Draper,  M.D.,  rrofessor  of  Analytical  Chemistry  and  Physi- 
ology in  the  University  of  New  York. 

Antons  who  observes  with  a  lar^e  telescope  soon  becomes 
aware  of  the  great  obstacle  atmospheric  undulation  offers  to  the 
pursuit  of  astronomy,  particularly  in  the  application  of  photog- 
raphy and  the  spectroscope.  During  two  years  when  I  photo- 
graphed the  Moon  on  every  moonlight  night  at  my  observatory* 
there  were  only  three  occasions  on  which  the  air  was  still  enough 
to  give  good  results,  and  even  then  there  was  unsteadiness. 
Out  of  1,500  lunar  nc^tives  only  one  or  two  were  really  fine 
pictures.  A  letter  which  the  late  Mr.  Bond  wrote  to  me  states 
that  in  seventeen  years  he  had  never  met  with  a  perfectly  fault- 
less night  at  the  Cambridge  Observatory. 

Such  facts  naturally  cause  astronomers  to  consider  whether 
it  is  not  possible  to  diminish  atmospheric  disturbances,  and  have 
led  to  the  celebrated  expeditions  of  Professor  Piazzi  Smyth  to 
the  Peak  of  Teneriffe  and  Mr.  Lassell  to  Malta.  Theoretically, 
it  would  seem  that  the  only  complete  solution  is  to  ascend  high 
mountain  ranges  or  isolatea  peaks,  and  leave  as  much  as  possible 
of  the  air  below  the  telescope. 

Having  had  occasion  during  the  months  of  August  and  ^p- 
tember,  1876,  to  go  on  a  hunting  trip  with  two  distinguished 
officers  of  the  United  States  Army  into  the  Rocky  Mountains 

*  Profeflsor  Henry  Dn^r's  Obeervatory  is  at  Hasthigs-oii-Hiidfloii,  near  Kew 
York ;  latitade  40*"  59'  26' ;  longitude  73"^  62^  26';  elevation  above  the  sea,  226  feet 
Am.  Joub.  Soi.— Thibd  Ssbiis,  Vol.  Xin,  Na  7i.^FBB.,  1877. 
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and  Wahsatch  range,  I  thought  it  desirable  to  carry  a  telescope 
with  a  yiew  of  ascertaining  whether  there  would  be  suflficient 
inducement  to  return  with  my  twelve-inch  achromatic  or  twenty- 
eight-inch  reflector  and  make  a  prolonged  stay.  The  experience 
which  Professor  Young  had  had  at  Sherman  station,  on  the 
Union  Pacific  Railroad,  left  the  question  open,  for  he  suflTered 
from  an  unusually  cloudy  season,  and,  while  he  obtained  very 
gratifying  results,  he  seems  on  the  whole  to  have  been  disap- 
pointed with  the  character  of  the  atmosphere. 

As  the  region  into  which  the  party  proposed  to  go  was  diffi- 
cult of  access  and  entirely  without  roads  and  much  of  the 
traveling  was  to  be  on  horseback,  through  fallen  timber  and 
up  precipitous  places,  it  was  not  feasible  to  take  an  instrument 
of  any  great  size.  I  therefore  contented  myself  with  a  small 
achromatic  of  unusual  excellence.  Though  of  only  one  and 
one-quarter  inches  aperture,  it  beare  a  power  of  upwards  of 
sixty  completely,  and  I  think  would  carry  one  hundred.  It 
was  provided  with  a  short  brass  tripod,  holding  an  altitude 
and  azimuth  movement,  giving  both  steadiness  and  smoothness 
of  action.  The  eye- piece  was  capable  of  adjustment  by  a  rack 
and  pinion,  and  the  object-glass  was  so  arranged  in  its  cell  as  to 
be  free  from  injurious  compression.  This  little  lens  stands  the 
severe  tests  invented  by  Foucault,  and  in  spite  of  its  size  is 
capable  of  doing  good  work. 

In  such  observations  on  the  atmosphere  as  those  propo«3ed 
during  this  trip,  it  is  obvious  that  there  are  mainly  two  points 
to  be  considered :  first,  freedom  from  tremor,  and  second,  trans- 
parency. A  station  which  combines  both  is  most  desirable,  but 
a  marked  predominance  of  steadiness  gives  special  advantages 
for  celestial  photography  while  increase  of  transparency  even 
if  accompained  by  unsteadiness  is  of  value  in  eye  observa- 
tiona  I  had  been  led  to  suppose,  from  conversations  with 
Government  officers  and  persons  connected  with  the  geological 
and  geographical  surveys  of  the  Territories,  that  the  Wahsatch 
range,  which  is  intermediate  between  the  Sierra  Nevada  on  the 
west  and  the  true  Rocky  Mountains  on  the  east,  would  oflFer 
the  greatest  advantagea  This  supposition  turned  oat  to  be 
altogether  incorrect,  though  it  might  have  been  argued  that  a 
high  range  flanked  at  a  distance  on  either  side  by  other  higher 
ranges  should  have  given  the  maximum  chance  for  cloudless 
and  still  skies. 

We  first  went  to  Salt  Lake  City,  which,  according  to  the 
Oasella  aneroid  I  carried,  is  at  an  elevation  of  4,650  feet  above 
the  sea.  It  lies  at  the  foot  of  the  Wahsatch  range.  At  eleven 
o'clock  on  the  evening  of  arrival,  August  25th,  I  took  some 
observations  from  the  hotel,  after  carefully  centering  the  object- 
glass.      Saturn   looked   about  the  same  as  on   an  ordinary 
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night  at  my  observatory.  Capella,  which  was  iust  clear  of  the 
house-tops  across  the  street,  twinkled  as  badly  both  to  the 
naked  eye  and  in  the  telescope  as  I  have  ever  seen  it  at  the  sea- 
level.  Lieutenant  Warren,  of  Camp  Douglas  (a  military  post 
near  the  city)  said  there  had  been  a  heavy  rain  the  week 
previous  and  the  air  was  more  moist  than  usual.  I  had  noticed 
that  the  sun  set  among  just  such  a  bank  of  clouds  as  we  are 
accustomed  to  see  in  New  York.  I  was  somewhat  prepared  for 
a  tremulous  condition  in  these  htgh  regions,  because,  the  pre- 
ceding night  having  stopped  for  a  few  minutes  at  Port  Steele, 
OD  the  Union  Pacific  Railroad,  I  perceived  that  Antares 
twinkled  very  much  though  we  were  nearly  7,000  feet  above 
the  sea. 

However,  in  order  to  make  a  thorough  trial  it  seemed  best  to 
ascend  one  of  the  high  peaks  of  the  Wahsatch,  and  accordingly 
the  Red  'Butte  was  selected.  The  officers  at  Camp  Douglas 
facilitated  the  trip  in  every  way,  furnishing  horses  and  a  guide, 
and  the  surgeon  of  the  Post,  Dr.  Smart,  who  is  an  able  and 
scientific  man,  accompanied  me.  The  peak  proved  to  be  7,850 
feet  high.  Though  it  was  quite  clear  when  we  started,  clouds 
gathered  in  every  direction  as  the  sun  went  down,  and  at  night- 
fall the  sky  was  entirely  overcast.  Moreover,  the  wind  blew  so 
strongly  tliat  it  was  necessary  to  retire  over  the  brow  of  the 
mountain,  and  eventually  we  returned  to  Camp  Douglas.  At 
this  point,  5,250  feet  above  the  sea  and  about  600  feet  higher 
than  Salt  Lake  Citv,  the  telescope  was  set  up  to  take  advantage 
of  some  breaks  in  the  clouds,  through  which  the  Moon,  Antares, 
Z  Urs»  Majoris  and  Jupiter  appeared.  With  a  power  of  only 
twenty  the  twinkling  was  surprisingly  great ;  I  do  not  remember 
ever  to  have  seen  it  worse  with  my  large  instruments. 

These  results  led  to  an  examination  into  the  meteorology  of 
Salt  Lake  City,  so  as  to  find  out  the  rainfall  and  its  distribution 
and  the  percentage  of  cloudy  days.  Dr.  Smart  had  the  follow- 
ing copy  of  the  post  records  maae  for  me : 

Table  l.—Rai/irfaU  and  other  Cloudy  Days  at  SaU  Lake  City, 


JjjrUABT. 

lUBOH. 

April. 

Mjlt. 

Jxnsrn, 

Amltod 
8ao». 

CI'4y 

lUia 
ftdl. 

Ci'dy 
dayi. 

lUln 
Ml. 

Cl'dy 
days. 

Rain 
ML 

dayi. 

lUln 

Cl'dy 
d«yi. 

lUlB 

tell. 

Cl'dy 
d.yi 

1872 

1-30 

_. 

2-60 

19 

i'2b 

.- 

2-04 

.. 

2-84 

16 

•68 

11 

1873 

2-18 

28 

1-89 

19 

•90 

11 

2-00 

10 

410 

16 

•24 

5 

1874 

1-28 

18 

1-08 

17 

2-87 

21 

•77 

16 

2-89 

16 

•72 

18 

1875 

3-21 

31 

•80 

28 

2-87 

81 

1-05 

28 

8-29 

4 

110 

7 

187e 

1-22 

27 

•flO 

23 

4-00 

28 

1-79 

17 

4-04 

19 

•14 
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Table  I— oontiiiiied. 
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ML 
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•08 

10 

•T2 

16 

•M 

9 

1-44 

18 

•66 

16 

2-26 

16 

1878 

•13 

7 

•04 

14 

•42 

6 

•84 

18 

•38 

10 

1-20 

24 
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10 
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9 

'99 

6 
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27 

2-26 

26 

1-06 

27 

1875 

•w 

14 

0 

6 

116 

18 

1-48 

18 

4-64 

80 

2-78 

81 

1876 

1-08 

6 

From  Table  I,  it  appears  that  the  average  annual  rainfiiU  for 
the  past  five  years  is  18tVs  inches,  distributed  as  shown  in 
Table  II.  There  is  no  perfectly  dry  month,  the  nearest  approach 
beinff  during  the  summer.  The  cloudy  days  are  194  per  annum, 
the  disposition  being  similar  to  the  rainfall 


January. 

1-64  inchea  of  rain. 

25  cloudy  days. 

Febroary, 

1-44 

< 

21 

t( 

March, 

2-27 

< 

28 

i< 

^t 

158           ' 

16 

« 
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14 

II 

June, 

•56 

9 

11 
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•80 

9 

i( 
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11 

8 

11 
II 
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1-41 

18 

If 

NoTcmber, 

1^96 

1 

20 

II 

December, 

1-82 

i< 

24 

II 

A  former  pupil  of  mine,  and  graduate  of  the  University,  Dr. 
Benedict,  intormed  me  that  the  Mormons  believed  the  rainfall 
had  much  increased  since  their  community  had  settled  in  Utah, 
and  this  seems  to  be  borne  out  by  the  statement  that  whereas 
formerly  three  gallons  of  Salt  Lake  water  produced  on  evapora- 
tion one  gallon  of  salt  it  now  takes  four  gallons  to  produce 
the  same  quantity. 

On  the  whole  it  is  doubtful  whether  there  would  be  enough 
advantage  in  bringing  a  lar^e  telescope  to  this  region  to  make 
it  worth  while  to  encounter  the  labor  and  expense. 

On  August  80th,  having  taken  an  escort  we  moved  south 
from  Fort  Steele,  latitude  4:V  48',  longitude  107*"  09',  along  the 
north  fork  of  the  Platte  Eiver  into  the  main  range  of  the 
Socky  Mountaina  During  the  fifteen  days*  expedition  there 
were  only  two  niffhts  on  which  we  saw  clouds  enough  to  pre- 
vent astronomical  working,  and  only  one  thunder  storm  of  any 
moment  took  place  in  our  immediate  vicinity;  about  one- 
quarter  of  an  inch  of  rain  fell.     The  sky  was  rarely  perfectly 


Digitized  by  VjOOQIC 


an  the  Atmosphere  of  the  Bochy  Mountains.  9S 

free  from  clouds  and  many  local  thunder  storms  occurred 
about  the  higher  peaks,  but  they  seldom  extended  to  the 
plateaus  below. 

September  1st  and  2d  our  camp  was  8900  feet  above  the 
sea  in  the  vicinity  of  mountains  rising  10,000  and  11,000  feet 
These  peaks  seemed  to  be  nearer  than  they  really  were,  for  the 
transparency  of  the  air  causes  estimate  of  distance  to  be  decep- 
tiye.  From  the  top  of  one  I  subsequently  saw  the  Seminole 
mountain  which  was  160  miles  distant ;  it  did  not  appear  to  be 
60  miles  away.  The  night  of  Sept  1st  was  quite  clear,  ^ith 
very  little  cloud,  and  the  atmosphere  remarkably  tranquil 
Antares,  when  near  setting,  hardly  twinkled  at  all,  and  Arc- 
tarus  in  the  telescope  exhibited  four  diffraction  rings  unbroken 
by  flickering.  The  central  disc  was  as  hard  and  sharply  de- 
fined as  the  pinhole  in  the  lamp  screen  I  am  accustomed  to 
use  in  testing  specula  and  lenses.  I  looked  for  the  companion 
of  Polaris,  but  partly  on  account  of  the  nearly  full  Moon,  and 
partly  from  the  thickness  of  the  diffraction  rings,  I  could  not  be 
sure  of  it  The  Moon  was  perfectly  steady ;  with  a  power  of 
60  there  was  no  trace  of  twinkling  at  the  terminator.  I  tried 
to  see  Titan,  the  largest  satellite  of  Saturn,  but  did  not  succeed. 
At  the  time  it  was  not  certain  whether  this  failure  was  due  to 
the  position  of  Titan  with  relation  to  Saturn,  or  whether  it 
arose  from  the  blinding  effulgence  of  the  Moon.  Gapella  was 
perfectly  steady  though  there  was  a  slow  change  of  color 
irom  bluish  to  reddish  occupying  about  a  second. 

The  succeeding  night  at  nine  o'clock,  though  the  sky  was 
mostly  covered  with  cumulus  clouds  in  motion  southward,  I 
was  surprised  to  find  the  terminator  of  the  Moon  absolutely  free 
from  twinkling,  and  Arcturus  down  among  the  tops  of  the 
dead  aspen  trees  as  steady  as  possible.  The  four  diffraction 
rings  round  the  central  disc  were  not  perfectly  circular,  but 
that  was  the  fault  of  the  lens.  Every  defect  of  centering  or  of 
surface,  and  any  vein  in  the  glass  comes  out  even  more  clearly 
than  in  the  workshop  examinations,  because  while  the  air  is  as 
steady  the  light  is  far  more  intensa 

I  am  certain  if  a  large  telescope  could  be  brought  here  and 
maintained  against  the  furious  winds  great  results  might  be 
attained  if  there  is  much  of  this  weather.  But  this  particular 
place  is  difficult  of  access  and  possibly  no  better  than  other 
situations  on  the  line  of  the  railroad.  The  sky  is  not  as  black 
as  I  had  expected ;  it  is  rather  of  a  light  blue,  though  the  full 
Moon  makes  much  differen(3e.  ' 

On  several  other  nights  in  both  lower  and  higher  places  I 
made  observations  but  never  saw  the  combination  of  steadiness 
and  transparency  again.  On  the  plateaus  at  the  foot  of  the 
mountains  and  away  from  the  groves  of  aspen  trees  and  pines 
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the  sun  sends  down  scorching  rays  all  day  long  on  the  alkali 
plains  where  only  sage  plants  are  spai*sely  scattered,  and  even 
on  horseback  one  can  see  the  heated  waves  rising  from  the 
ground.  The  air  is  far  from  being  moist  for  the  lips  are  apt  to 
crack  and  bleed,  and  the  mucous  oiembrane  of  the  nose  is 
parched  When  the  sun  sets  the  ground  radiates  rapidly,  and 
we  frequently  had  by  morning  one-quarter  of  an  inch  of  ice  in 
our  vessels  of  water  standing  outside  the  tents.  These  plateaus 
are  on  an  average  about  7250  feet  above  the  sea.  The  mere 
fact  of  broken  ground  and  wooded  surroundings  does  not 
however  suffice  to  produce,  even  at  this  season,  a  tranquil  air, 
for  when  we  rode  over  the  Rocky  Mountains  along  the  margin 
of  perpetual  snow  to  the  headwaters  of  Snake  River,  and 
camp^  at  Trout  Lake  nearly  10,000  feet  high,  though  the  air 
was  exceedingly  transparent  it  was  very  unsteady.  I  rose  at 
four  A.  M.  to  see  Yenus,  and  her  splendor  was  so  great  that  it 
led  to  a  most  delusive  estimate  of  her  apparent  size.  Occa- 
sionally during  clear  frosty  weather  in  mia winter  a  night  of 
similar  characteristics  is  seen  at  my  observatory.  On  such  an 
occasion  I  obtained  at  the  principal  focus  of  the  lo^-inch  re- 
flector a  photograph  of  the  Moon  near  her  third  quarter  in  less 
than  a  second. 

The  officers  of  Fort  Steele  and  the  guides  say  it  would  be  im- 
possible to  do  any  astronomical  work  in  this  region  from  the 
middle  of  October  till  the  middle  of  Mav,  that  is,  for  seven 
months.  The  fierce  winds,  heavy  falls  of  snow  and  intense 
cold  would  be  unbearabla  Even  in  the  beginning  of  Septem- 
ber we  needed  large  camp  fires  in  the  morning  and  evening. 
Our  camp  at  Trout  Lake  could  only  be  reached  for  six  weekis 
in  summer  on  account  of  the  depth  of  snow  in  the  fallen  timber. 

On  the  whole  it  may  be  remarked  of  this  mountain  region 
that  the  astronomical  condition,  particularly  for  photographic 
researches,  is  unpromising.  In  only  one  place  were  Bt^diness 
and  transparency  combined,  and  only  two  nights  out  of 
fifteen  at  the  best  season  of  the  year  wei*e  exceptionally 
fina  The  transparency  was  almost  always  much  more 
marked  than  at  the  sea  level,  but  the  tremulousness  was  as 
great  or  even  greater  than  near  New  York.  It  is  certain  that 
during  more  than  half  the  year  no  work  of  a  delicate  charac- 
ter could  be  dona  At  the  end  of  August  in  sheltered 
positions,  and  in  good  tents,  we  slept  under  half  a  dozen  thick- 
nesses of  blanket  and  only  partially  undressed.  Such  a  d^ree 
of  cold  distracts  the  mind  and  numbs  the  body.  Apparently, 
therefore,  judging  from  present  information,  it  would  not  be 
judicious  to  move  a  large  telescope  and  physical  observatory 
into  these  mountains  with  the  hope  of  doing  continuous  work 
under  the  most  favorable  circumstances. 
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Art.  IX. — Photographs  of  the  Spectra  of  Venus  and  a  Lyrce. 
Note  by  Prot  Henby  Draper,  M.D  * 

Since  the  spring  of  1872  I  have  been  making  photographs  of 
the  spectra  of  the  stars,  planets  and  Moon,  and  particularly, 
among  the  stars,  of  a  Lyrae  and  a  Aqiiilae  with  my  28-inch 
reflector  and  12-inch  refractor.  In  the  photograph  of  a  Lyrae, 
bands  or  broad  lines  are  visible  in  the  violet  and  ultra-violet 
region  unlike  anything  in  the  solar  spectrum.  The  research  is 
difficult  and  consumes  time,  because  long  exposures  are  neces- 
sary to  impress  the  sensitive  plate,  and  the  atmosphere  is  rarely 
in  the  best  condition.  The  image  of  a  star  or  planet  must  be 
kept  motionless  for  from  ten  to  twenty  minutes,  and  hence  the 
driving  clock  of  the  telescope  is  severely  taxed. 

During  last  summer  I  obtained  good  results,  and  in  October 
took  photographs  of  the  spectrum  of  Venus,  which  show  a  large 
number  of  lines.  I  am  now  studying  these  pictures,  and  have 
submitted  them  to  the  inspection  of  several  of  my  scientific 
friends,  among  others  Professors  Barker,  Langley,  Morton  aud 
Silliman.  There  seems  to  be  in  the  case  of  Venus  a  weakening 
of  the  spectrum  toward  H  and  above  that  line,  of  the  same  char- 
acter as  that  I  have  photographically  observed  to  take  place  in 
the  spectrum  of  the  Sun  near  sunset 

New  York,  December,  1876. 


Art.  X. — On  Dinttraparadibrombenzols  and  their  Derivatives; 
by  Dr.  Peter  Townsend  Austen.    Second  Paper. 

TuE  separation  of  the  three  isomeric  dinitroparadibromben- 
zols  I  have  already  described  in  a  previous  paper.f 

The  residue  from  the  separation  of  the  a-  and  /^-isomers 
consisted,  for  the  most  part,  of  /6^-dinitroparadibrombenzols, 
which  forms  the  chief  product  of  the  nitrition.  These  resi- 
dues were  collected  and,  after  several  crystallizations  from  car- 
bon disulphide,  were  recrystallized  from  glacial  acetic  acid. 
After  six  crystallizations,  the  fusing  point  remained  constant 

Betadinitroparadibrombenzol 
The  betadinitroparadibrotnbenzol  crystallizes  from  its  solu- 
tion in  carbon  disulphide  in  thick  white  pointed  and  peculiarly 
bent  needles.     It  is  very  easily  soluble  in  the  usual  solvents, 

*  This  article  was  printed  on  the  third  page  of  the  cover  of  the  Jannary  num- 
ber, and  ia  here  reprodnoed  without  change. — Eds. 
t  This  Journal,  vol  zii,  118,  1876. 
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especially  in    glacial  acetic  acid,    carbon    disolphide,    acetic 
etner,*  alcohol,  etc. 

It  fuses  at  99M00°t  to  a  yellowish  liquid.     0-2940  grms  of 
substance  gave  0-0380  grms.  of  H>0,  and  0-2418  grms.  of  C0». 


Oakmlated  for  0«H*(N0«)«Br«. 

Found.t 

Oz=22-08 

22-48 

H=  0-61 

1-24 

The  compound  is  somewhat  volatile.  Inspiration  of  its 
vapors  occasions  an  intense  inflammation  of  the  mucous  mem- 
branes. An  alcoholic  solution,  when  brought  upon  the  skin, 
excites  itching,  smarting,  and  inflammation  accompanied  by 
subsequent  peeling  off  of  the  skin.  A  minute  quantity 
brought  in  contact  with  the  eye  causes  a  sharp  pain  lasting  sev- 
eral days.  On  the  more  sensitive  skin  of  the  lace  it  gives  rise 
to  a  smart  which,  after  it  has  attained  a  maximum,  suddenly 
vanishes.     It  is  hence  a  powerful  excitant. 

*  It  is  yery  striking  that  nearly  all  snbstanoes  which  are  soluble  in  glaoial 
aoetio  add,  are  also  soluble  in  acetic  ether. 

.  t  ^  A  preliminary  notice  I  gave  the  fusing  point  as  120*'.  The  substance  waa 
not  quite  free  from  t^e  isomeric  compounds.  The  separation  of  the  last  traces  o£ 
the  isomers  is  exceedingly  difQcult  The  greatest  care  is  also  necessary  in  the 
determinations  of  the  fusing  points,  for  the  substance  which  fused  at  ISO"*  re- 
tained the  same  fusing  point  even  after  four  crystallizations  from  glacial  acetic 
acid.  A  sin|i^e  crystallization  from  alcohol  however,  sufficed  to  proye  it  a  mix- 
ture. In  a  similar  manner  a  mixture  of  substances,  with  which  I  have  recently 
been  working,  retained  an  exact  fusing  point  of  195°  during  seven  crystallizations 
from  glacial  acetic  acid,  while  two  crystallizations  from  alcohol  proved  that  two- 
thirds  of  tibe  mixture  consisted  of  a  substance  fusing  at  136°. 

X 1  have  rarely  analyzed  a  substance  which  was  so  refracto^  during  combus- 
tion as  this  betacQnitroparadibrom benzol.  AU  attempts  at  burning  it  with  copper 
oxide  or  lead  chromate  failed  owing  to  the  sublimation  of  the  substance  to  the 
upjper  part  of  the  tube,  from  which  the  highest  attainable  heat  of  the  combustion 
funiace  was  inadequate  to  dislodge  it  In  making  the  combustions  of  this  com- 
pound, as  well  as  of  many  other  substances  encountered  in  this  investigation,  I  have 
used  a  variation  of  the  ordinary  method  of  combustion,  which  has  of  late  found 
an  extended  application  in  tiie  analysis  of  refractory  organic  substances.  It  was 
suggested  to  me  by  Mr.  Bauermeister  of  the  Berlin  University  laboratory.  I  have 
employed  it,  in  most  cases,  in  preference  to  combustion  in  a  stream  of  oxygen  gas. 
Copper  oxide,  in  the  form  of  spicule  (leng^  about  10mm.,  diameter  about  1  to 
2mm.)  having  been  first  introduced  into  the  tube,  the  substance  is  well  mixed  in  a 
mortar  with  lead  chromate  to  which  its  equal  volume  of  the  copper  oxide  is  after- 
wards added,  and  the  whole  again  well  mixed.  After  introducmg  the  mixture  into 
the  tube,  the  mortar  is  well  washed  out  with  a  mixture  of  oxide  and  chromate 
(equal  parts)  and  the  washings  added  to  the  contents  of  the  tube.  The  tube  is 
^en  filled  up  with  chromate,  leaving  room  for  a  copper  spiral,  in  case  the  sub- 
stance to  be  imalyzed  contains  nitrogen,  and  rapped  on  the  pointed  end  so  that  the 
contents  may  compact  This  having  been  accomplished,  the  tube  is  rapped  longi- 
tudinally. The  heavy  pulverulent  lead  chromate  sinks  to  the  bottom  leaving  ti^e 
channel  filled  with  a  net-work  of  copper  spicule.  The  gases  have  to  pass  through 
this  net- work  and  are  hence  exposed  to  a  very  great  oxidizing  surface.  Loss  by 
sublimation  is  entirely  avoided,  since  the  substance  must  necessarily  be  deposited 
on  tiie  spioulsB  and  by  them  be  completely  oxidized.  In  case  the  compound  con- 
tains haloid  elements,  about  two  inches  of  the  lead  chromate  nearest  the  cork 
end  of  tiie  tube  must  be  kept  just  off  the  red  heat  ("  black")  so  as  to  prevent  any 
of  the  haloid  copper  compounds,  which  may  be  formed,  from  passing  into  thye 
potash  bulbs. 
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BetadifdIroparaibrimianUine. 

By  heating  the  betadinitroparadibrombenzol  with  alcoholic 
ammonia  for  eight  hours  in  a  closed  tube  at  100®,  I  obtained  a 
deep  red  solution,  from  which  a  large  mass  of  red  scales  sepa- 
rated on  cooling.  The  solution  was  poured  into  cold  water, 
and  the  resulting  yellow  precipitate  dissolved  in  boiling  abso- 
lute alcohol  which  contained  animal  charcoal,  filter^,  and 
allowed  to  stand.  The  pure  substance  obtained  in  this  manner 
formed  orange-red  scales  fusing  at  160**.* 

O'SOIO  grms.  of  substance  gave  0*0606  grms.  of  H»0  and 
0-8044  grms.  of  C0«. 

0*24  grms.,  after  the  method  of  Carius,  gave  0148  grma  of 
AgBr  and  0*0027  grms.  of  Ag. 

Oidciilatod  for  0«H«(NO«)«NH«Br.  Pound. 

L  n. 

C  =27-48  27-68         

H=  1-62  ^  1-86  

Br=30-53                                         80-90 

The  substance  is  easily  soluble  in  boiling  alcohol  and  glacial 
acetic  acid.  It  is  almost  insoluble  in  water,  and  entirely  so  in 
carbon  disulphide. 

It  is  not  acted  upon  by  boiling  amyl  nitrite,  although  in  a 
closed  tube  at  100®  the  substances  react  No  defined  product 
was  obtained,  which,  however,  was  more  probably  owing  to  the 
small  amount  of  substance  used  than  to  the  absence  of  a  dini- 
trobrombenzol. 

Strong  alcoholic  ammonia  remained  at  200^  without  action 
upon  it  This,  however,  was  not  surprising,  since,  according 
to  Meyer  and  Wurster,t  only  one  bromine  atom  of  the  mono- 
nitroparadibrombenzol  can  be  substituted  by  direct  action  of 
ammonia.  A  somewhat  similar  case  is  recorded  bv  Armstrong.:^ 
He  found  that  the  chlorine  atom  of  dinitrochlorphenol  was 
not  aflfected  by  ammonia.  The  weakening  action  of  the  nitro- 
groups  may,  perhaps,  here  be  overcome  by  the  formation  of  the 
ammonium  salt 

When  boiled  with  alcoholic  potash  the  substance  evolves 
ammonia,  but  the  nitro-groups  appear  to  be  aflfected,  and  a 
general  decomposition  is  the  result 

Betadinitroparabromanilidobemol. 
On  treating  the  betadinitroparadibrombenzol  with  aniline, 
the  mass  assumed  a  fine  red  color.  On  heating  a  violent  reac- 
tion ensued,  and  the  mixture  boiled  of  itsell  The  solution 
was  allowed  to  cool,  and  then  treated  with  dilute  chlorhydric 
acid.    An  oil  separated  and  gradually  solidified.     The  dark 

*  It  is  worthy  of  notioe  that  the  fusing  point  of  this  compound  (160°)  is  nearly 
^  same  as  Uiat  of  tiie  alphadhiitroparadibrombenzol  {\b9% 
fBer.  d.  d.  cheoL  Gee.,  y,  632.  |  Chem.  Soa  J.,  (2^  z,  12. 
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violet  mass  was  several  times  well  washed  with  water,  and  then 
dissolved  in  boiling  absolute  alcohol  containing  animal  char- 
coal, filtered,  and  allowed  to  crystallize.  The  substance  forms 
superb  orange-red  fine  hairy  needles  fusing  at  120^  They  are 
soluble  in  boiling  glacial  acetic  acid  and  in  alcohol. 

0*2885  grms.  of  substance  gave  0*0684  grms.  of  H'O  and 
0-4444  grma  of  C0». 

0'1686  grms.  after  the  method  of  Carius  gave  0*0910  grms. 
of  AgBr  and  0*0016  grms.  of  Ag. 

Calculated  from  the  formula — 

NH.C«H* 
.Br 

Theory.  "  Found. 

L  n. 

C  =42-60  42-64  

H  =  2-36  *  2-67  

Br=23-66                                   23-56 

Betadinitroparabromdinitroanilidohemol. 
The  preceding  compound  was  added  in  small  portions  to 
fuming  nitric  acid  at  a  temperature  of  4-12°.     It  dissolved 

Suickly  with  a  weak  action,  the  color  of  the  solution  becoming 
arker.  The  resulting  solution  was  poured  into  cold  water, 
and  the  bright  yellow  powder  which  separated  was  crystallized 
from  boiling  glacial  acetic  acid.  The  substance  forms  small 
brownish  yellow  scales,  which  fuse  at  167*5^ 

0*2057  grms.  of  substance  after  the  method  of  Carius  gave 
0*0552  grms.  of  AgBr  and  0*0035  grms.  of  Ag. 

The  formula — 

^  ^   1  NH.C«H3(N0»)« 

[Br 

requires  18*69  Br ;  18*81  was  found. 

The  compound  is  easily  soluble  in  boiling  glacial  acetic 
acid,  but  with  difiiculty  m  alcohol  If  it  be  warmed  with  a 
solution  of  sodic  hydrate,  it  forms  immediately  a  deep  blood 
red  solution,  from  which,  after  a  few  minutes  have  elapsed,  the 
separation  of  glittering  red  and  green  dichroic  needles  takes 

Slace.     This  compound  I  take  to  be  a  sodium  betadinitropara- 
initroanilidophenylate — 

fNO« 

r«Ra  J  N0« 

^  ^   1  NH.C«H3(N0»)» 
ONa 
DmyerBity  Lftboratorj  of  Berlin,  July  16,  1876. 
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Abt.  XL — On  some  Points  in  connection  with  Vegetation  ;   by 

Dr.   J.    n.   GiLBKBT. 

[Continoed  from  page  32.] 

Amount  of  nitrogen  assimilated  by  plants, — Let  us  now  recur 
to  the  question  of  the  various  amounts  of  nitrogen  assimilated 
over  a  given  area  by  plants  of  different  natural  orders,  and  call 
attention  to  the  facts  bearing  upon  the  point  which  these 
experiments  on  the  mixed  herbage  of  grass  land  have  supplied. 

Tablb  17. —  Tteld  of  Nitrogen  vn  the  Mixed  Herbage  of  Permanent  Cfraea  land  at 

Botfuxmsted. 


Ptott. 

3 

4-1 
8 
7 

CondlUons 

of 
Manuring. 

Ay  erage  ProdQC«  per  ftcre 
per  AnDam,  90  Tears, 

1856-1876,  accopJlng  to 
Mean  per  cent  at  6perloda 

188a,'e7.'71.Tl.'^».T6. 

Average  nitrogen  per 
Acre  per  annum. 

10 

10 

1975 

20 
1815 

Oraml- 
ne». 

Legmm- 
noan. 

Other 
Orders. 

lbs. 
629 
673 
639 
673 

XTnmanured 

Gomi^ex  Min.  Maiiure.f 
Complex  Min.  Manure.^ 

lbs. 
1636 
1671 
2442 
2679 

Iba. 
219 
149 
296 
806 

lbs. 

351 

36-7 

64-4 

65-2 

lbs. 
30-9 
31-6 
381 
56-0 

Ibe. 
33K) 
33-6 
46-3 
66-6 

In  Table  IV.  is  shown  the  average  produce  (in  the  condition 
of  hay)  in  lbs.,  per  acre,  per  annum,  over  twenty  years,  of  herb- 
age of  the  gramineous  family,  of  herbage  of  the  leguminous 
family,  and  of  herbage  of  other  orders,  calculated  according  to 
the  mean  percentage  of  each  of  these,  determined  in  separations 
at  six  periods,  namely,  in  1862,  1867,  1871,  1872,  1874,  and 
1876,  in  samples  of  the  produce  of  four  of  the  plots  which  have 
received  no  nitrogenous  manure  from  the  commencement; 
and  there  is  also  ^ven,  by  the  side  of  these  results,  the  average 
aniTual  yield  of  nitrogen  per  acre  over  the  first  ten,  the  second 
ten,  andf  the  total  period  of  twenty  years,  in  each  case. 

The  quantities  of  nitrogen  yielded  are  calculated  from  the 
results  of  actual  determinations  of  the  nitrogen  in  the  mixed 
produce  of  the  respective  plots ;  but  the  estimates  of  the  quan- 
tity of  the  produce  referable  to  the  diflferent  Natural  Orders 
must  be  talcen  as  only  giving  a  general  indication  or  an 
approximation  to  the  truth ;  for,  while  the  amount  of  the 
total  mixed  produce  is  the  average  of  that  of  the  twenty  years, 

*  Mean  of  four  separatioDS  only,  namely,  1862,  1867,  J  872  and  1876. 

J  Including  potass  six  years,  1856-1861 :  without  potass,  fourteen  years,  1862 
75. 
I  Indading  potass  twenty  years,  1856-1875. 
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the  amount  of  it  referred  to  the  different  orders  is  calculated 
upon  their  percentage  determined  in  six  years  only,  four  of 
wnich  are  among  the  last  five,  and  the  fluctuation  according 
to  season  is  in  some  cases  very  considerable,  while  in  others  there 
is  a  progression  in  the  changes,  which  render  an  accurate 
estimate  of  the  average  botanical  composition  of  the  herbage 
over  the  whole  period  impossible.  Tne  figures  do,  however, 
undoubtedly  represent  the  truth  suflBciently  nearly  for  our 
present  purpose.  But  before  referring  to  the  vield  of  nitrogen, 
it  may  be  remarked,  in  passing,  how  much  greater  is  the 
increase  of  gramineous  produce  by  the  use  of  purely  mineral 
manures  in  this  mixed  herbage  than  in  the  case  of  gramineous 
crops  grown  separately.  The  interesting  Question  arises,  how 
far  the  result  is  due  to  the  direct  action  of  tne  mineral  manures 
in  enabling  the  grasses  to  form  much  more  stem  and  seed — 
that  is,  the  better  to  manure — which,  as  a  matter  of  fact,  they 
are  found  to  do?  or  how  far  the  increased  growth  is  to  be 
explained  by  an  increased  accumulation  of  combined  nitrogen 
available  for  the  grasses  in  the  upper  layers  of  the  soil,  as  the 
result  of  the  increased  growth  or  the  Leguminosse  induced  by 
the  potass-manure,  as  already  illustrated  by  the  results  obtained 
in  alternating  clover  and  barley,  and  in  an  actual  course  of 
rotation  ? 

Referring  to  the  j^ield  of  nitrogen,  it  is  seen  that,  without 
manure,  it  has  dimmished  during  the  last  as  compared  with 
the  first  ten  years ;  but  that  the  average  is  thirty-three  pounds 
per  acre,  per  annum,  or  considerably  more  than  with  a  gramin- 
eous crop  grown  separately. 

With  super-phosphate  of  lime  alone,  the  yield  of  nitrogen 
over  the  first  ten,  the  second  ten,  and  the  twenty  years,  is  very 
nearly  the  same  as  without  manure.  It  is  slightly  higher  as 
is  also  the  total  amount  of  produce;  but  while  the  quantity 
contributed  by  gramineous  species  is  rather  more,  that  yielded 
by  leguminous  species  is  less,  and  that  by  species  belonging,  to 
other  orders  more  than  without  manure. 

With  super-phosphate  of  lime,  and  sulphates  of  potass,  soda 
and  magnesia,  during  the  first  six  years,  but  no  potass  during 
the  last  fourteen  years  (plot  8),  the  amount  of  both  gramineous 
and  leguminous  herbage  is  very  much  increased ;  and  that  of 
the  leguminous  produce  was  especially  so  during  the  earlier 
years.  The  result  is  a  yield  of  554  lbs.  of  nitrogen  per  acre, 
per  annum,  over  the  first  ten  years,  of  only  38'1  lbs.  over  the 
second  ten  years,  and  of  46-3  lbs.  over  the  twenty  years. 

With  the  complex  mineral  manure,  including  potass  each 
year  throughout  the  period  of  twenty  years  (plot  7),  legumi- 
nous species  contribute  about  one-fifth  of  the  whole  produce, 
or  very  much  more  than  in  either  of  the  other  cases.     The 
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result  is  an  annaal  yield  of  55*2  lbs.  of  nitrogen  over  the  first 
ten  years;  of  even  slightly  more,  or  fifty-six  lbs.,  over  the 
second  ten  years:  and  of  55*6  lbs.  over  the  whole  period  of 
twenty  years — that  is,  considerably  more  than  twice  as  much 
as  would  be  yielded  by  a  gramineous  crop  crown  separately 
on  arable  land.  It  may  here  be  observed  that,  while  in  the 
case  of  the  first  three  plots  referred  to,  the  produce  of  the 
mixed  herbage  diminished  over  the  second  as  compared  with 
the  first  ten  years,  that  of  plot  7,  with  the  potass  manure,  and 
so  much  l^uminous  herbage,  increased  slightly  over  the  sec- 
ond compared  with  the  first  ten  years.  Finally,  it  may  be 
remarked  on  this  point,  how  comparatively  uniform  is  the 
average  yield  of  produce  hj  all  other  species  other  than  the 
gramineous  and  tne  legummous  on  the  four  very  diflerently 
manured  plots. 

Here  again,  then,  the  results  relating  to  the  growth  of  species 
of  many  different  natural  orders  growing  together,  like  those 
relating  to  the  growth  of  individual  species  grown  separately, 
show  that  those  of  the  leguminous  family,  and  probably  those 
of  various  other  orders  also,  have  the  capacity  of  assimilating 
much  more  nitrogen  over  a  given  area  than  species  of  the  order 
6ramine». 

Assuming  for  the  sake  of  argument  that  the  yield  of  nitrogen 
by  the  GramineaB  grown  separately  may  be  explained,  as  already 
suggested,  by  reference  to  the  amount  of  combined  nitrogen 
acquired  from  the  measured  aaueous  deposits  from  the  atmo- 
sphere, together  with  that  condensed  within  the  pores  of  the 
soil,  and  that  derived  from  previous  accumulations  within  it, 
the  question  arises,  can  the  greatly  increased  yield  by  other 

Elants  be  so  accounted  for?  or,  if  not,  how  otherwise  may  it 
e  explained  ?    We  will  endeavor  to  weigh  the  evidence  bear- 
ing upon  this  point. 

h  the  combined  nitrogen  in  the  atmosphere  the  source  of  the  assim- 
ilated nitrogen  f — It  so  happens  that  the  plants  which  do  gather, 
ar  which  have  been  supposed  to  gather  nitrogen  more  readily 
than  the  Gramine®,  have  obviously  a  different  character  of 
foliage;  as,  for  instance,  the  "root crops" — turnips  and  the 
like ;  and  the  l^uminous  crops — beans,  peas,  clover,  etc.  An 
obvious  explanation,  therefore,  which  will  be  found  in  books 
of  authority,  is  that  these  so  distinguished  "broad-leaved 
plants"  have  the  power  of  taking  up  nitrogen  in  some  form 
rrom  the  atmosphere,  in  a  degree,  or  in  a  manner,  not  possessed 
by  the  narrow-leaved  gramineous  planta  It  is  true  that 
Adolph  Mayer  in  Germany,  and  Schlosing  in  France,  have 
experimentally  shown  that  plants  can  t^ke  up  nitrogen  by 
their  leaves  from  ammonia  supplied  to  them  in  the  ambient 
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atmosphere.  But  I  think  I  am  right  in  saying  that  the  con- 
clusion of  both  of  these  experimenters  is  that  this  action  takes 
place  in  a  very  immaterial  degree  in  natural  vegetation. 

In  reference  to  this  subject,  I  may  observe  that  the  results 
of  the  determinations  of  the  ammonia  in  the  atmosphere  by 
different  experimenters,  and  in  diflFerent  localities,  vary  very 
greatly ;  ana  it  ma^  be  concluded  that  a  shower  of  rain  will 
wash  out  much  of  it  According  to  M.  Schlosing's  statement 
of  the  results  of  his  recent  determinations  of  the  ammonia  in 
the  air  of  Paris  (Compt.  Eend.,  Ixxxi,  p.  1262  et  seq.),  it  ranges 
from  one  part  in  about  12,500,000,  to  one  part  in  about 
260,000,000  of  air  by  weight  If,  for  the  purpose  of  illustra- 
tion, we  assume  that,  on  the  average,  the  ambient  atmosphere 
in  the  open  country-^in  Europe,  at  any  rate — will  contain  one 
part  of  ammonia  in  60,000,000  of  air,  or  one  part  of  nitrogen 
as  ammonia  in  about  60,000,000  of  air,  the  atmosphere  would 
thus  contain  more  than  8,000  times  less  nitrogen  as  ammonia 
than  carbon  as  carbonic  acid.  But  cereal  crops  contain  one 
part  of  nitrogen  to  about  thirty  of  carbon,  and  leguminous 
crops,  one  of  nitrogen  to  fifteen,  or  fewer,  of  carbon.  On  these 
assumptions,  the  ambient  atmosphere  would  contain  a  pro- 
portion of  nitrogen  as  ammonia,  to  carbon  as  carbonic  acid, 
about  267  times  less  than  that  of  nitrogen  to  carbon  in  cereal 
produce,  and  about  634  times  (or  more)  less  than  that  in  legu- 
minous produce.  It  is  true  that  water  would  absorb  very 
much  more  nitrogen  as  ammonia,  or  dissolve  very  much  more 
as  carbonate  or  bi-carbonate  of  ammonia,  than  it  would  of 
carbon  as  carbonic  acid  under  equal  circumstances.  Hence, 
there  would  appear  to  be  a  compensating  quality  for  the  small 
actual  and  relative  amount  of  nitrogen  as  ammonia  in  the 
atmosphere,  in  the  greater  solubility  or  .absorbability  of  the 
compounds  in  which  nitrogen  exists,  than  of  the  carbonic  acid 
in  wnich  the  carbon  is  presented.  Further,  it  can  hardly  be  to 
merely  a  greater  extent  of  leaf  or  above-ground  surface  that  the 
result  could  be  attributed.  Thus,  though  a  bean  and  a  wheat 
crop  may  yield  about  equal  amounts  of  dry  matter  per  acre, 
the  bean  produce  would  contain  from  two  to  three  times  more 
nitrogen,  and  approximate  measurements  show  that  a  wheat 
plant  oflfers  a  greater  external  superflces  in  relation  to  a  given 
weight  of  dry  substance  than  a  bean  plant,  and  greater  still 
therefore  in  relation  to  a  given  amount  of  nitrogen  fixed.  If, 
then,  the  bean  can  in  some  way  take  up  more  nitrogen  from 
the  atmosphere  than  the  wheat,  the  result  must  be  due  to 
character  and  function,  rather  than  to  mere  extent  of  surface 
above  ground.  It  may,  however,  be  observed  that,  as  a  rule, 
even  those  of  the  leguminous  crops  which  are  grown  for  their 
ripened  seed,  maintain  their  green  and  succulent  surface,  over 
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a  more  extended  period  of  the  season  of  active  growth,  than 
do  the  gramineous  corn  crops. 

It  may  safely  be  assertea,  then,  that  neither  direct  experi- 
mental evidence,  nor  a  consideration  of  the  chemistry  and  the 
physics  of  the  subject,  would  lead  lo  the  conclusion  that  the 
plants  which  assimilate  more  nitrogen  over  a  given  area  than 
others,  do  so  by  virtue  of  a  greater  power  of  absorbing  by 
their  leaves  combined  nitrogen  from  the  atmosphere  in  the 
form  of  ammonia.  And  here  it  may  be  said  in  passing  that 
the  argument  would  be  still  stronger  against  the  supposition 
that  nitric  acid  in  the  atmosphere  supplies  directly  to  the 
leaves  of  plants  any  important  amount  of  the  nitrogen  they 
assimilate. 

But  apart  from  the  more  purely  scientific  considerations 
bearing  upon  the  question,  we  believe  that  our  statistics  of 
nitrogen-production  are  themselves  sufficient  to  justify  the  con- 
clusion that,  at  any  rate,  the  "  broad-leaved"  root-crops,  turnips 
and  the  like,  to  which  the  function  has  with  the  most  confidence 
been  attributed,  do  not  take  up  any  important  proportion  of 
their  nitrogen  by  their  leaves  from  combined  nitrogen  in  the 
atmosphere.  Thus,  it  has  already  been  shown,  that  the  yield 
of  nitrogen  in  these  crops,  even  with  the  aid  of  complex  min- 
eral manures,  was  in  the  later  years  reduced  to  a  lower  point 
than  that  in  any  other  crop ;  the  percentage  of  nitrogen  in  the 
upper  layers  of  the  soil  was  also  reduced  to  a  lower  point  than 
with  any  other  crop.  The  evidence  of  this  kind  is,  however, 
admittedly  not  so  conclusive  in  regard  especially  to  plants  of 
the  leguminous  family. 

Is  the  free  nitrogen  of  the  atmosphere  the  source  of  the  assimilated 
nitrogen  f — But  as  about  four-fifths  of  the  atmosphere  which  sur- 
rounds the  leaves  of  plants  consist  of  free  nitrogen,  why  should 
not  this  be  a  source  to  them  of  the  nitrogen  they  require  ?  To 
assume  that  it  is  so  is  such  an  obvious  and  easy  way  out  of  so 
many  difiiculties,  that  this  assumption  has  from  time  to  time 
been  freely  made,  and  much  experimental  investigation  has 
been  undertaken  on  the  point  witn  the  most  conflicting  results. 
It  is  now  nearly  forty  years  since  Boussingault  showed  that 
there  was  a  greater  assimilation  of  nitrogen  over  a  given  area 
in  a  rotation  of  crops  than  he  could  well  account  for;  and 
almost  from  that  time  to  this  he  has  been  occupied  with  inves- 
tigations of  very  various  kinds,  sometimes  on  the  atmosphere, 
sometimes  on  meteoric  waters,  sometimes  on  plants,  and  some- 
times on  soils,  the  main  object  of  which  has  obviously  been  to 
throw  light  on  the  question  of  the  sources  of  the  nitrogen  of 
v^etation.  And  almost  for  as  long  a  period  as  Boussingault, 
Mr.  Lawes  and  myself  have  devoted  much  thought  and  mves* 
tigatioD  to  the  same  end. 
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On  this  point,  of  whether  or  not  plants  assimilate  the  iree 
nitrogen  of  the  atmosphere,  leaving  out  of  view,  for  lack  of 
time  and  space,  the  experiments  and  conclusions  of  several 
others  who  have  work^  on  the  subject  on  a  less  comprehen- 
sive scale,  I  will  first  briefly  direct  attention  to  the  most  com- 
prehensive series  of  experiments,  the  results  of  which  led  the 
author  to  conclude  that  the  free  nitrogen  of  the  atmosphere  is 
taken  up  and  assimilated  by  the  leaves  of  plants. 

During  the  jears  1849,  1850,  1861,  1852,  1854,  1855,  and 
1856,  M.  G.  ViUe,  of  Paris,  made  numerous  experiments  on 
this  subiect  His  plants  were  generally  encloscKi  in  a  glass 
case,  andf  his  soils  consisted  of  washed  and  ignited  sand,  sand 
and  brick,  or  sand  and  charcoal  They  were  sometimes  sup- 
plied with  a  current  of  unwashed  air,  sometimes  with  a  current 
of  washed  air,  and  they  were  sometimes  in  free  air;  sometimes 
a  known  quantity  of  ammonia  Was  supplied  to  the  air  of  the 
apparatus,  and  sometimes  known  quantities  of  nitrate  were 
supplied  to  the  soil.  Lastly,  a  great  variety  of  plants  were 
experimented  upon.  M.  G.  Villeis  results  are  summarized  in 
Table  V,  below. 

Tablb  Y.^Swnmary  of  the  RemtUs  of  M.  G.  Yillb's  ExperimerUa^  to  determine 
whether  Plants  aenmikUefree  Nitrogen. 


Puuns. 


Mttrogen— Oramt. 


In  Seed, 
and  Air; 

and 
Maniire, 
Ifany/ 


In 
Prodnctii. 


Gain 
or 


Kltrogon 

In 
Prodncts 

SnppUad. 


1849 :  Owrreni  ofumoaahed  omt  euppiying  0*001  grame  NUrogen  ae  Ammonia.* 


Cress  

Large  Lupins. 
Small  Lapins. 


0*0260 
0*0640 
0-0640 

0-1560 


01470 
00640 
0*0470 

0-2680 


0*1210 

0*0000 

-0*0170 

01030 


6-6 
1-0 
0*7 

1*7 


1 860 :  Owrent  of  unwashed  air  supplying  0*0017  grams  Nitrogen  ae  Ammonia.* 


Colsa  (plants). 

Wlieat 

Rye 

Maize 


0*0260 
0*0160 
0*0130 
0-0290 

0*0867 


10700 
00310 
00370 
0*1380 


1*2660 


11803 


10440 

41*1 

00160 

1-9 

00240 

2*8 

0-0990 

4*4 

14-8 


1861:  Current  of  washed  air.* 


8nnflower...r 

oeo 

01670 
01760 
01620 

0*1620 
01710 
01680 

31-4 
43*7 
40-6 

Tobaooo  ............ 

Tobacco 

*  BadierdMS  Eqp^rimentales  sor  la  Y^g^talion,  par  M.  Georges  Yille.    Paris, 
1863. 
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Plavts. 

Nitrogen 

in 
Prodneti 

SnroUed. 

In  Seed, 

Itenure, 
if  any. 

In 
Prodncto. 

<Mn 

1862:  Owreni  of  washed  (Ur* 


Autumn  Colza 

Bpring  Wheat 

Siinflow«^ 

0*0480 
00290 
00160 
0*1730 
0*1050 

0*2260 
0*0660 
0*4080 
0*6950 
0*7010 

01780 
0-0360 
0-3920 
0*4220 
0-5960 

4-7 
3*2 
26-5 
3*4 
6*7 

Summer  Colza 

Summer  Colza 

1854 :   Ourrent  of  washed  air  (under  evperwUendence  of  a  Oommienon). 


Oreaa 

0-0099 
00038 
0*0039 

00097 
00530 
0*0110 

6  6  6 

1 

1*0 

13*9 

2*8 

Cress 

Cress 

Cress 

0-0063 

0-0350 

0-0287      1          6*6 

1855  and  1856:  In  free  a¥r,  with  0-5  grame  Nitre  =0*069  Niirogen.X 


Colza 

00700 
00700 
00700 

0*0700§ 
0-0660§ 
00680§ 

0*0000 
-0*0040 
-0*0020 

1*0 
0-9 
10 

Colza 

Colza 

1866  and  1866 

:  In  free  omt^  with  1  gram 

Nitre  =0*138  Nitrogen.X 

Colza 

0*1400 
0*1400 
0-1400 
01400 

019701 
0*3740 
0*2160 
0*2500 

1 

0*0670 
0-2340 
00760 
0*1100 

1-41 
1*67 
1*64 
1-79 

Colza 

Colza 

Colza 

'' 

1866:  In  free  air,  wHh  0*792  grama  Nitre  =0*110  Nitrogen,* 


Wh^at 

0*1260 
01260 

0*2180§ 
,0-2240§ 

00920 
0*0980 

1*7 
1*8 

Wheat 

1856 :  In  free  air,  with  1-72  grame  Nitre  -. 

=0-238  Nitrogen.* 

Wheat 

0*2690 

0*3080§ 

0*0490      1 

1*2 

1866:  In  free  air,  with  1*765  grams  Nitre  =0*244  Nitrogen,* 


Wheat 

Wheat 

0-2650 
0*2650 

0-2170S 
0*3500 

-00480 
+  0*0850 

0-8 
1*3 

*  Becherches  Exp^rimentales  but  la  Y^g^tation,  par  M.  Qeorgee  Yille.    Paris, 
1853. 
I  Compt  rend.,  1855.        |  Reoherohee  Exp^rimentalee  sur  la  Y^gtetion,  1857. 
g  In  plants  only. 

AM.  JouB.  Sot.— Thibd  Sbbixs,  Yol.  XIII,  No.  74.— Fib.,  1877. 
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We  have  already  disctweed  the  results  of  M.  G.  Ville,  as  well 
as  those  of  others,  in  a  paper  published  in  the  Philosophical 
Transactions  for  1869,  and  in  a  somewhat  condensed  form  m  the 
Journal  of  the  Chemical  Society,  vol.  xvi,  1868 ;  and  we  can 
only  very  briefly  refer  to  them  in  this  place.  The  column  of 
actual  gain  or  loss  of  nitrogen  is  seen  to  show  in  one  case  a 
gain  of  more  than  one  gram  of  nitrogen  ;  the  amount  of  it  in 
the  products  being  more  than  forty-one  fold  that  supplied  as 
combined  nitn^n  in  the  seed,  ana  air.  This  result  was  ob- 
tained with  colza.  Those  obtained  with  wheat,  rye,  or  maize, 
showed  very  much  less  of  both  actual  and  proportional  gain. 
Experiments  with  sunflower  and  tobacco  showed  a  less  actual 
gain  than  that  with  colza ;  but  still  it  amounted  in  one  case, 
with  sunflower,  to  more  than  thirty,  and  in  two,  with  tobacco, 
to  more  than  forty-fold  of  that  supplied.  In  M.  G.  Ville's  ex- 
periments (as  a  glance  down  the  last  two  columns  in  the  table 
will  show),  although  he  still  had  generally  some  gain,  it  was 
usually  both  actusJly  and  in  proportion  to  the  quantity  sup- 
plied considerably  less  than  in  nis  earlier  ones. 

M.  G.  Yille  attributed  the  gain,  in  some  cases,  to  the  large 
leaf-surfaca  In  explanation  of  the  assimilation  of  free  nitro- 
gen by  plants,  he  calls  attention  to  the  fact  that  nascent  hydro- 
gen is  said  to  give  ammonia,  and  nascent  oxygen  nitric  acid, 
with  free  nitrogen,  and  he  asks,  **  Why  should  not  the  nitro- 
gen in  the  juices  of  the  plant  combine  with  the  nascent  carbon 
and  oxygen  in  the  leaves?''  He  refers  to  the  supposition  of 
M.  De  liuca,  that  the  nitrogen  of  the  air  combines  with  the 
nascent  oxygen  ^ven  off  by  the  leaves  of  plants,  and  to  the 
fact  that  the  juice  of  some  plants  (mushrooms)  has  been 
observed  to  ozonize  the  oxygen  of  the  air,  and  he  asks,  *^Is  it 
not  probable,  then,  that  the  nitrogen  dissolved  in  the  juices 
will  submit  to  the  action  of  the  ozonized  oxygen  with  which  it 
is  mixed,  when  we  bear  in  mind  that  the  juices  contain  alka- 
lies, and  penetrate  tissues,  the  porosity  of  which  exceeds  that 
of  spongy  platinum  ?" 

The  experiments  of  M.  Boussingault,  and  of  ourselves,  on 
the  other  hand,  have  not  given  an  afl&rmative  answer  to  the 
question  whether  plants,  by  their  leaves,  take  up  and  assimi- 
late free  nitrogen  of  the  air. 

M.  Boussingault  commenced  his  experiments  on  this  subject 
in  1887,  and  Table  VI,  which  follows,  summarizes  his  results, 
obtained  at  intervals  from  that  date  up  to  1868. 
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Tabli  YL— Summary  of  the  EesuUs  of  M.  Bousbinoault's  Bxperimenti,  to  det&r^ 
mme  ^9hether  Fkmts  aa$imilaie /ree  Mtrogm. 


Piuum. 

Nltrog«i 
ProdneU 

orPUnta; 
and 

In 

Gain 

1837 :  BunU  9oH  distiUed  waier^  free  otr,  in  eloeed  iummer-houee.* 


hYefofl 

0-1100 
01140 
0-0430 
0-0670 

0-1200 
01660 
00400 
0-0600 

+  0  0100 
+  00420 
--0-0030 
+  0-0030 

1-09 
1-37 
0-93 
1*06 

Trefoa 

Wheat -. 

Wheat 

1838:  OondUioniasinlSSI,^ 


n^refoil  (Plants). 
Oats  (Plants)... 


0-0460 
0-0330 
00690 


0-1010 
0-0660 
00630 


+  0-0660 
+  00230 
-0-0060 


2*20 
1-70 
0-90 


1861  and  *62:   Washed  and  igniied  pumice  wUh  ashes^  disiiUed  waier^  Umited  aiir^ 
mtder  ffan  ehadef  wUh  Cairbonic  Acid,X 


Haricot,  1861 
Oats,  1861... 
Haricot,  1862 
Haricot,  1862 
OatB,  1862... 


00349 

00340 

-0-0009 

0-97 

00078 

0-0067 

-0-0011 

0-86 

0-0210 

0-0189 

-00021 

0-90 

0-0246 

0-0226 

—0-0019 

0-92 

00031 

00030 

-0-0001 

0-97 

1863:  Pr^ared  pumice^  or  hwmX  hrv^  with  ashes;  distOkd  toater^  Kmiied  air,  ^ 
yioM  gtobe^  with  Cairb<mic  AeidX 


White  Lupin... 
White  Lnpin... 
White  Lapin... 
White  Lupin... 
! White  Lupin... 
Dwarf  Haricot  . 
Dwarf  Haricot . 
Qarden  Creas  .. 
jWhite  Lupin... 


00480 

00483 

+  0-0003 

l-Ol 

01282 

01246 

-0-0036 

0-97 

0*0349 

0-0339 

-00010 

0-97 

00200 

0-0204 

+  0-0004 

102 

00399 

0-0397 

-00002 

1-00 

00364 

00360 

+  0-0006 

1-02 

0-0298 

0*0277 

-00021 

0-93 

00013 

0-0013 

00000 

100 

0-1827 

0-1697 

-0-0130 

0-98 

1854:   Prepared  pumice  with  ashes^  distiOed  toater^  current  of  washed  a^^  and 
Cairbomc  Add,  in  glased  oase.% 


Lnpin 

Dwarf  Haricot 
Dwarf  Haricot 
Dwarf  Haricot. 
Dwarf  Haricot 

Lopin 

Lupin 

Ctt88 


0-0196 

0-0187 

-00009 

0.96 

00322 

0-0326 

+  00003 

1-01 

0-0336 

00341 

+  00006 

102 

00339 

00329 

-00010 

0-97 

00676 

0-0666 

-0-0010 

0-99 

00180 
0-0176 

U-0334 

-0-0021 

0.94 

0-0046 

0-0062 

+  0-0006 

1-13 

•  Ann.  Oh.  Phys.,  II,  Ixvii,  (1838). 
X  Ann.  Ch.  Phys.,  m,  zU,  (1864). 


t  Ibid.,  bdx. 

g  Ann.  Ch.  Phys.,  m,  zliii,  (1865). 
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Tablb  YI. — Continued, 


PLAjrrs. 

Mltrogen-Onms.                  | 

NItrog«i 

Prodneto 

tol 
SnppUed. 

orPlADts; 

llimiire, 
If  U7. 

In 
Prodneto. 

Gain 
or 

LOM. 

1851f  '52,  '53,  and  '54:  Prejxtred  soUy  or  pumice  with  cuhes;  disUOed  UKUer,  free  air, 
under  gUmed  case* 


Haricot  (dwarf),  1861 

Haricot,  1852 

Haricot,  1868 

Haricot  (dwarf),  1854 
Lupin  (white),  1863.. 

Lupin,  1854 

Lupin,  1854 

Oats,  1852 

Wheat,  1863 

Garden  CresB,  1854  .. 


00349 

0*0380 

+  00031 

1-09 

00213 

00238 

+  00026 

1-12 

0-0293 

0H)2t0 

-00023 

0-92 

0-0318 

0-0360 

+  0-0032 

110 

0-0214 

0-0266 

+  0-0042 

1-20 

0-0199 

0-0229 

+  00039 

116 

0-0376 

0-0387 

+  00020 

1-06 

0-0031 

0-0041 

+  0-0010 

133 

00064 

00076 

+  00011 

1-17 

00269 

00272 

+  00013 

1-06 

1858:  Nitrate  of  Potaaaium  (u  Jiafmrt.\ 


HelianthuB 


j       0-0144t 
;       00265t 


00130 
0-0346 


-00014 
-00010  I 


0-90 
0-96 


M.  BoussiDgauIi^s  soils  consisted  of  burnt  soil,  washed  and 
iffnited  pumice,  or  burnt  brick ;  his  experiments  were  some- 
times in  free  air,  sometimes  in  a  closed  vessel  with  limited  air, 
sometimes  with  a  current  of  washed  air,  and  sometimes  in  free 
air,  but  under  a  glass  case.  When  the  plants  were  enclosed,  a 
supply  of  carbonic  acid  was  providedf,  and  in  a  few  cases 
known  quantities  of  nitre  were  supplied  as  manure. 

The  last  two  columns  of  Table  VI  show   the  actual  and 

froportional  gain  of  nitro^^en  in  M.  Boossingault's  experiments, 
t  will  be  observed  that  in  his  earliest  experiments,  those  in 
free  air,  in  a  summer-house,  the  leguminous  plants,  trefoil  and 
peas,  did  indicate  a  notable  gain  of  nitrogen ;  but  in  all  his 
subsequent  experiments  there  was  generally  either  a  slight  loss, 
or,  if  a  gain,  it  was  represented  in  only  fractions,  or  low  units, 
of  milligrams  After  twenty  years  of  varied  and  laborious 
investigation  of  the  subject,  M.  Boussingault  concluded  that 
plants  nave  not  the  power  of  taking  up  and  assimilating  the 
free  nitrogen  of  the  atmosphere. 

Our  own  experiments  on  this  suWect  were  commenced  in 
1857,  and  the  late  Dr.  Pugh,  of  the  Pennsylvania  State  Agri- 
cultural College,  devoted  between  two  and  three  years  to  the 
investigation  at  Eothamsted.  Mr.  Lawes  has  contributed  one 
complete  set  of  the  apparatus  employed  to  this  exhibition. 
The  arrangement,  and  the  results  obtained  up  to  that  date, 


•  Ann.  Ch.  Phys,,  S^.  m,  xliii,  (1856). 
X  Nitrogren  in  seed  and  nitrate. 


X  Oompt  rend.,  xlvii,  (1858). 
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are  fully  described  in  the  papers  already  referred  to,  published 
in  the  Philosophical  Transactions  for  1869,  and  in  the  Journal 
of  the  Chemical  Society  in  1863.  They  may  be  briefly  de- 
scribed as  follows : — 

The  soils  used  were  ignited,  washed,  and  re-ignited,  pumice, 
or  soil.  The  specially  made  pots  were  ignited  before  use,  and 
cooled  over  sulphuric  acid  under  cover.  The  pots,  with  their 
plants,  were  enclosed  under  a  glass  shade  resting  in  the  groove 
of  a  specially  made  hard-baked  glazed  stone-ware  lute-vessel, 
mercury  being  the  luting  material.  Under  the  shade,  through 
the  mercury,  passed  one  tube  for  the  admission  of  air,  another 
for  its  exit,  and  another  for  the  supply  of  water  or  solutions  to 
the  soil ;  and  there  was  an  outlet  at  the  bottom  of  the  lute- 
vessel  for  the  escape  of  the  condensed  water  into  a  bottle 
aflSxed  for  that  purpose,  from  which  it  could  be  removed  and 
returned  to  the  soil  at  pleasure.  A  stream  of  water  being 
allowed  to  flow  into  a  large  stone-ware  Wolffs  bottle  (other- 
wise empty),  air  passed  frohi  it  through  two  small  glass  Wolffs 
bottles  containing  sulphuric  acid,  then  through  a  long  tube 
filled  with  fragments  of  pumice  saturated  with  sulphuric  acid, 
and  lastly  through  a  Wolffs  bottle  containing  a  saturated  solu- 
tion of  ignited  carbonate  of  soda;  and,  after  being  so  washed, 
the  air  enters  the  glass  shade,  from  which  it  passes,  by  the  exit 
tube,  through  an  eight  bulbed  apparatus  containing  sulphuric 
acid,  by  which  communication  with  the  unwashed  external  air 
is  prevented.  Carbonic  acid  is  supplied  as  occasion  may  re- 
quire, by  adding  a  measured  quantity  of  hydrochloric  acid  to 
a  bottle  containing  fragments  of  marble,  the  evolved  gas  being 
passed  through  one  oi  the  bottles  of  sulphuric  acid,  throagh 
the  long  tube,  and  through  the  carbonate  of  soda  solution, 
before  entering  the  shade. 

It  will  be  observed  that,  by  the  arrangement  described,  the 
washed  air  is  forced,  not  aspirated,  through  the  shade,  and  the 

f)re8sure  being  thus  the  greater  within  the  vessel,  the  danger  of 
eakage  of  unwashed  air  from  without  inward  is  lessened.  In 
1857,  twelve  sets  of  such  apparatus  were  employed ;  in  1858  a 
larger  number,  some  with  larger  lute-vessels,  and  shades;  in 
1869  six,  and  in  1860  also  six.  The  whole  were  arranged,  side 
by  side,  in  the  open  air,  on  stands  of  brick- work,  as  described 
in  the  papers  referred  to,  and  shown  in  the  apparatus  exhibited. 
Drawings  of  some  of  the  plants  grown  were  also  exhibited,  and 
the  puWished  results  are  summarized  in  Table  VIL 
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Tablb  Vn.— iSbmmorv  of  (he  RemiUs  of  Experimenit  made  at  EothaimBted,  to  detor- 
mine  wJiether  Plants  aaeimikUe  Free  Nitrogen. 


NItrogea 
Prodaete 

InSMd, 

and 
Manure, 
Ifanj. 

#> 

ChOn 
orLoM. 

With  NO  combined  Nibrogen  supplied  beyond  thai  tn  Ihe  seed  sown. 


Graminefle. 


(Wheat-— 

1857.-{Bariey-.- 

( Barley... 

(Wheat... 

1858.  •{  Barley... 

(Barley--. 

1858.  (Wheat. -. 
A*    JOatB 

^1857.    Beans... 


Legumino88d. 


1858. 


)  Beans  ... 
Peas 


Other  Plants.     1858.  |  ^^^  \  , 


00080 
0-0056 
00056 

0-0072 
0-0072 
0-0082 

-00008 
+  00016 
+  00026 

0-90 
Ml 
1-46 

0-0078 
00057 
00063 

0-0081 
0-0058 
0-0056 

+  0-0003 
+  0-0001 
-00007 

104 
102 
0-89 

0-0078 
0-0064 

0-0078 
0-0063 

00000 
-0-0001 

1-00 
0-98 

0-0796 

0-0791 

-00005 

0-99 

00760 
0-0188 

0-0757 
0-0167 

+  0-0007 
-00021 

1-01 
0-89 

0-0200 

00182 

-0-0018 

0-91 

With  combined  Nitrogen  supplied  beyond  thai  in  the  seed  sown. 


Graminesd.  ..< 


(Wheat-.. 
Wheat.. - 
Barley..- 
Barley... 

(Wheat... 

1858. -{Barley.. - 

(Oats  .... 

(Wheat... 

1818. -{Barley... 

A*   (Oats  .... 


LegnminoesB. 


1858. 


(Peas  .... 
J  Clover  -. 


1858.    Beans . 
A» 


Other  Plants.     1858. 


(Buck 
I  Wheat 


i- 


0-0329 
00329 
0-0326 
00268 

0-0383 
00331 
0-0328 
00337 

+  +  +  + 
oo  o  o 

116 
101 
1-01 
1-25 

00548 
0-0496 
0-0312 

0-0536 
0-0464 
00216 

-0-0012 
-0-0032 
-0-0096 

0-98 
0-94 
0*69 

00268 
0-0267 
0-0260 

00274 
00242 
00198 

+  0-0006 
-0-0015 
-0-0062 

1-02 
0-94 
0-76 

00227 
0-0712 

00211 
00665 

-0-0016 
-0-0047 

0-93 
0-93 

0-0711 

0-0655 

-0-0056 

0-92 

■  0-0308 

0-0292 

-00016 

0-95 

The  upper  part  of  the  table  shows  the  results  obtained  in 
1857  ana  1858  in  the  experiments  in  which  t  o  combined 
nitrogen  was  supplied  beyond  that  contained  in  the  seed  sown. 
The  drawings  snow  how  extremely  restricted  was  the  growth 
under  these  conditions,  and  the  figures  in  the  table  show  that 
neither  with  the  GramineaB,  the  LeguminosaB,  nor  with  buck- 
wheat, was  there  in  any  case  a  gain  of  three  milligrams  of 
*  These  experiments  were  oonduoted  in  the  apparatus  of  If.  G.  YUle. 
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nitrogen  indicated.  lu  most  cases  there  was  much  less  ^in 
than  this,  or  a  slight  los&  There  was  in  fact  nothing  in  these 
results  to  lead  to  the  conclusion  that  either  the  Graminess,  the 
L^uminosffi,  or  the  buckwheat  had  assimilated  free  nitrogen. 

The  lower  part  of  the  table  shows  the  results  obtained  in 
1857  and  1858,  in  the  experiments  in  which  the  plants  were 
supplied  with  known  quantities  of  combined  nitrogen  in  the 
form  of  a  solution  of  ammonium  sulphate  applied  to  the  soil. 
The  gains  or  losses  range  a  little  higner  in  these  experiments, 
in  which  larger  quantities  of  nitrogen  were  involved,  but  thej 
are  always  represented  by  units  of  milligrams  only,  and  the 
losses  are  higher  than  the  gains.  Further,  the  gains,  such  as 
they  are,  are  all  in  the  experiments  with  the  Graminese,  while 
there  is  in  each  case  a  loss  with  the  Leguminosae,  and  with  the 
buckwheat  On  this  point  it  should  be  stated  that  the  growth 
was  far  more  healthy  with  the  Gramineae  than  with  the  Legu- 
minosffi,  which  are  even  in  the  open  fields  very  susceptible  to 
the  vicissitudes  of  heat  and  moisture,  and  were  found  to  be 
extremely  so  when  enclosed  under  glass  shades.  It  might  be 
objected,  therefore,  that  the  n^ative  result,  with  the  L^gumi- 
nosae  are  not  so  conclusive  as  those  with  the  Gramineae.  How- 
ever this  may  be,  taking  the  results  as  thev  stand,  there  is 
nothing  whatever  in  them  to  lead  to  the  conclusion  that  either 
the  Gramineae  or  the  Leguminossa  can  take  up  and  assimilate 
the  free  nitrogen  of  the  atmosphere.  We,  indeed,  do  not  hesi- 
tate to  conclude  from  our  own  experim^its,  as  Boussingault 
did  from  his,  that  the  evidence  is  strongly  against  the  supposi- 
tion that  plants  can  so  avail  themselves  of  the  free  nitrogen  of 
the  atmosphere. 

Independently  of  the  action  suggested  as  possible  by  M.  Q. 
Ville,  that  is  between  free  nitrogen  and  nascent  or  ozonized 
oxygen  within  the  plant  itself,  it  nas  been  supposed  that  the 
free  nitrogen  of  the  atmosphere  may  unite  with  the  nascent 
oxygen,  or  ozone,  as  the  case  may  be,  evolved  by  the  plant, 
and  so  ^ield  nitric  acid.  In  our  papers  above  referred  to  we 
have  given  reasons  for  supposing  that  such  actions  are  not 
likely  to  take  place ;  but  whether  they  do  or  do  not,  it  is  at 
any  rate  certain  that  in  our  own  experiments  we  have  not  been 
able  to  persuade  plants  to  avail  themselves  of  this  happy 
faculty  of  producing  their  own  nitrogenous  food.  With  regard 
to  the  action  supposed  possibly  to  take  place  externally  to  the 
plant  itself^  if  it  were  in  any  material  degree  operative,  we 
should  expect  some,  at  least,  of  the  resulting  comoined  nitro- 
gen to  be  collected  in  the  aqueous  deposits  from  the  atmos- 
phere; but  we  have  seen  how  inadequate  is  the  amount  of 
combined  nitrogen  in  those  deposits  to  account  for  the  yield  of 
nitrogen,  even  of  the  Graminead,  and  still  less  can  it  satisfao- 
torily  explain  the  yield  in  the  Legurainosae  and  other  plants. 

[To  be  oontinuecL] 
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Abt.  XIL— On  the  Orbit  of  the  planet  Urda  (167) ;  bj  C.  H.  F. 

Peters. 

This  planet  was  discovered  as  a  star  of  12tb  magnitude  on 
August  28th  ult,  and  the  observations  obtained,  after  applying 
corrected  star  positions,  are  the  following,  each  being  the  mean 
from  twelve  comparisons  by  ring-micrometer. 


1876. 

HaoLOoL 

m.  t 

App.a(167). 

App.<J(I67). 

h        m 

■ 

h         m        ■ 

o                /                // 

Aug.  28, 

U      18 

21 

21     68     32-22 

-11     23     41-2 

"     30, 

13     35 

16 

21     57       2-27 

-11     33     23-3 

Sept.  12, 
^     15, 

12     48 

43 

21     48     16-70 

-12     31     14-2 

12     19 

28 

21     46     38-63 

-12     42     24-8 

It  seems  that  the  planet  has  not  been  seen  anywhere  else ; 
and  the  orbit  therefore  had  to  be  evolved  from  the  foregoing 
observations  alone,  however  unequally  distributed  over  an  in- 
terval of  only  eighteen  daya  I  succeeded  by  computing  first 
a  circular  orbit,  which  served  for  freeing  the  observations  from 
aberration  and  parallax,  and  then  using  of  the  eight  data  the 
four  longitudes  and  the  two  extreme  latitudes.  The  final 
ellipse  arrived  at  is  the  following : 

Bpooh,  1877,  Jan.  0*0  Berlin  m.  t. 

L=317°  43'  27-4". 

n=:  32**  89'  22*2" +50  24"  (t.  -1876). 

0=170**     7'  25-4"+49-25"  (t.  -  1 876). 

»=     1°  42'  14-5"-  0-47"  (t.  ^1876). 

9=   18**  10'  30-6". 

)W=614-475". 
log  a=0*507668. 

Of  these  elements,  three,  viz.,  node,  inclination  and  major 
axis,  bear  a  remarkable  resemblance  to  those  of  Gerda  (122). 
Moreover,  the  element  of  the  excentricity,  as  it  is  derived  from 
so  short  an  arc  in  our  orbit,  remains  necessarily  very  uncertain. 
The  same  is  the  case,  though  in  less  degree,  and  tor  the  same 
reason,  with  the  position  of  the  apsides,  or  the  longitude  of  peri- 
helion. Only  the  remaining  6th  element,  therefore,  can  decide, 
whether  the  two  planets  are  identical.  Now,  for  the  same  epoch 
we  have  for  Gerdk  L=168**  46',  and  as  the  correctness  of  Mr. 
Stock welFs  computations  of  Gerda  are  fully  confirmed  by  ob- 
servations upon  this  planet  made  at  Berlin  in  April  lust,  it  is 
proved  that  Urda  is  distinct  from  Gerda. 

The  fact  of  two  planets  moving  in  the  same  plane,  with  the 
same  time  of  revolution,  having  also  the  line  of  apsides  in  com- 
mon (our  elements,  if  correct,  show  a  longitude  of  perihelion 
nearly  180**  distant  from  Gerda*s),  but  with  a  widely  different 
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excentricity,  is  worthy  of  note.     And  it  is  therefore  still  more 
desirable,  that  Urda  should  not  pass  unnoticed  in  its  next 
opposition,  which  will  occur  in  January,  1878,  and  when  the 
planet  will  be  of  the  12'7  magnitude. 
Litchfield  Observatory  of  Hamilton  College,  Jan.  6,  1877. 


Abt.  XIIL — PiHnciples  of  Compensation  in  Chronomeiers;   by 
J.  B.  James,  M.D.,  Trenton,  N.  J. 

"  Fob  one  to  know,  is  nothing,  unless  others  also  may  know," 
is  an  aphorism  of  modem  progressive  science ;  for  it  is  only 
from  what  has  been  attained  that  step  by  step  further  progress 
may  be  made.  This  it  is  which  impels  the  writer  to  ofl'er  some 
considerations  on  the  principles  of  compensation  in  chronome- 
ters. 

It  may  be  assumed  as  an  axiom  of  general  application,  that 
an  error  should  be  avoided  whenever  it  is  possible,  rather  than 
compensated  ;  yet  this  plain  axiom  is  disregarded  in  the  com- 
pensation balance,  in  two  respects. 

1st  What  is  the  action  of  the  laminated  rim  as  affected  by 
change  of  temperature?  The  end  of  the  arm  is  commonly  re- 
garded as  a  fixed  point,  which  it  is  not ;  for  its  distance  from 
the  center  is  changed  b^  change  of  temperature ;  and  whatever 
weight  is  here,  if  its  distance  from  the  center  is  changed,  that 
change  must  be  compensated  at  the  other  end  of  the  segment ; 
and  therefore  this  is  not  the  place  for  mean-time  screws ;  while 
between  these  two  ends  of  tne  segment,  there  must  be  a  point 
whose  distance  from  the  center  undergoes  little  or  no  change, 
and  where  its  weight  requires  no  compensation  for  change  of 
temperatura  This  point  of  uniform  distance  from  the  center, 
when  ascertained,  snould  therefore  be  regarded  as  the  fixed 
point;  and  if  the  compensation  required  were  only  for  the 
changes  in  the  balance  itself,  it  would  be  absolutely  perfect ; 
for  as  the  one  end  of  the  segment  recedes  from  the  center,  the 
other  approaches  it — the  one  merely  taking  the  place  of  the 
other;  and  this  would  be  in  effect  true  whether  the  ends  were 
equidistant  from  the  fixed  point  or  not — the  longer  segment  re- 
(}uiring  only  the  less  weight.  It  is  the  attempt  to  compensate, 
in  the  balance,  for  changes  in  the  length  and  elasticity  of  the 
spring  that  creates  the  necessity,  for  a  secondary  compensation. 

This  principle  of  compensation  for  temperature  has  beeriprac- 
ticed  in  the  pocket  chronometer,  with  marked  success,  by  Henry 
B.  James,  of  Trenton  N.  J.,  for  some  years.  He  attaches  the 
outer  end  of  the  balance  spring  to  the  elastic  arm  of  a  laminated 
convolute,  which,  at  the  same  time  that  it  compensates,  more  or 
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less,  for  changes  in  the  spring,  permits  a  more  free  movement 
of  the  balance ;  while,  parting  the  rim  of  a  balance  having 
equal  thicknesses  of  brass  and  steel  in  its  structure,  at  a  dis- 
tance of  one-sixth  of  its  circumference  from  the  arm,  he 
assumes  the  middle  of  the  longer  portions,  and  the  free  ends  of 
the  shorter,  as  places  where  weight  requires  no  compensation, 
the  longer  portions  carrying  on  their  free  ends  only  a  moderate 
weight  for  the  compensation  needed. 

2d.  The  work  performed  by  the  balance  near  its  center  .of 
motion  is  a  source  of  error  that  has  been  generally  neglected. 
It  is  a  settled  principle  of  dynamics,  that  "  if  a  body  revolving 
on  an  axis  strike  an  immovable  obstacle  at  the  center  of  percus- 
sion^  the  point  of  suspension  will  not  be  aflfected  by  it ;  while 
**if  the  blow  be  strucK  in  any  other  point,  a  part  of  its  motion 
will  be  employed  in  endeavoring  to  continue  tne  motion."  Thus 
if  we  take  into  the  hand  at  one  end  a  club  of  uniform  thickness^ 
and  by  a  motion  from  the  wrist  as  a  center  strike  an  obstacle  at 
a  distance  of  one-third  its  length  from  the  other  end,  the  hand 
feels  no  effect  from  the  blow  ;  but  if  it  be  struck  by  any  other 
point,  the  hand  will  receive  a  part  of  the  blow, — greater  as  it  is 
further  from  the  point  named.  Now  the  "center"  or  line  of  per- 
cussion of  a  balance  is  in  or  near  the  rim,  and  the  resistance  to 
its  motion,  by  means  of  the  spring  and  escapement,  is  near  its 
center;  and  the  force  thus  lost,  as  to  the  movement  of  the 
spring  and  escapement,  is  transmitted  to  the  pivots  of  the  bal- 
ance as  useless  frictioa  The  errors  arising  from  the  relative 
positions  and  directions  of  these  forces  and  that  of  gravitation, 
and  the  changes  therein  from  change  of  position  or  latitude, 
from  the  density  of  the  air  and  the  space  in  which  the  balance 
moves,  varying  friction  from  the  oil,  lurches  on  shipboard  or 
jolts  in  the  pocket,  and  from  the  different  rates  of  expansion  of 
metals  as  they  affect  the  friction  of  the  balance  or  pivots  or  the 
working  of  the  escapement — these  Aimish  a  problem  to  ascertain 
or  compensate  their  averse  effects,  sufficiently  complicated  to 
account  for  the  little  progress  that  has  been  made  in  perfecting 
the  chronometer.  For  however  small  may  be  their  effects  on  a 
i^ngle  movement  of  the  balance,  when  it  is  multiplied  by  four- 
teen to  eighteen  thousand  for  every  hour,  or  three  or  four  hun- 
dred thousand  in  twenty  four  hours,  they  become  so  readily 
appreciable  as  to  deserve  attention  and  amelioration. 

ifow  if  we  can  remove  from  the  balance  pivots  this  intermit- 
tent and  useless  friction,  leaving  only  its  own  greatly  reduced 
and  uniform  amount,  unchanged  by  change  of  position  or 
temperature,  a  balance  of  greater  momentum  could  be  substitu- 
ted, which,  in  a  proportionate  degree  would  lessen  the  effect  of 
the  remaining  sources  of  error,  and  this,  it  is  believed,  can  be 
accomplished  by  simple  and  practicable  mechanism. 
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Abt.  XIV. — Notes  on  the  Vespertine  Strata  of  Virginia  and  West 
Virginia  ;  by  WiLLlAM  M.  FONTAINE. 

((Concluded  from  page  48.) 

Vespertine  of  AugvLsta  and  Rockingham  Counties, 

My  principal  examincdiions  in  this  quarter  were  made  at 
"North  River  Gap,"  in  the  northern  comer  of  Augusta  county, 
in  the  '^  Dora  Coat  Field."  In  this  part  of  the  State  the  eastern 
edge  of  a  fractured  portion  of  the  Vespertine  area  seems  to 
have  been  pressed  down  against  the  massive  Lower  Silurian 
limestone,  along  the  line  of  fault  which  runs  on  the  west  side 
of  the  "Valley  of  Virginia."  This  has  resulted  in  the  overturn 
of  the  strata  westward,  and  the  catohing  of  a  narrow  synclinal 
belt  of  the  middle  member  under  the  massive  sandstones  of 
the  lower  portion.  These,  by  their  resistance  to  erosion,  have 
preserved  from  removal  the  more  destructible  strata  of  the  coal- 
Dearing  rocks,  and  standing  up  in  huge  ribs,  form  the  core  of 
the  Great  North  Mountain,  here  called  locally,  "Narrow  Back." 
As  might  be  expected,  especially  in  the  mountain  itself,  the 
amount  of  contortion  and  crushing  is  immense. 

The  sandstones  are  changed  to  quartzites,  with  all  granular 
structure  obliterated.  The  shales  which  contain  the  coal,  from 
their  more  yielding  nature,  have  suffered  most.  Where  they 
are  exhibited  in  tne  western  face  of  the  mountain,  they  are 
thrust  through  the  coal  seams,  and  wrapped  in  the  most  com- 
plicated contortions.  In  places  they  seem  to  have  been  drenched 
with  water  holding  silica  in  solution.  They  sometimes  contain 
lumps  and  strings  of  quartz,  deposited  by  such  waters.  Yet 
with  all  this,  they  are  true  shales,  being  rendered  only  more 
compact  and  harder.  This  is  another  striking  example  of  the 
difference  in  the  amount  of  metamorphic  action,  produced  in 
sandstones  and  shales,  when  subjectea  to  the  same  influences, 
and  of  the  insufficiency  of  mechanical  disturbance  to  produce 
more  than  the  first  stages  of  metamorphism. 

The  convoluted  and  disturbed  strata  of  the  mountain  dip 
southeast  at  a  high  angle.  After  passing  it  to  the  west,  the  dip 
flattens  rapidly,  and  while  the  rocks  of  the  mountain  are  in- 
verted, we  now  find  thern  in  their  normal  position.  We  may 
compare  the  structure  of  the  belt  to  a  fish-hook,  with  its  shank 
turned  westward,  the  bend  representing  the  mountain.  The 
material  of  the  hook  would  represent  the  sandstones  of  the 
lower  Vespertine,  while  we  may  conceive  the  middle  member 
with  its  coals  as  filling  the  curve,  and  resting  upon  the  shank. 
It  will  thus  be  seen  that  the  number  of  coal  beds  will  be 
doubled  by  overlap  in  the  west  face  of  the  mountain.     The 
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strata  have  sulDEered  much  from  erosion,  and  show  only  the 
lower  and  middle  members.  It  is  however  by  no  means  certain 
that  the  upper  member  of  red  shales  was  ever  present.  The 
increase  in  the  coarseness  and  amount  of  the  sandstones  under- 
lying the  coal  strata  seems  rather  to  indicate  its  former  absence. 
JSTo  limestone  appears  here. 

I  did  not  maice  a  complete  section  at  this  point  of  the  strata 
supposed  to  represent  the  Catskill.  Enough  however  was  seen 
to  show  that  red  shales  appear  here  at  the  same  horizon  as  at 
Lewis  Tunnel,  but  the  amount  is  not  so  great,  and  they  are 
now  changed  to  red  argillaceous  flags.  The  upper  members 
here  are  somewhat  massive  liver-colored  sandstones,  which 
graduate  upward  into  the  white  sandstones  of  the  lower  Vesper- 
tine. The  Catskill  ?  strata  seem  to  be  considerably  thicker  in 
this  region  than  at  Lewis  TunneL 

The  sandstones  of  the  lower  member  of  the  Vespertine  cannot 
be  separated  by  any  distinct  dividing  line  from  the  above  men- 
tioned rocks.  But,  assuming  for  their  base  the  strata  which  do 
not  show  a  predominance  of  the  red  color,  they  show  a  thick- 
ness of  about  400  feet.  All  are  highly  siliceous,  and  lie  in  pretty 
massive  beds.  No  dividing  line  can  be  drawn  in  this  mass  of 
rock,  but  a  gradual  change  may  be  traced.  At  the  base  it  is 
brownish,  gray,  then  gray,  and  finally  while,  passing  near  the 
top  into  gray  flags.  The  white  portion  is  about  200  feet  thick, 
being  mainly  a  massive  quartzite,  but  showing  in  the  lower 
portion  some  conglomerate  bands.  Over  the  above  mentioned 
rocks  are  about  40  feet  of  gray  flags,  in  the  top  of  which  is  the 
lowest  coal  bed.  This  stratum  may  be  taken  as  the  lower  por- 
tion of  the  middle  member.  The  following  is  the  section  from 
the  lowest  coal  ascending  to  the  highest : 

1.  Black  siliceous  shales,  (floor).      6.  Black  siliceous  shale,  4  feet. 

2.  Coal,  18  inches.  7.  Sandstone,  1  foot. 

3.  Argillaceous  sandstone,  4  feet.     8.  Black  shale,  6  feet 

4.  Black  siliceous  shale,  6  inches.     9.  Coal,  2-2^  feet. 

6.  Sandstone,  8  inches.  10.  Black  siliceous  shale,  12  ft. 

No.  2  is  very  impure,  and  where  it  is  best  has  several  part- 
ings of  shale.  It  is  very  variable  in  the  amount  of  coal,  and 
often  runs  almost  entirely  into  shale.  No.  6  has  some  thin 
strings  of  coal,  as  is  the  case  with  No.  8.  No.  9  is  the  most 
constant  bed,  and  has  the  largest  amount  of  clear  coaL  In  the 
top  of  No.  10  a  few  thin  strings  of  coal  sometimes  occur. 

The  remaining  rocks  above  No.  10  are  gray  and  bluish-gray 
sandy  shales,  showing  in  some  places  abundant  plant  impres- 
sions. The  exposures  are  too  poor  to  allow  any  approximation 
to  their  thickness. 

The  coal  here  is  a  true  anthracite,  of  pretty  good  quality. 
Attempts  have  been  made,  from  time  to  time,  to  work  it,  but 
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without  success.  The  large  amount  of  carbon  in  some  of  the 
shale  immediately  associated  with  the  coal,  its  highly  glazed 
aspect  (from  friction),  and  the  intimate  manner  in  which  it  is 
mixed  with  the  true  coal,  have  led  to  an  exaggerated  estimate 
of  the  thickness  of  the  beds.  This  mistake  was  aided  by  the 
imperfect  manner  in  which  the  coal  was  exposed  in  the  out- 
crops. From  these  causes  I  was  myself  led,  some  two  years 
ago,  on  my  first  visit  to  the  place,  to  think  the  amount  of  coal 
greater  than  it  has  proved  to  ba  Of  late  the  somewhat  exten- 
sive exploration  made  in  this  field  by  the  Royal  Land  Co.,  of 
Virginia,  has  demonstrated  that  the  amount  of  coal  is  too  small, 
and  its  crushing  too  great,  to  render  it  of  commercial  value. 

The  Vespertine  strata  in  Montgomery  County. 

I  have  not  had  the  good  fortune  to  procure  a  copy  of  Prof. 
Lesley's  "  Description  of  the  South  Virginian  Coal  Kegion  of 
Montgomery  and  Wythe  counties,"  published  in  vol.  ix,  Proc. 
Am.  Phil.  Soa  No  doubt  this  would  have  aided  me  greafly 
in  my  study  of  the  Vespertine  of  Montgomery,  to  which  my 
investigations  were  confined. 

The  Vespertine  strata  in  Montgomery  county  occupy  two 
distinct  areas,  which  require  separate  descriptions.  The  most 
important  of  these  is  the  narrow  tract  lying  on  the  northern 
side  of  the  great  fault,  which  passes  just  south  of  Brush  Moun- 
tain. This  is  but  the  continuation,  to  the  south,  of  the  belt  just 
described  in  Augusta  county. 

The  smaller  area  lies  about  two  miles  south  of  Brush  Moun- 
tain, from  which  it  is  separated  by  a  narrow  belt  of  Lower 
Silurian  limestone,  and  about  two  and  a  half  miles  northwest 
of  Christiansburg.  This  small  area,  so  far  as  I  know,  has  never 
received  the  notice  that  it  deserves.  Prof.  Eogers  simply 
speaks  of  it  as  an  outlier  of  Vespertine,  similar  in  character  to 
tnat  of  Brush  Mountain.  But  little  was  known  of  it  then,  and 
even  up  to  the  late  war,  when  its  coals  were  examined  and 
worked  to  some  extent.  Since  then  the  good  quality  and 
thickness  of  the  beds,  as  well  as  the  ease  with  which  they  may 
be  worked,  have  led  to  their  farther  development 

The  structure  of  this  field,  which  bears  the  name  of  Price's 
Mountain,  is  one  of  the  most  curious  products  of  the  force 
which  has  produced  the  numerous  faults  m  this  region.  It  is  a 
belt,  with  an  anticlinal  structure,  about  seven  miles  long,  and 
2J  wide,  running  nearly  east  and  west,  (more  accurately,  10**  N. 
of  E.). 

The  maps  of  Virginia  show  a  mountain  chain,  under  the 
name  Alleghany,  running  by  Christiansburg  in  a  northerly 
direction,  to  meet  Brush  Mountain.  This  is  merely  a  water- 
shed, and  does  not  appear  above  the  surrounding  country  as 
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mountain.  The  eastern  end  of  the  Vespertine  belt  in  question 
is  found  in  this  watershed.  From  that  point,  where  the  strata 
stand  at  the  general  level  of  the  country,  they  run  nearly  in  a 
westerly  direction  toward  New  River,  and  pass  about  2J  miles 
northwest  of  Christiansburg.  The  strata  of  the  eastern  end  are 
the  red  marlites  of  the  upper  member.  In  passing  westward 
they  begin  to  rise  into  an  anticlinal  elevation,  which  soon 
attains  the  height  of  about  800  feet,  which  height  is  maintained 
for  about  8^  miles,  showing  a  continuous  ridge.  This  portion 
bears  the  name  of  Price's  Mountain.  Farther  west,  toward  the 
river,  the  ridge  is  broken  up  into  hills,  and  then  finally  disap- 
pears before  the  stream  is  reached.  I  am  informed  that  no 
trace  of  the  strata  is  to  be  found  west  of  New  River,  where  the 
rock  is  all  limestone. 

As  the  ridge  rises  in  passing  west,  the  coal-bearing  strata  of 
the  middle  member  begin  to  appear  through  the  red  marlites, 
and  where  it  is  "highest,  the  upper  part  of  the  lower  member 
appears  in  the  crest  In  this  portion  the  coals  are  worked. 
Here  we  find  the  red  marlites  forminc  an  outer  band  on  each 
side  of  the  ridge,  and  cut  oflf  abruptly  north  and  south  by  the 
Lower  Silurian  limestone,  which  also  sweeps  around  the  eastern 
end.  The  coal  strata  occupy  the  foot,  and  reach  some  distance 
up  the  slope,  on  each  side.  The  field  seems  to  be  a  prism  of 
V  espertine  strata,  engulfed  by  a  double  fault  in  the  limestone, 
with  its  eastern  end  tipped  lower  than  the  middle  and  western 
portiona  The  dip  of  course  is  nearly  north  and  south,  away 
from  the  crest,  ana  toward  the  limestone. 

The  amount  of  contortion  and  rubbing  exhibited  by  the 
strata  is  surprisingly  small.  The  roof  and  floor  of  the  openings 
made  are  as  uniform  and  smooth  as  those  of  our  upper  coals  of 
the  West  As  a  consequence,  the  coal  is  worked  with  ease, 
and  unlike  that  of  Brush  Mountain,  two  miles  ofi^,  shows  but 
little  rubbing,  and  may  be  taken  out  in  blocks  of  any  size. 
There  are  two  beds  here  as  in  Brush  Mountain,  being  evidently 
the  same.  The  amount  of  slate  partings  is  however  smaller  in 
Price's  Mountain,  and  the  coal  thicker. 

As  the  middle  member  containing  the  coal  beds  is  evidently 
similar  to  that  exposed  in  Brush  Mountain,  while  the  exposure 
here  is  not  so  good,  the  sestion  of  it  taken  in  that  mountain 
will  suflSce  for  both  localities.  The  same  may  be  said  of  the 
lower  m^nber.  The  upper  red  beds  however  are  much  better 
displayed  here,  and  the  section  of  them,  taken  from  the  north- 
em  foot  of  Price's  Mountain  northward  to  the  limestone,  will 
be  riven  as  a  representative  one.  We  find  here  these  rocks 
well  exposed,  with  a  steady  northward  dip,  until  they  are  sud- 
denlv  cut  off  by  the  limestone. 

The  dip  on  the  north  side  is  somewhat  steeper  than  on  the 
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south  side,  being  in  the  former  case  80^  N.KW.,  and  in  the 
latter,  26^  SrS  E.  The  coal  of  the  upper  bed  on  the  north  side 
is  somewhat  thicker  than  that  on  the  south  side.  The  lower 
bed  is  e^entially  the  same  on  both  sides.  The  lower  bed 
everywhere  averages  about  two  feet.  It  is  enclosed  in  gray 
flags,  and  separated  from  the  upper  by  about  forty  feet  of  the 
same  kind  of  rock. 

An  average  section  for  the  upper  bed  on  both  sides,  is  as  fol- 
lows, commencing  at  the  top: 

1.  Black  slate,  (roof).  5.  Slate,  1  inches. 

2.  Coal,  12  inches.  6.  Coal,  10  inches. 
8.  Slate,  12  inches.  1.  Slate,  (floor). 

4.  Coal,  2|  feet. 

No.  4  sometimes  runs  up  to  three  feet,  and  the  other  layers  of 
coal  show  occasionally  an  increase  of  several  inches  in  thickness. 
The  following  section,  omitting  details,  will  give  the  char- 
acter of  the  red  upper  member,  commencing  below : 

1.  Interstratiflcation  of  brown  sandstone,  and  red  shale,  60  feet. 

2.  Red  and  mottled  marlites,  with  some  brown  sandstone,  440  ft 
8.  Thmly  fissile,  red  shales,  «       **         **  «        600  feet. 

A  r^ular  change  may  be  traced  in  the  character  of  these 
sediments.  No.  1  and  Tso.  2,  in  the  lower  portion,  have  a  larger 
proportion  of  sandstona  But  in  the  greater  portion  of  No.  2, 
especially  the  middle  and  upper  parts,  and  in  all  of  No.  8,  the 
sandstone  appears  only  in  occasional  beds.  The  lower  portion 
of  No.  2  is  orten  mottled  with  spots  and  streaks  of  grav  and 
^reen.  The  indications  are  that  the  strata  were  deposited  dur- 
ing a  steadily  progressing  subsidence. 

This  thickness  of  1090  feet  of  red  shales  and  marlites  is  sud- 
denly cut  oflF  on  the  northern  side»  by  the  Lower  Silurian  lime- 
stone, which  throughout  this  resrion  has  a  southeast  dip,  and 
shows  a  considerable  amount  of  alteration.  No  remnant  of  the 
Lower  Carboniferous,  or  Lewisburg  limestone,  is  seen  here,  and 
if  it  were  ever  present^  it  has  been  removed  by  erosion.  It  is 
clear  that  this  mass  of  red  strata  was  deposited  prior  to  this 
limestone,  if  it  were  ever  formed  here.  In  any  case  we  would 
have  a  great  deyelopment  of  the  upper  member,  as  compared 
with  the  same  near  Lewis  Tunnel,  ana  this  agrees  well  with  the 
development  of  the  two  underlying  members  in  this  region. 

I  am  inclined,  however,  to  think  that  all  of  these  beds  were 
not  deposited  before  the  limestona  The  increasing  fineness  of 
the  upper  portion  No.  8,  and  other  indications  that  this  |)art  was 
formed  in  comparatively  deep  and  quiet  waters,  make  it  quite 
probable  that  No.  8  is  the  representative  here  of  the  limestona 
So  far  as  I  know  the  limestone  has  been  seen  by  no  one  so  far 
to  the  east     The  sudden  catting  off  of  the  Lower  Carboniferous 
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limestone  by  faults  in  its  most  easterly  known  exposures,  renders 
it  diflScult  to  draw  any  conclusions  from  a  change  of  thickness. 

Brush  Mountain  lies  to  the  north  of  Price's  Mountain,  and  is 
separated  from  it  by  a  belt  of  Lower  Silurian  limestone  about 
li  miles  wida  Its  structure  is  very  simpla  The  northern 
foot  is  composed  mainly  of  Chemung  strata,  while  the  central 
mass  is  formed  of  the  lower  member  of  the  Vespertine,  which 
extends  some  distance  down  the  southern  slope.  A  portion  of 
the  southern  face  and  foot  of  the  mountain  is  composed  of  the 
middle  or  coal-bearing  member,  while  a  band  of  red  rocks 
belonging  to  the  upper  member  forms  the  foot-hills  next  to  the 
limestone  belt.  By  the  great  feult,  mentioned  before  as  run- 
ning on  the  western  side  of  the  valley  of  Virginia,  this  mass  of 
strata  has  been  brought  down  so  as  to  abut  against  the  Lower 
Silurian  limestone.  Though  there  has  been  no  overturn  of  the 
strata,  yet  some  slight  shifting  of  the  beds  has  been  produced, 
causing  a  considerable  amount  of  rubbing  and  crushing.  This 
has  made  itself  felt,  especially  in  the  coal,  which  in  consequence 
is  much  more  fractured  and  rubbed  than  that  of  Price's  Moun- 
tain, yet  by  no  means  so  much  so  as  that  of  Augusta  and 
Bockingham  counties.  Poverty  Creek,  after  flowing  for  some 
distance  along  the  north  side,  cuts  directly  through  this  moun- 
tain, and  gives  a  good  section  of  all  the  strata  of  the  Vespertine. 
The  dip  is  80°  S.S.E.  toward  the  fault  My  section  was  taken 
along  this  creek,  commencing  on  the  north  side  in  the  Chemung 
beds,  and  proceeding  south  to  the  upper  member  of  the  Ves- 
pertina 

The  Chemung  beds  show  the  same  character  here  as  at  Lewis 
Tunnel.  The  same  alternations  of  fla^y  sandstone  and  shales, 
with  thin  layers  containing  numerous  impressions  of  shells,  are 
found.  These  beds  are  to  be  seen  within  a  space  of  400  feet, 
under  the  lowest  of  the  Vespertine  strata.  Tnis  interval  was 
too  much  concealed  to  enable  me  to  determine  whether  it  is 
occupied  by  Chemung  beds,  or  strata  which  may  be  the  equiva- 
lents of  the  CatskilL  If  the  latter  are  present  here,  they  must 
be  less  than  400  feet  thick.  1  am  inclined  to  think  that  they 
are  entirely  absent,  having  been  replaced  by  the  greatly  thick- 
ened lower  beds  of  the  Vespertine.  The  following  is  the  sec- 
tion of  the  latter  in  ascending  order. 

Lower  member  of  the  Vespertine. 

1.  Massive  white  conelomerate  and  sandstone,  80  feet 

2.  Massive  white  sandstone,  with  layers  of  conglomerate,  150  feet 

3.  Thin-bedded  white  siliceous  sandstones,  100  feet 

4.  White  and  yellowish  flags,  marked  with  red  spots  and  streaks, 

300  feet 

5.  Siliceous  gray  sandstones  and  flags,  300  feet 

Total  for  the  lower  member,  930  feet 
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Na  1  is  a  conglomerate  of  remarkable  coarseness,  and  con- 
tains  only  subordinate  bands  of  coarse  white  sandstone.  Most 
of  the  pebbles  are  from  a  half  an  inch  to  an  inch  in  size,  but 
many  are  two  inches  in  diameter,  and  flat  The  quartzose  mat- 
ter is  all  pure  white,  and  plainly  derived  from  the  Potsdam  and 
underlying  quartzites,  as  may  be  easily  seen  from  the  nature  of 
the  larger  pebbles.  The  smaller  pebbles  are  rounded.  The 
great  coarseness,  pure  siliceous  character,  and  white  color  of 
this  stratum,  contrast  in  the  most  striking  manner  with  the 
underlying  Chemung  beds,  and  point  to  a  radical  change  in  the 
conditions  of  deposition. 

No.  2  is  a  hignly  siliceous,  white  sandstone,  with  subordinate 
bands  of  smaller  pebbles.  A  gradual  change  from  a  highly 
siliceous  character  to  a  more  argillaceous  one,  may  be  traced  as 
we  ascend  in  the  series.  No.  4  is  marked  with  streaks  and 
spots  of  red,  and  begins  to  show  some  argillaceous  matter,  es- 
pecially toward  the  top,  while  in  No.  5  a  large  amount  of  this 
material  is  present.  This  latter  is  heavy  lidded  toward  the 
bottom,  and  more  flaggy  toward  the  top. 

Middle  member  of  the  Ve$pertine, 

1.  Argillaceous  gray  sandstones,  200  feet. 

2.  Coal.     Upper  bed,  thickness  not  exposed. 

3.  Massive  and  flaggy  gray  sandstones,  interstratified,  120  feet. 

4.  Bluish,  argillaceous  gray  flags,  350  feet. 

Total  for  the  middle  member,  670  feet. 
The  lower  coal-bed  was  not  seen  in  this  section.  No.  8  is 
rather  more  massive  and  siliceous  here  than  in  Price's  Moun- 
tain. In  No  4,  occiisional  beds  10  to  15  feet  thick  occur,  more 
massive  and  siliceous  than  the  great  body  of  the  mass.  Next 
above  No.  4  come  the  red  beds  of  the  upper  member. 

The  coals  of  Brush  Mountain  lie  in  two  beds,  identical  with 
those  of  Price's  Mountain,  but,  as  stated  before,  the  amount  of 
slate  partings  is  greater,  as  is  the  disturbance  to  which  they 
have  been  subjected.  Still  the  upper  bed  here  is  also  worked 
to  a  considerable  extent  The  lower  bed  has  a  sandstone  floor 
and  rool  It  is  about  three  feet  thick,  with  a  slate  parting  in 
the  middle,  from  five  to  ten  inches  thick.  This  bed  was 
formerly  worked  on  a  small  scale,  but  is  now  entirely  neglected. 
The  upper  bed  is  separated  from  this  by  from  thirty-five  to 
forty  feet  of  gray  flags.  About  half  way  between  the  two,  at 
some  of  the  openings,  a  small  seam  twelve  inches  thick,  is 
reported  to  exist  The  following  is  the  section  of  the  upper 
b^: 
No.  1.  Bottom  slate.  No.  4.  Coal,  6  inches. 

"    2.  Coal,  8  inches.  "    6.  Slate,  1  inch. 

^    3.  Slate,  3  inches.  ^^    6.  Coal,  6  inches. 

Am.  Jour.  Sol— Third  SBsna,  Vol.  Xm,  No.  74.— Fn.,  1S77. 
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No.  7.  Slate,  10  inches.  No.  11.  Slaty  coal,  6  inches. 

•**•     8.  Mining  dirt,  6  inches.         '^    12.  Mining  dirt,  6  inches. 

"     9.  Main  coal,  20-30  inches.    "    13.  Coal  and  slate,  20  inches. 

*M0.  Slate,  8  inches.  **    14.  Coal,  10  inches. 

No.  2  is  quite  soft,  and  a  ffood  material  for  blacksmiths.  The 
"bearing  in"  is  done  in  Nos.  8  and  12.  These  are  composed 
of  crushed  coal  and  slate.  All  the  material  above  and  below 
them  is  neglected.  The  roof  above  No.  14  is  a  coarse  sand- 
stone with  some  pebbles.  In  some  localities  two  small  seams 
occur  above  this  oed,  within  the  space  of  fortv-five  feet.  These 
small  seams  may  occur  in  Price^s  Mountain,  but  were  not  seen. 

The  coal  is  all  semi-bituminous,  some  of  it  approaching  an 
anthracite.  The  coal  of  the  lower  bed  is  harder  than  that  of 
the  upper.  In  Price's  Mountain  the  coal  of  the  main  portion 
of  the  upper  bed  is  a  handsome,  firm  material,  with  a  dull 
lustre,  much  resembling  the  natural  coke  of  the  Richmond  coal 
field.  It  seems  here  to  be  remarkably  free  from  sulphur.  The 
coal  of  Brush  Mountain  is  usually  glazed  bv  friction,  and  seems 
to  have  more  sulphur.  An  analysis  by  l^rof.  Rogers  makes 
these  coals  to  contain :  14  p.  c.  bituminous  matter,  80  p.  c. 
carbon,  and  6  p.  c.  of  ash.  The  ash  is  very  fine,  and  of 
a  white  color.  The  coal  is  said  to  be  excellent  for  grates  and 
stoves. 

It  will  be  seen  from  the  above  account  that  there  has  been  a 
very  marked  thickening  of  the  Vespertine  as  we  proceed  from 
north  to  south  through  the  state,  accompanied  by  an  increase 
in  the  amount  of  coal  contained  in  it  This  increase  seems  to 
be  largely  at  the  expense  of  the  supposed  Catskill  beds.  It  is 
in  conformity  with  a  law  of  increase  which  holds  good  for  all 
the  strata  from  the  Devonian  to,  and  including,  the  Lower  Bar- 
ren Measures  of  the  Upper  Coals. 

Fianta. 

I  have,  whenever  opportunity  oflfered,  made  a  collection  of 
the  plant  impressions,  but  owing  to  their  peculiar  mode  of 
distnbution,  and  the  small  amount  of  excavation  made  in  these 
strata,  I  have,  as  yet,  not  been  able  to  procure  a  collection  lai^ge 
enough  to  be  oJBFered  as  representative  of  the  series.  Hence  I 
will  not  attempt  to  give  here  anything  but  a  few  general  state- 
ments, which  may  be  greatly  modified  by  farther  aiscoveriea 

So  far  as  my  observations  go,  the  plants  of  this  series  of  strata 
occur  at  any  given  locality,  with  but  few  species,  while  these 
are  marked  by  the  great  number  of  individuals  which  they 
exhibit  These  species  are  widely  distributed,  and  perfectly 
characteristic  of  the  series,  at  least  as  compared  with  the  flora 
of  the  beds  above  the  Conglomerate.  The  most  important  and 
characteristic  plants  are  the  following : 
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1.  Lqn'dodendron.  The  forms  of  Lepidodendron  are  the 
most  abundant  and  widely  distributed.  They  are  aU  character- 
ized by  small  leaf-scars. 

2.  Palceopteris,  This  shows  two  types.  By  far  the  most 
abundant  and  widely  distributed  is  the  form  with  narrow  ellip- 
tical leaflets,  like  P.  Jacksonu  We  find  much  less  abundantly,  a 
second  type  with  broad  flabellate  leaflets,  like  Palceopteris  obhiscu 

3.  Tripnyllopteris,  To  this,  I  consider  Mr.  Meek*s  Oyclop* 
teris  VirginianKij  and  C.  Lesueuriana,  as  belonging.  The  latter 
plant,  with  possibly  a  similar  species,  is  widely  distributed  and 
very  abundant  in  some  localities,  forming  all  the  impressions 
to  be  found. 

I  have  nowhere  seen  any  impressions  of  Sigillaria,  Calamites, 
Sphenopteris,  and  others  of  the  most  common  plants  in  the  pro- 
ductive coal-measurea  In  only  one  case  have  I  seen  a  speci- 
men of  Neuropteris,  and  this  was  a  remarkably  fine  one,  of  N. 
flexttosoj  found  at  Lewis  Tunnel.  This  place  has  yielded  a 
much  greater  variety  of  plants  than  any  other  locality  visited 
by  me.  Of  course  this  negative  evidence,  in  the  absence  of 
extended  exploration,  cannot  be  taken  as  excluding  the  former 
presence  of  these  plants  in  the  Vespertine.  Still  it  is  peculiar 
that  with  the  many  hundreds  of  specimens  seen  at  widely  dis- 
tant localities,  none  of  those  plants  noted  above  as  not  seen, 
should  have  been  met  with. 


Art.  XV. — Contributions  from  the  Sheffield  Laboratory  of  Tale 
CoUege,  No.  XLL — On  the  Chemical  composition  of  the  flesh 
of  hippoglossus  Americantis  ;  by  R.  H.  ChittkNDEN. 

The  Hippoglossus  Americanus  of  Gill,  or  halibut  as  the 
fish  is  commonly  called,  is  found  in  the  waters  of  the  Atlantic 
ocean  from  Newfoundland  to  Cape  Hatteras.  The  halibut 
belongs  to  the  class  of  white-blooded  fish,  of  which  the  Mer- 
hngus  vulgaris,  or  whiting,  is  a  typical  representative.  The 
flesh  of  the  halibut  is  of  a  fine  white  color,  quite  delicate  and 
tender,  and  is  highly  valued  for  food,  especially  in  certain 
portions  of  the  United  States. 

A  fresh  sample  obtained  at  the  market  yielded  by  analysis 

No.  1.  No.  2. 

Water 82-85  82*90 

Solids 17-16  17-10 

Ash 1-08  1-08 

Fat 1-21  1-32 

Nitroeen.. 2-02  2-00 

Phosj^oric  acid  (PjO^). . .  -37 
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The  fresh  flesh  of  the  whiting  yielded  Payen* — 

Water 82*96 

Solids 17-05 

Ash 1*08 

Fat -88 

Nitrogen 2 '41 

According  to  Payy  the  flesh  of  the  whiting  which  is  eaten 
so  extensively  in  Eugland,  is  tender,  easily  digested,  and 
highly  nutritious.  A  comparison  of  these  two  analyses  shows 
but  very  little  diflference  in  the  chemical  composition  of  the 
flesh  of  the  halibut  and  whiting. 

The  flesh  of  the  halibut  dried  at  100°  C.  yielded  by  analysis : 

No.  1.  No.  2. 

Carbon 60-30  60-46 

Hydrogen 7-36  7-51 

Nitrogen 11-70  11*66 

Ash 6-32  6-39 

Oxygen 24-32  23-98 

100-00  100-00 

Fat 7-08  7-16 

The  ash  of  the  flesh  gave  by  analysis : 

Silica -32 

Chlorine 11-11 

Carbonic  acid 1-13 

Sulphuric  acid 1-30 

Phosphoric  acid 34-36 

Iron -19 

Lime -16 

Magnesia 2-48 

Potash 87-07 

Soda 12-22 

Lithia trace 


100-28 
The  ash  for  the  analysis  was  obtained  by  carbonizing  a  large 
quantity  of  the  flesh,  then  leaching  this  carbonized  mass  with 
hot  water  to  remove  chlorides.  The  residue  left  undissolved 
by  the  water  was  then  ignited  at  a  higher  temperature  until 
burned  white.  The  aqueous  solution  of  the  chlorides  was  then 
poured  over  the  insoluble  residue  and  the  whole  heated  until 
the  water  was  completely  driven  off.  This  residue  was  ignited 
gently  and  vielded  a  perfectly  white  ash. 

By  a  backward  glance  at  these  analyses  we  see  that  the  food 
value  of  the  flesh  of  the  halibut  is  not  of  a  low  order,  but  com- 
pares favorably  with  the  flesh  of  other  flsh  of  the  same  class. 
*  Compt  Bend.,  xniz,  318. 
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Abt.  XYJ.— Notice  of  Darwin  on  the  EffecU  of  Cross-  and  Self- 
FertUisKition  in  the  Vegetable  Kingdom;^  by  Asa  Gray. 

Mb.  Darwik,  in  the  title  of  his  new  work,  refers  only 
incidentally  to  adaptations  for  cross-fertilization, — a  subject 
which  has"  given  origin  to  a  copious  literature  since  he  opened 
it  anew  in  his  book  on  the  Fertilization  of  Orchids,  in  1862.  A 
new  edition  of  this  latter  book  is  on  the  eve  of  publication  in 
England,  and  we  believe  that  this  author's  scattered  papers  on 
cross-fertilization,  as  secured  by  various  contrivances,  are  about 
to  be  collecte<i,  revised,  and  issued  in  a  book  form.  In  the 
volume  now  before  us,  Mr.  Darwin  deals  with  the  eflfects  of 
cross-  and  self-fertilization,  recounts  at  length  the  experiments 
be  has  devised  and  carried  on,  collects  and  criticises  the  results, 
glances  at  the  means  of  fertilization,  and  the  habits  of  insects  in 
relation  to  it,  and  ends  with  some  theoretical  considerations  or 
inferences  suggested  by  or  deduced  from  the  facts  which  have 
been  brought  to  light 

If  writing  for  the  popular  press,  we  should  be  bound  to  say 
that  this  book  is  not  light  reading.  Three-fourths  of  its  pages 
and  of  the  chapters  are  devoted  to  the  details  of  the  experiments 
and  the  sifting  and  various  presentation  of  the  results ;  and  the 
remainder,  although  abounding  in  curious  facts  and  acute  sug- 
gestions, is  yet  of  a  solid  character.  The  bearings  of  various 
points  upon  what  is  called  **  Darwinism"  are  merely  touched  or 
suggested,  here  and  there,  in  a  manner  more  likely  to  engage  the 
attention  of  the  thoughtful  scientific  than  of  the  general  reader. 

That  cross-fertilization  is  largely  but  not  exclusively  aimed 
at  in  the  vegetable  kingdom,  is  abundantly  evident.  As  Mr. 
Darwin  declares,  "it  is  as  unmistakably  plain  that  innumerable 
flowers  are  adapted  for  cross-fertilization,  as  that  the  teeth  and 
talons  of  a  carnivorous  animal  are  adapted  for  catching  prey,  or 
that  the  plumes,  wings,  and  hooks  of  a  seed  are  adaptea  for  its 
dissemination."  That  the  crossing  is  beneficial,  and  consequently 
the  want  of  it  injurious,  is  a  teleological  inference  from  the 
prevalence  of  the  arrangements  which  promote  or  secure  it,— 
an  inference  the  value  of  which  increases  with  the  number,  the 
variety,  and  the  efiFectiveness  of  the  arrangements  for  which 
no  other  explanation  is  forthcoming.  That  the  good  consisted 
in  a  re-invigoration  of  progeny,  or  the  evil  of  close-breeding 
in  a  deterioration  of  vigor,  was  the  suggestion  first  made  (so 
fer  as  we  know),  or  first  made  prominent,  by  Knight,  from 
whom  Darwin  adopted  it     However  it  be  as  to  animals,  there 

*  The  Effects  of  Orosfl-  and  Self-Fertflizatioii  in  the  Vegetable  Kingdom ;  bj 
Chailks  DARwnr,  M.A.,  F.R.S.,  eto.  London:  Murray.  (New  York :  D.  Appleton 
A  Co.)    12III0,  pp.  482.     1876. 
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was  until  now  no  clear  and  direct  evidence  that  cross-fertiliza- 
tion in  the  vegetable  kingdom  did  re-invigorate.  Indeed,  the 
contrary  might  be  inferred  from  the  long  and  seemingly  indefi- 
nite perpetuation  of  bud-propagating  varieties,  which  have  no 
fertilization  at  all.  But  the  inference  from  this  is  not  as  cogent 
as  would  at  first  appear.  For,  although  bud -propagation  is, 
we  think,  to  be  considered  as  the  extreme  of  close-breeding, 
yet  in  it  the  amount  of  material  contributed  by  parent  to  off- 
spring is  usually  vastly  more  than  in  sexual  reproduction : 
and,  accordingly,  the  diminution  to  an  injurious  degree  of  any 
inherited  quality  or  essence  might  be  correspondingly  remote. 
Yet,  as  sexual  reproduction  may  be  and  often  must  be  much 
closer  in  plants  than  it  can  be  in  most  animals,  the  ill  effects  of 
self-fertilization,  or  the  good  of  cross-fertilization,  might  the 
sooner  be  noticeabla  Mr.  Darwin  arranged  a  course  of  ex- 
periments to  test  this  question,  prosecuted  it  as  to  some  species 
for  eleven  years;  and  the  main  object  of  this  volume  is  to  set 
forth  the  results. 

Ipoinoea  purpurea,  the  common  Morning  Glory  of  our  gardens, 
was  the  leading  subject  The  flowers  of  this  species  self-fertil- 
ize, but  must  also  be  habitually  cross-fertilized,  as  they  are 
visited  freely  by  humble-bees  and  other  insects.  Ten  flowers 
of  a  plant  in  a  greenhouse  were  fertilized  with  their  own  pollen ; 
ten  others  were  crossed  with  pollen  from  a  different  plant  The 
seeds  from  both  were  gather^,  allowed  to  germinate  on  damp 
sand,  and  as  often  as  pairs  germinated  at  the  same  time  the  two 
were  planted  on  opposite  sides  of  the  same  pot,  the  soil  in  which 
was  well  mixed,  so  as  to  be  uniform  in  composition.  "The 
plants  on  the  two  sides  were  always  watered  at  the  same  time 
and  as  equally  as  possible,  and  even  if  this  had  not  been  done 
the  water  would  have  spread  almost  equally  to  both  sides,  as 
the  pots  were  not  larga  The  crossed  and  self-fertilized  plants 
were  separated  by  a  superficial  partition,  which  was  always 
kept  directed  towards  the  chief  source  of  the  light,  so  that  the 
plants  on  both  sides  were  equally  illuminated."  Five  pairs 
were  thus  planted  in  two  pots,  and  all  the  remaining  seeds, 
whether  or  not  in  a  state  of  germination,  were  planted  on  the 
opposite  sides  of  a  third  pot,  so  that  the  plants  were  crowded 
and  exposed  to  a  very  severe  competition.  Rods  of  equal 
diameter  were  given  to  all  the  plants  to  twine  up,  and  as  soon 
as  one  of  each  pair  had  reached  the  summit,  both  were  measured. 
But  a  single  rod  was  furnished  to  each  side  of  the  crowded  pot, 
and  only  the  tallest  plant  on  each  side  was  measured.  This 
was  followed  up,  for  ten  generations ;  the  close  fertilization 
being  always  self-fertilization,  i.  e.,  by  pollen  to  stigma  of  the 
same  flower;  the  crossinsr,  between  maividuals  in  successive 
generations  of  this  same  stock,  except  in  special  instances^ 
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when  an  extraneous  stock  was  used  as  one  parent, — to  eminent 
advantage,  as  will  be  seen. 

The  diflFerence  in  vigor  between  the  cross-bred  and  the  close- 
bred  progeny,  as  measured  by  early  growth,  was  well  marked 
throughout  In  the  mean  of  the  ten  generations  it  was  as  100 
to  77.  In  the  tenth  generation  it  was  100  to  54,  that  is,  five 
cross-bred  plants  grew  to  the  average  height  of  93*7  inches 
while  the  close-br^  were  reaching  the  average  of  504  inches. 
This  was  a  notably  greater  difference  than  in  any  previous 
generation.  But  this  was  probably  accidental  or  anomalous ; 
for  it  was  not  led  up  to  by  successive  steps.  Indeed,  the  differ- 
ence in  the  first  generation  was  a  trifle  greater  than  the  average 
of  all  ten,  being  as  100  to  76.  The  second  generation  was  as 
100  to  79 ;  the  third  as  100  to  68 ;  the  fourth  as  100  to  86 ; 
the  fifth  as  100  to  75 ;  the  sixtli  as  100  to  72 ;  the  seventh  as 
100  to  81;  the  eighth  as  100  to  85;  the  ninth  as  100  to  79; 
the  tenth,  as  already  stated,  100  to  54.  The  general  result  is 
made  striking  in  the  following  illustration. 

**  If  all  the  men  in  a  country  were  on  an  average  six  feet 
high,  and  there  were  some  families  which  had  been  long  and 
closely  inter-bred,  these  would  be  almost  dwarfs,  their  average 
height  during  ten  generations  being  only  four  feet  eight  and 
one-quarter  inches.      (p.  53.) 

It  is  remarkable  that  the  difference  between  the  close-bred 
and  the  cross-bred  individuals  should  have  been  as  great  as  it 
was  in  the  first  generation ;  and,  this  being  the  case,  it  might 
have  been  expected  that  the  difference  would  have  gone  on 
increasing  in  the  succeeding  generations.  If  self-fertilization  is 
injurious,  the  ill  effects  would  be  expected  to  be  cumulative. 
"But,"  instead  of  this,  **the  difference  between  the  two  sets  of 
plants  in  the  seventh,  eighth,  and  ninth  generations  taken  to- 

f  ether  is  less  than  in  the  first  and  second  generations  together." 
[pon  this  Mr.  Darwin  remarks :  "  When,  however,  we  remem- 
ber that  the  self-fertilized  and  crossed  plants  are  all  descended 
from  the  same  mother  plant,  that  many  of  the  crossed  plants 
in  each  generation  were  related,  often  closely  related,  ana  that 
all  were  exposed  to  the  same  conditions,  which,  as  we  shall 
hereafter  find,  is  a  very  important  circumstance,  it  is  not  at  all 
surprising  that  the  difference  between  them  should  have  some- 
what decreased  in  the  later  generationa"    (p.  56.) 

Further  light  was  thrown  upon  these  points  by  two  kinds  of 
subsidiary  experiments.  In  one  case,  the  cross  was  made  be- 
tween two  flowers  of  the  same  plant  of  Ipomoea^  while  other 
flowers  were  self-fertilized  as  before.  On  raising  seedlings  from 
the  two  lots,  it  was  found  that  such  crossing  gave  no  superioritv : 
indeed,  the  offspring  of  the  self-fertilized  flowers  appeared  to  oe 
rather  more  vigorous  than  the  close-crossed.    And  other  experi- 
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ments  led  to  the  same  conclusion,  namely,  that  there  was  no 
particular  benefit  from  cross-fertilization  on  the  same  plant 
In  the  other  case,  the  cross  was  made  not  only  between  the 
flowers  of  distinct  plants,  but  between  those  from  different 
sources,  and  which  had  presumably  grown  under  somewhat 
different  conditions.  For  instance,  several  flowers  of  the  ninth 
generation  of  crossed  plants  of  Ipomoea  were  crossed  with  pollen 
taken  from  the  same  variety,  but  from  a  distant  garden.  The 
resulting  seedlings  showed  the  benefit  of  the  fresh  stock  remark- 
ably, being  as  much  superior  in  vigor  to  those  of  the  tenth 
inter-crossed  generation  as  the  latter  were  to  the  self-fertilized 
plants  of  the  corresponding  generation.  In  height  they  were 
as  100  to  78,  over  the  ordinary  inter-crossed;  and  in  fertility, 
as  100  to  51.  Indeed,  Mr.  Darwin's  main  conclusion  from  all 
his  observations  is,  **  that  the  mere  act  of  crossing  by  itself  does 
no  good.  The  good  depends  on  the  individuals  which  are 
crossed  difiering  slightly  m  constitution,  owing  to  their  progen- 
itors having  been  subjected  during  several  generations  to  slightly 
different  conditions,  or  to  what  we  call  in  our  ignorance  sponta- 
neous variation." 

The  greater  constitutional  vigor  of  the  crossed  plants  of 
Ipomcea  was  manifested  in  other  ways  than  their  rate  or  amount 
of  growth;  they  better  endured  exposure  to  a  low  temperature 
or  sudden  changes  of  teinperature ;  they  blossomed  earlier ;  and 
they  were  more  fertile.  The  difference  in  fertility  varied  greatly 
in  degree  (the  extremes  in  different  experiments  and  in  differ- 
ent generations  being  100  to  99  and  100  to  26),  but  was  always 
sustained.  Also,  **the  impaired  fertility  of  the  self -fertilized 
plants  was  shown  in  another  way,  namely,  by  their  anthers 
being  smaller  than  those  in  the  flowers  on  the  crossed  plants. 
This  was  first  observed  in  the  seventh  generation,  but  may 
have  occurred  earlier.  ....  The  quantity  of  pollen  contained 
in  one  of  the  self-fertilized  was,  as  far  as  could  be  judged  by 
the  eye,  about  half  of  that  contained  in  one  from  a  crossed 
plant.  The  impaired  fertility  of  the  self-fertilized  plants  of  the 
eighth  generation  was  also  shown  in  nnother  manner,  which 
may  often  be  observed  in  hybrids — namely,  by  the  first-formed 
flowers  being  sterile.'* 

Similar  experiments  were  made,  but  not  carried  to  the  same 
extent,  upon  fifty-seven  other  species  of  plants,  belonging  to 
fifty-two  genera,  and  to  thirty  great  natural  families,  the  species 
being  natives  of  various  parts  of  the  world.  The  results — the 
details  and  discussion  of  which  occupy  the  bulk  of  this  volume 
— vary  greatly,  some  plants  making  a  better,  and  others  a  less 
good  showing  for  the  advantage  of  cross-fertUizin^,  and  this 
advantage  manifesting  itself  in  different  ways,  some  in  vigor  or 
amount  of  growth,  some  in  hardiness,  most  in  fertility;  but 
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with  twelve  cases  in  which  the  crossed  plants  show  no  marked 
advantage  over  the  self- fertilized.  There  were,  however,  fifty- 
seven  cases  in  which  the  crossed  exceeded  the  self- fertilized  by 
at  least  five  per  cent,  generally  by  much  more. 

Increase  of  vigor,  as  evinced  in  growth,  appears  generally  to 
be  accompanied  by  increased  fertility ;  but  sometimes  the  good 
of  crossing  was  manifested  only  in  productiveness,  L  e.,  in  a 
larger  amount  of  seed  This  proved  to  be  the  case  in  Esch- 
schoUzia,  in  which — strange  to  say — self-fertilized  plants  of  several 
generations  were  superior  in  size  and  weight  to  intercrossed 
plants,  even  when  the  crossing  was  between  flowers  derived  on 
one  side  from  American,  on  the  other  from  English  seed,  from 
which,  upon  Mr.  Darwin's  view,  the  maximum  benefit  should 
be  gained.  This  instance,  however,  stands  alone.  Yet  it  is 
approached  by  several  others,  in  a  manner  which  might  have 
n^atived  the  general  conclusions  of  the  research,  if  they  had 
been  hastily  gathered  from  a  small  number  of  trials. 

For  example,  in  the  sixth  self-fertilized  generation  otipomoea 
purpurea,  one  of  these  plants  took  the  lead  of  its  competitor, 
Kept  it  almost  to  the  end,  and  was  ultimately  overtopped  only 
by  half  an  inch  on  a  total  height  of  several  leet  To  ascertain 
whether  this  exceptionally  vigorous  plant  would  transmit  its 
power  to  its  seedlings,  several  of  its  flowers  were  fertilized  with 
their  own  pollen,  and  the  seedlings  thus  raised  were  put  into 
competition  with  ordinary  self-fertifized  and  with  inter-crossed 

Elants  of  the  corresponaing  generation.  The  six  children  of 
[ero  (the  name  by  which  this  individual  was  designated),  beat 
the  ordinary  self  fertilized  competitors  at  the  rate  of  100  to  84, 
and  the  inter-crossed  competitors  at  the  rate  of  100  to  95  ;  and 
in  the  next  generation  the  self-fertilized  grand-children  beat 
those  from  a  cross  between  two  of  the  children  at  the  rate  of 
100  to  94.  In  the  next  generation  the  seedlings  were  raised  in 
winter  in  a  hothouse,  became  unhealthy,  and  the  experiment 
terminated  without  marked  result  Moreover  the  remarkable 
vigor  of  growth  in  Hero  and  its  progeny  was  attended  by  some- 
what increased  fertility.  Here,  then,  an  idiosyncracy  arose,  from 
some  utterly  unknown  cause, — ^a  spontaneous  variation  of  con- 
stitution, which  was  transmitted  to  posterity,  and  which  gave 
all  the  benefit  of  cross-fertilization,  and  somewhat  more,  both 
as  to  vigor  and  fertility.  A  similar  idiosyncracy  made  its  ap- 
pearance in  the  third  generation  of  seedlings  of  Mimu'us  luteus. 
Discordant  or  anomalous  facts  like  these  seem  confusing, 
even  though  too  few  to  affect  seriou>ly  the  grand  result  of  the 
numerous  experiments;  but  upon  Darwinian  principles,  in 
which  adaptations  are  ultimate  results,  they  are  to  be  expected, 
as  a  consequence  of  the  general  and  apparently  vague  pro- 
clivity to  vary. 
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In  Foxglove, — the  flowers  of  which  are  naturally  self -sterile 
or  nearly  so,  and  in  which  crossing  gave  a  marked  advantage 
over  self-fertilizing,  both  as  to  growth  and  productiveness, — a 
decided,  though  small  advantage,  appeared  to  come  from  the 
crossing  of  flowers  on  the  same  plant. 

In  UriganuTfi  vulgare^  crosses  were  made  between  different 
plants  of  a  large  clump,  long  cultivated  in  a  kitchen-garden, 
which  had  evidently  spread  from  a  single  root  by  stolons, 
and  which  had  become  in  a  good  degree  sterile,  as  is  usual 
under  such  conditions.  The  crossing  caused  rather  more  seed 
to  form ;  but  the  seedlings  from  the  crossed  did  not  surpass  in 
growth  those  of  the  self -fertilized ;  **  a  cross  of  this  kind  did  no 
more  good  than  crossing  two  flowers  on  the  same  plant  of  Ipo- 
mcea  or  Mimulris.  Turned  into  the  open  ground,  and  both  self- 
and  cross-fertilized  the  following  summer,  and  equal  pairs  of 
the  resulting  seeds  planted  on  opposite  sides  of  two  very  large 
pots,  the  crossed  plants  from  se^  showed  a  clear  superiority 
over  their  self-fertilized  brethren,  at  the  rate  of  100  to  86. 
But  this  excess  of  height  by  no  means  gives  a  fair  idea  of  the 
vast  superiority  in  vigor  of  the  crossed  over  the  self-fertilized 
planta  The  crossed  flowered  first  and  produced  thirty  flower- 
stems,  while  the  self- fertilized  produced  only  fifteen,  or  half  the 
number.  The  pots  were  then  bedded  out,  and  the  roots  prob- 
ably came  out  of  the  holes  at  the  bottom,  and  thus  aided  their 
growth.  Early  in  the  following  summer,  the  superiority  of  the 
crossed  plants,  owing  to  their  increase  by  stolons,  over  the  self- 
fertilized  plants,  was  truly  wonderful  .  .  .  Both  the  crossed 
and  the  self-fertilized  plants  being  left  freely  exposed  to  the 
visits  of  bees,  manifestly  produced  much  more  seed  than  their 
grandparents, — the  plants  of  original  clumps  still  growing  close 
by  in  the  same  garden,  and  equally  left  to  the  action  of  bees." 

These  few  cases  must  here  suffice,  and  they  give  a  fair  gen- 
eral idea  of  the  main  results  reached, — somewhat  qualified, 
however,  by  certain  instances  in  which  little  or  no  benefit  was 
observed.  Let  it  be  remarked  that  while  most  of  the  cases 
show  decided  and  unequivocal  good  from  the  crossing,  none 
of  them  unequivocally  tell  to  the  contrary,  as  the  advantage 
appears  sometimes  in  one  direction,  sometimes  in  another. 
"Thus,  the  crossed  and  self-fertilized  plants  of  Ipomoeay  Papaver^ 
Reseda  odorata,  and  Limnanthes  were  almost  equally  fertile,  yet 
the  former  exceeded  considerably  in  height  the  self-fertilized 
plants.  On  the  other  hand  the  crossed  and  self-fertilized  plants 
of  Mimulus  and  Primula  differed  to  an  extreme  degree  in 
fertility,  but  by  no  means  to  a  corresponding  degree  in  height 
or  vigor." 

We    must    wholly    omit  —  among    many  other   things — 
the  interesting  account  of  self-sterile  plants,   meaning  here 
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not  those  in  which  the  pollen  does  not  reach  the  stigma  un- 
aided, but  those  in  which  it  is  impotent,  or  nearly  so,  when 
applied,  although  eflScient  upon  the  stigma  of  another  indi- 
viauaL  Verbascumj  Passiflora^  Corydalisj  and  many  Orchids 
afford  instances  of  this  sort.  In  these  the  advantage  of  cross- 
fertilization  rises  to  a  necessity.  A  noteworthy  fact  respecting 
them  (of  which  Mr.  Darwin  makes  much)  is,  that  such  self- 
sterility,  or  the  reverse,  is  influenced  by  slight  changes  in  the 
conditions,  such  as  difference  in  temperature,  grafting  on  an- 
other stock,  and  the  lika  In  South  Brazil,  Fritz  Muller  found 
that  for  six  generations  all  his  plants  of  Eachscholtssia  CaUfomica 
were  completely  sterile,  unless  supplied  with  pollen  from  a 
distinct  plant,  when  they  were  completely  fertile.  This  was 
not  the  case  in  English  plants,  which,  when  covered  by  a  net, 
set  a  considerable  number  of  capsules,  the  seeds  of  which,  by 
weight,  were  as  71  to  100  of  those  on  plants  intercrossed  by 
bees.  These  Brazilian  seeds,  sent  to  England,  yielded  plants 
with  moderately  self-fertile  flowers,  and  this  limited  self-fertility 
was  increased  in  two  generations  of  English  growth.  Con- 
versely, seeds  from  English  plants  grown  m  Brazil  were  more 
self  fertile  than  those  reared  in  Brazil  for  several  generations ; 
yet  "one  which  did  not  flower  the  first  year,  and  was  thus 
exposed  for  two  seasons  to  the  climate  of  6razil,  proved  quite 
self-sterile,  like  a  Brazilian  plant,  showing  how  ouickly  the 
climate  had  acted  on  its  sexual  constitution."  Having  ob- 
served that  certain  individuals  of  Mignonette  were  self-sterile, 
Mr.  Darwin  secured  several  such  plants  under  separate  nets, 
and  by  inter-crossinff  these  for  a  few  generations,  obtained 
plants  which  inherited  this  peculiarity,  so  that  "  without  doubt 
a  self-sterile  race  of  Mignonette  could  easily  have  been  estab- 
lished." 

Nine  of  the  twelve  chapters  are  devoted  strictly  to  the  effects 
of  cross  and  self-fertilization.  The  tenth  considers  the  "  means 
of  fertilization."  Cross-fertilization  is  favored  or  ensured  by : 
1,  the  separation  of  the  sexes ;  2,  the  maturity  of  the  male  and 
female  sexual  elements  at  different  periods ;  3,  dimorphism  or 
even  trimorphism ;  4,  various  mechanical  contrivances ;  5,  the 
more  or  less  complete  inefficiency  of  a  flower's  own  pollen  on 
its  stigma,  and  the  prepotency  of  pollen  from  any  other  individ- 
ual over  that  from  the  same  plant.  We  understand  that  Mr. 
Darwin  is  just  now  occupiea  in  revising  and  extending  his 
various  papers  upon  these  topics,  with  a  view  to  their  publica- 
tion in  a  volume.  Here  he  gives  a  list  of  plants  which,  when 
insects  are  excluded,  are  either  quite  sterile  or  produce  less 
than  half  the  number  of  seeds  yielded  by  unprotected  plants. 
This  is  followed  by  a  list  of  plants  which,  when  protected  from 
insects,  are  either  quite  fertile  or  yield  more  than  half  the  num- 
ber of  seeds  produced  by  unprotected  plants. 
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^^  Each  of  these  lists  contains  by  a  mere  accident  the  same  number 
of  genera,  viz.,  forty-nine.  The  genera  in  the  first  list  include 
sixtjr-five  species,  and  those  in  the  second  sixty  species ;  the  Orchi- 
deffi  in  both  being  excladed.  If  the  genera  in  this  latter  order, 
as  well  as  in  the  AsclepiadesB  and  Apoc^nacesB,  had  been  includcNl, 
the  number  of  species  which  are  sterile  if  insects  are  excluded 
would  have  been  greatly  increased ;  but  the  lists  are  confined  to 
species  which  were  actually  experimented  on.  The  results  can  be 
considered  as  only  approximately  accurate,  for  fertility  is  so  vari- 
able a  character,  that  each  species  ought  to  have  been  tried  many 
times.  The  above  number  of  species,  namely,  125,  is  as  nothing 
to  the  hosts  of  living  plants ;  but  the  mere  fact  of  more  than  haff 
of  them  being  sterile  within  the  specified  degree,  when  insects 
are  excluded,  is  a  striking  one;  for  whenever  pollen  has  to  be 
carried  from  the  anthers  to  the  stigma  in  order  to  ensure  full  fer- 
tility, there  is  at  least  a  good  chance  of  cross-fertilization.  I  do 
not,  however,  believe  that  if  all  known  plants  were  tried  in  the 
same  manner,  half  would  be  found  to  be  sterile  within  the  specified 
limits ;  for  many  flowei-s  were  selected  for  experiment  which  pre- 
sented some  remarkable  structure ;  and  such  flowers  often  require 
insect-aid."     (p.  370.) 

It  is  worth  noticing  that  Trifolium  repens  and  T.  pratense  (the 
commou  white  and  red  clovers)  have  a  place  in  the  first  list;  7! 
arvense  and  T.  procumbens  in  the  second.  Darwin  refers  to  Mr. 
Miners  statement  that  "in  the  United  States,  hive-bees  never 
suck  the  red  clover,''  and  says  it  is  the  same  in  England,  ex- 
cept from  the  outside  through  holes  bitten  by  humble-bees ; 
yet  that  H.  Miiller  has  seen  them  visiting  this  plant  in  Ger- 
many, for  the  sake  both  of  pollen  and  nectar,  which  latter  they 
obtained  by  breaking  apart  the  petals.  Darwin  has  not  qual- 
ified his  statement,  long  ago  made,  of  the  complete  sterility  of 
red  clover  protected  from  insects ;  but  Mr.  Meehan  asserts 
that  protected  plants  are  fertile  in  this  country,  without,  how- 
ever, giving  details  or  the  rate  of  fertility.  In  71  arvense,  "the 
excessively  small  flowers  are  incessantly  visited  by  hive  and 
humble-bees;  when  insects  were  excluded  the  nower-heads 
seem  to  produce  as  many  and  as  fine  seeds  as  the  exposed 
heads." 

As  to  cross-fertilization,  "the  most  important  of  all  the  means 
by  which  pollen  is  carried  from  the  anthers  to  the  stigma  of  the 
same  flower,  or  from  flower  to  flower,  are  insects,  belonging  to 
the  orders  of  Hymenoptera,  Lepidoptera,  and  Diptera ;  and  in 
some  parts  of  the  worla,  birds."  In  a  note  the  author  cites  all 
the  cases  known  to  him  of  birds  fertilizing  flowers.  These  are 
chiefly  humming-birds.  "  In  North  America  they  are  said  to 
frequent  the  flowers  of  ImpatieTis  "  (for  which  Gould,  Trochilidaa, 
is  referred  to  as  authority,  and  a  reference  is  given  to  the  Garden- 
ers* Chronicle,  which  we  find  relates  to  something  else  in  South 
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America)  ;  and  this  is  all  coDcerning  the  United  States.  Can 
it  be  that  there  are  no  references  in  print  to  the  most  familiar 
fact  that  our  humming-bird  is  very  fond  of  sucking  the  blos- 
soms of  Trumi)et  Creeper  {Teooma  radicans)  and  of  Honey- 
suckles ?  Both  these  are,  in  size  and  arrangement  of  parts,  well 
adapted  to  be  thus  cross-fertilized. 

Mowers  are  rendered  conspicuous  to  birds  and  still  more  to 
insects,  by  bright  colors.  And  as  "  almost  every  fruit  which 
is  devoured  by  birds  presents  a  strong  contrast  in  color  with 
the  green  foliage,  in  order  that  it  may  be  seen,  and  its  seeds 
disseminated,"  so  the  proportionally  large  size  and  the  bright 
colors  of  the  corolla,  or  in  some  cases  toe  equally  bright  hues 
of  adjoining  parts  of  the  flower,  or  of  the  inflorescence,  are  cor- 
related to  visiting  insects, — have  come  to  pass,  as  Darwin  would 
say,  in  consequence  of  the  visits  of  insects,  through  the  advan- 
tages in  vigor  and  productiveness  gained  by  cross-fei-tilization. 
He  is  ready  to  adopt  even  the  idea  of  Conrad  Sprencel,  which 
seemed  to  be  so  fanciful,  that  marks  and  streaks  on  the  corolla 
serve  as  guides  to  the  nectary :  for,  although  insects  are  well 
able  to  discover  the  nectar  without  the  aid  of  guiding  marks, 
yet  they  are  of  service  by  facilitating  the  search  and  enabling 
insects  to  suck  a  greater  number  of  blossoms  within  a  given 
time,  which  is  tantamount  to  greater  opportunity  for  cross-fer- 
tilization. 

That  odors  attract  insects  is  certain  and  many  flowers  are 
both  conspicuous  and  odoriferous,  while  others  make  up  in 
fragrance  what  they  lack  in  show.  "Nageli  aflBxed  artificial 
flowers  to  branches,  scenting  some  with  essential  oils,  and 
leaving  others  unscented:  and  insects  were  attracted  to  the 
former  in  an  unmistakable  manner." 

"  Of  all  colors  white  is  the  prevailing  one ;  and  of  white  flowers 
a  considerably  larger  proportion  smell  sweetly  than  of  any  other 
color,  namely,  14*6  per  cent;  of  red,  only  8*2  per  cent  are  odorif- 
erous. The  fact  of  a  larger  proportion  of  white  flowers  smelling 
sweetly  may  depend  in  part  on  those  which  are  fertilized  by 
moths  requiring  the  double  aid  of  conspicuousness  in  the  dusk 
and  of  odor.  &>  great  is  the  economy  of  nature,  that  most  flowers 
which  are  fertiliz^  by  crepuscular  or  nocturnal  insects  emit  their 
odor  chiefly  or  exclusively  in  the  evening.  Some  flowers,  how- 
ever, which  are  highly  odoriferous  depend  solely  on  this  quality 
for  their  fertilization,  such  as  the  night-flowering  stock  (Hesperis) 
and  some  species  of  Daphne ;  and  these  present  the  rare  case  of 
flowers  whicn  are  fertilized  by  insects  being  obscurely  colored." 

*'  The  shape  of  the  nectary  and  of  the  adjoining  parts  are  like- 
wise related  to  the  particular  kinds  of  insects  which  habitually 
visit  the  flowers;  this  has  been  well  shown  by  H.  MUller  by  his 
comparison  of  lowland  species,  which  are  chiefly  visited  by  bees, 
with  Alpine  species  belonging  to  the  same  genera,  which  are 
Tinted  by  butterflies.'* 
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"Pollen  contains  much  nitrogen  and  phospboms — ^the  two  most 
precions  of  all  the  elements  for  the  growth  of  plants — but  in  the 
case  of  most  open  flowers,  a  large  quantity  of  pollen  is  consumed 
by  pollen-devouring  insects,  and  a  large  quantity  is  destroyed 
during  long-continued  rain.  With  many  plants  this  latter  evil  is 
guarded  against,  as  far  as  is  possible,  by  the  anthers  opening  only 
during  dry  weather,  by  the  position  and  form  of  some  or  all  of 
the  petals*  by  the  presence  of  haira,  etc. ;  also,  as  Kemer  has 
shown  in  his  interesting  essay,  by  the  movements  of  the  petals  or 
of  the  whole  flower  during  cold  and  wet  weather.  In  order  to 
compensate  the  loss  of  pollen  in  so  many  ways,  the  anthers  pro- 
duce a  far  larger  amount  than  is  necessary  for  the  fertilization  of 
the  same  flower.  I  know  this  from  my  own  experiments  on 
Ipomoea,  given  in  the  Introduction ;  and  it  is  still  more  plainly 
snown  by  the  astonishingly  small  (Quantity  produced  by  cleisto- 
gene  flowers,  which  lose  none  of  their  pollen,  in  comparison  with 
that  produced  by  the  open  flowers  borne  by  the  same  plants ;  and 
yet  this  small  quantity  sufllices  for  the  fertilization  of  all  their 
numerous  seeds.  Mr.  Hassall  took  pains  in  estimating  the  num- 
ber of  pollen-grains  produced  by  a  flower  of  the  Dandelion,  and 
found  the  number  to  be  243,600,  and  in  a  Paeony  3,654,000  grains. 
The  editor  of  the  '  Botanical  Register '  counted  the  ovules  in  the 
flowers  of  Wisteria  sinensis^  and  carefully  estimated  the  number 
of  pollen-grains,  and  he  found  that  for  each  ovule  there  were  7,000 
grains."     (pp.  376,  377.) 

Thene  are  probably  fair  averages  of  the  numerical  ratio  of 
pollen  to  ovules  in  flowers  which  are  adapted  to  be  fertilized 
by  insect  agency.  Their  meaning  in  "  the  economy  of  nature  " 
is  seen  by  a  comparison  on  the  one  hand  with  anemophilousy 
L  e.,  wind-fertilized,  flowers,  in  most  of  which  there  is  a  vastly 
greater  disproportion  between  the  numbers — compensating  for 
inevitable  waste — and  on  the  other  with  cleistogenoua  flowers, 
namely  those  small  and  less  developed  blossoms  which  some 
plants  produce  in  addition  to  the  ordinary  sort,  and  which  fer- 
tilize as  it  were  in  the  bud,  necessarily  by  their  own  pollen. 
Here  is  no  waste,  and  accordingly  the  anthers  are  very  small, 
and  the  pollen-grains  not  many  times  more  than  the  ovules : 
also  such  flowers  are  never  brightly  colored,  never  odoriferous, 
and  they  never  secrete  nectar. 

The  only  advantages  of  this  close-fertilization  which  we  can 
think  of  are  sureness  and  strict  likeness ;  both  of  which  are 
quite  as  well  secured  by  budding-reproduction.  Now,  as 
(ueistogene  flowers  are  borne,  we  believe,  chiefly  and  perhaps 
only,  by  species  whose  normal  blossoms  are  adapted  for  insect- 
fertilization,  they  must  be  regarded  as  a  subsidiary  arrange- 
ment, a  safeguard  against  fauure  of  proper  insect-visitation. 
As  the  volume  before  us  amply  shows,  this  failure  is  in  general 
provided  for  by  a  more  or  less  wide  margin  of  self-fertilization 
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in  the  very  flowers  which  are  adapted  for  crossing.  In  Impa- 
tienSy  Viola,  and  the  like,  it  is  provided  for  by  separate  flowers, 
the  special  adaptations  of  which  are  unmistaKabla 

H.  Miiller  appears  to  have  shown  "  that  large  and  conspicu- 
ous flowers  are  visited  much  more  frequently  and  by  many 
more  kinds  of  insects  than  are  small  inconspicuous  flowers. 
He  further  remarks  that  the  flowers  which  are  rarely  visited 
must  be  capable  of  self-fertilization,  otherwise  they  would 
Quickly  become  extinct."  Mr.  Darwin's  list  seems  to  show 
that,  as  a  rule,  they  are  so ;  yet  many  very  small  flowers,  like 
those  of  Trifolium  arvense,  and  small  and  dingy  ones,  like 
those  of  Asparagus,  are  freely  visited  by  bees ;  and,  conversely, 
many  large  and  conspicuous  flowers  which  are  frequented  by 
insects  are  none  the  less  self-fertilizable.  Throughout  we  find 
that  such  things  do  not  conform  to  arbitrary  or  fixed  rules ; 
and  this  favors  the  idea  that  the  diflerences  have  been  acquired. 
Mr.  Darwin  conjectures  that  the  self-fertilizing  capabilities  of 
many  small  and  inconspicuous  flowers  may  be  comparatively 
recent  acquisitions,  on  the  ground  that,  if  they  were  not  occa- 
sionally intercrossed,  and  did  not  profit  by  the  process,  all  their 
flowers  would  have  become  cleistocenous,  "as  they  would 
thus  have  been  largely  benefited  by  having  to  produce  only  a 
small  quantity  of  safely  protected  pollen." 

Mr.  Darwin's  experiments  tending  to  prove  that  cross-fertili- 
zation between  flowers  on  the  same  plant  is  of  little  or  no  use, 
he  is  naturally  led  to  consider  the  means  which  favor  or  en- 
sure their  fertilization  with  pollen  from  a  distinct  plant  This 
must  needs  take  place  with  dioecious  plants,  and  is  likely  to 
occur  with  the  monoecious,  and  is  in  some  cases  secured  (as  in 
Walnut  and  Hazelnut)  by  some  trees  being  proterandrous  and 
others  proterogynous,  so  that  they  will  reciprocally  fertilize 
each  otner.  In  onlinary  hermaphrodite  species  the  expansion 
of  only  a  few  blossoms  at  a  tinrie  greatly  favors  the  intercross- 
ing of  distinct  individuals,  although,  in  the  case  of  small 
flowers  it  is  attended  with  the  disadvantage  of  rendering  the 
plants  less  conspicuous  to  insects.  Our  common  Sundews  fur- 
nish a  good  illustration  of  this.  They  abound  wherever  they 
occur,  and  are  for  a  long  while  in  blossom,  but  each  plant  or 
spike  opens  but  one  flower  at  a  time.  The  fact  of  bees  visit- 
ing the  flowers  of  the  same  species  as  long  as  they  can,  instead 
of  promiscuously  feeding  from  the  various  blossoms  nearest 
within  reach,  greatly  favors  such  intercrossing.  So  does  the 
remarkable  number  of  flowers  which  bees  are  able  to  visit  in  a 
short  time  (of  which  mention  will  be  made),  and  the  fact  that 
they  are  unable  to  perceive  without  entering  a  flower  whether 
other  bees  haye  exhausted  the  nectar.  Then  dichogamy  (the 
maturation  of  one  sex  in  a  hermaphrodite  flower  earlier  than 
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the  other)  is  so  prevalent  that  it  may  almost  be  regarded  as  the 
rule;  and  this  ensures  such  crossing  between  few-flowered 
plants,  and  greatly  favors  it  in  the  case  of  spikes,  racemes,  and 
the  like.  For,  proterandry  being  the  commonest  arrangement, 
so  that  the  younger  flowers  act  as*  male,  and  the  older  as  female, 
and  bees  habitually  alighting  at  the  bottom  and  proceeding 
upward,  they  carry  the  pollen  from  the  upper  and  younger 
flowers  to  stigmas  of  the  lower  and  older  flowers  of  the  next 
spike,  and  so  on,  Heterogonism  (see  this  Journal  for  Deceni- 
ber,  p.  82),  which  is  less  common,  operates  precisely  like  com- 
plete dioecious  separation  of  the  sexes  in  this  respect,  and  with 
the  advantage  that  all  the  individuals  are  seed-bearing.  Most 
of  the  specif  arrangements  peculiar  to  certain  families,  such  as 
Orchids,  or  to  plants — such  as  Posoqueria^  with  its  wondrous 
mechanism  for  quickly  stopping  out  access  to  the  stigma  when 
the  pollen  is  violently  discharged  upon  some  insect,  but  opening 
the  orifice  the  next  day — are  of  a  kind  to  favor  the  crossing  of 
distinct  plants.  Piepotency  of  other  pollen,  which  may  accom- 
pany the  other  arrangements  or  exist  independently,  acts  largely 
and  powerfully  toward  the  same  end.  Our  author  investigates 
this  at  some  length  :  we  cite  for  illustration  a  single  but  a  strong 
case.  The  stigmas  of  a  long-styled  Cowslip  were  supplied  wim 
pollen  from  the  same  plant,  and  again,  after  twenty-four  hours, 
with  pollen  of  a  short-styled,  dark-red  Polyanthus,  a  variety  of 
the  same  species:  from  the  resulting  seeds  twenty  seedlings 
were  raised,  and  all  of  them  bore  reddish  flowers  ;  so  that  the 
eflect  of  the  plant's  own  pollen,  though  placed  on  the  stigmas 
twenty-four  hours  previously,  was  destroyed  by  that  of  the  red 
variety.  The  same  thing  is  shown  by  the  impossibility  in 
many  cases  of  raising  two  varieties  of  the  same  species  pure  if 
they  grow  near  each  other.  **  No  one  who  has  had  any  experi- 
ence would  expect  to  obtain  pure  cabbage-seed,  for  instance,  if 
a  plant  of  another  variety  grew  within  200  or  800  yards." 
And  a  veteran  cultivator  once  had  his  whole  stock  of  seeds 
seriously  bastardized  by  some  plants  of  purple  Kale  which 
flowerea  in  a  cottager's  garden  half  a  mile  away.  Mr.  Gordon 
records  a  case  of  the  crossing  between  Primroses  and  Cowslips 
through  pollen  carried  by  bees  over  more  than  two  kilometers, 
or  an  English  mile  and  a  quarter. 

We  must  copy  the  close  of  this  section — long  though  it  be — 
because  of  its  capital  illustration  of  the  topic  in  hand,  and  for 
the  teleological  lesson  which  it  teachas. 

**  The  case  of  a  great  tree  covered  with  innumerable  hermaph- 
rodite flowers,  seems  at  first  sight  strongly  oppKOsed  to  the  be- 
lief in  the  frequency  of  intercrosses  between  distinct  individuals. 
The  flowers  which  grow  on  the  opposite  sides  of  such  a  tree  will 
have  been  exposed  to  somewhat  different  conditions,  and  a  cross 
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between  them  may  perhaps  be  in  some  degree  beneficial ;  but  it  is 
not  probable  that  it  would  be  nearly  so  beneficial  as  a  cross  be- 
tween flowers  on  distinct  trees,  as  we  may  infer  from  the  ineffi- 
ciency of  pollen  taken  from  plants  which  have  been  propagated 
from  the  same  stock,  though  growing  on  separate  roots.  The 
number  of  bees  which  frequent  certain  kinds  of  trees  when  in  full 
flower  is  very  great,  and  they  may  be  seen  flying  from  tree  to 
tree  more  frequently  than  might  have  been  expected.  Neverthe- 
less, if  we  consider  how  numerous  are  the  flowers,  for  instance,  on 
a  Horse-chestnut  or  Lime-tree,  an  incomparably  larger  number  of 
flowers  most  be  fertilized  by  pollen  brought  from  other  flowers  on 
the  same  tree,  than  from  flowers  on  a  distinct  tree.  But  we 
should  bear  in  mind  that  with  the  Horse-chestnut,  for  instance, 
only  one  or  two  of  the  several  flowers  on  the  same  peduncle  pro- 
duce a  seed ;  and  that  this  seed  is  the  product  of  only  one  out  of 
several  ovules  within  the  same  ovarium.  Now  we  know  from  the 
experiments  of  Herbert  and  others  that  if  one  flower  is  fertilized 
with  pollen  which  is  more  efficient  than  that  applied  to  the  other 
flowers  on  the  same  peduncle,  the  latter  oflen  drop  off;  and  it  is 
probable  that  this  would  occur  with  many  of  the  self-fertilized 
flowers  on  a  large  tree,  if  other  and  adjoining  flowers  were  cross- 
fertilized.  Of  the  flowers  annually  produced  by  a  great  tree,  it 
is  almost  certain  that  a  large  number  would  De  self-fertilized ; 
and  if  we  assume  that  the  tree  produced  only  500  flowers,  and 
that  this  number  of  seeds  were  requisite  to  keep  up  the  stock,  so 
that  at  least  one  seedling  should  hereafter  struggle  to  maturity, 
then  a  large  proportion  of  the  seedlings  would  necessarily  be  de- 
rived fTX)m  self-fertilized  seeds.  But  if  the  tree  annually  produced 
50,000  flowers,  of  which  the  self-fertilized  dropped  off  without 
yielding  seeds,  then  the  cross-fertilized  flowers  might  yield  seeds 
m  sufficient  number  to  keep  up  the  stock,  and  most  of  the  seed- 
lings would  be  vigorous  from  being  the  product  of  a  cross 
between  distinct  individuals.  In  this  manner  the  production  of  a 
vast  number  of  flowers,  besides  serving  to  entice  numerous  insects 
and  to  compensate  for  the  accidental  destruction  of  many  flowers 
by  spring-frosts  or  otherwise,  would  be  a  very  great  advantage 
to  tne  species;  and  when  we  behold  our  orchard-trees  covered 
with  a  white  sheet  of  bloom  in  the  spring,  we  should  not  falsely 
accuse  Nature  of  wasteful  expenditure,  though  comparatively 
little  fruit  is  produced  in  the;  autumn.'' 

The  Horse-chestnut  is  not  altogether  a  well-chosen  example, 
for  in  it,  as  in  our  Buckeyes,  a  very  large  proportion  of  the 
flowers  in  the  thyrsus  are  usually  male,  with  barely  a  vestige  of 
pistil.  These  serve,  however,  to  increase  the  show,  in  the  man- 
ner here  illustrated,  as  well  as  to  furnish  abundance  of  pollen. 

The  section  on  anemophilous  (wind-fertilized)  plants, — their 
interest  as  survivals  of  the  earlier  phsenogamic  vegetation, — 
the  speculation  as  to  how,  when  flying  insects  came  to  prevail, 
an  anemophilous  plant  may  have  been  rendered  entomophi- 
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lous, — ^how  pollen,  being  a  most  nutritious  sub^ance,  would 
soon  have  been  discovered  and  devoured  by  insects,  and  bj 
adhering  to  their  bodies  be  carried  from  anthers  to  stigma  and 
from  one  flower  to  another, — how  a  waste  secretion,  such  as 
honey-dew  or  clandular  exudations,  maj^  have  been  developed 
into  nectar  ana  utilized  as  a  lure, — the  interesting  illustrations 
of  the  vast  amount  of  pollen  produced  by  anemophilous  plants, 
and  the  great  distances  to  which  their  light  pollen  is  often 
carried  by  the  wind, — all  these  inviting  topics  we  must  now 
pass  by. 

In  passing  we  note  the  remark  that  •*  the  excretion  of  a  sweet 
liquid  by  glands  seated  outside  of  a  flower  is  rarely  utilized  as 
a  means  of  cross-fertilizatioti  by  the  aid  of  insects ;"  and  the 
sole  exception  alluded  to  is  that  of  the  bracts  of  MarcgraviaceoB. 
But  a  parallel  case  is  afforded  by  many  species  of  Aupfiorbia^ 
and  notably  in  a  striking  species  cultivated  in  conservatories, 
under  the  name  of  PoinseUva.  Here  the  attraction  to  the  eye  is 
supplied  by  the  intense  red  coloration  of  ordinary  leaves  placed 
next  to  the  inflorescence,  and  that  to  the  palate  or  tongue  (if 
either  term  may  be  allowed),  by  a  large  cup-shaped  gland  on 
the  side  of  the  involucre,  which  contains  or  surrounds  the 

•  naked  and  greatly  simplified  flowers  of  both  sexes. 

That  anemophilous  plants  are  prevailingly  diclinous  (either 

*  monoecious  or  dioecious)  is  speculatively  connected  with  their 
antiquity ;  that  they  are  very  largely  trees  or  shrubs  is  because 
"  the  long  life  of  a  tree  or  bush  permits  of  the  separation  of  the 
sexes  witn  much  less  risk  of  evil  from  impr^nation occasionally 
idling,  and  seeds  not  being  produced,  than  m  the  case  of  short- 
lived plants.  Hence  it  probably  is,  as  Lecoq  has  retoarked, 
that  annual  plants  are  rarely  dioecioua"  The  number  6t 
anemophilous  species  is  comparatively  small,  but  that  of  indi- 
viduals of  the  species  strikingly  large,  so  that  they  form  of 
themselves,  in  cold  and  temperate  regions,  where  plant-fertiliz^ 
ing  insects  are  fewer,  either  vast  forests,  as  of  Coniferae,  birches, 
beeches,  etc.,  or  meadows,  and  glades,  as  of  grasses,  sedges,  and 
tushes.  Beinff  thus  either  necessarily  or  prevailingly  cross- 
fertilizable  and  gregarious,  it  is  not  wonderful  that  they  should 
hold  their  own  unchanged  in  various  parts  of  the  world.  Still 
their  advantage  is  gained  at  the  expense  of  the  production  of 
an  enormous  superfluity  of  pollen,  a  costly  product ;  and,  when 
dioecious,  half  the  individuals  produce  no  seed.  Hermaphro- 
ditism with  dichogamy,  or  some  equivalent,  and  transportation 
by  an  appeal  to  the  senses  and  appetites  oJE  insects,  secures  all 
the  advantages  with  least  expenditure.  The  earliest  fertiliza- 
tion in  plants  took  place  by  the  locomotion  of  the  fertilizing  or 
even  of  the  fertilized  material,  in  manner  of  most  of  the  Algm: 
mainly  losing  this  as  vegetation  became  terrestrial,  the  transpor* 
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tation  was  committed  to  the  winds,  and  finally  in  the  higher 
plants  more  economically  consigned  to  insects. 

The  eleventh  chapter,  on  the  habits  of  insects  in  relation  to 
the  fertilization  of  flowers,  is  one  of  the  interesting  and  readable, 
although  the  shortest  It  appears  that  the  prince  of  naturalists, 
Aristotle,  had  observed  more  than  2000  years  ago  that  the  hive- 
bee  visited  the  flowers  of  the  same  species  as  long  an  possible 
before  going  to  a  different  species.  This  holds  true  of  all  kinds 
of  bees  ana  certain  other  insects,  generally,  but  not  absolutely. 
Although,  as  Lubbock  has  recently  proved,  bees  are  much 
guided  by  c^olor,  yet  they  hold  to  the  practice  just  mentioned 
in  spite  of  difference  in  tnis  respect,  being  botanists  enough  to 
know  that  color  is  not  a  good  specific  character.  Mr.  Darwin 
has  repeatedly  seen  humble-bees  flying  straight  from  a  red 
Fraxinella  to  a  white  variety,  from  one  Larkspur  to  a  different 
colored  variety,  and  the  same  as  to  Primroses  and  Pansies. 
But  two  species  of  Poppy  were  by  some  bee  treated  as  one; 
and  H.  Miiller  traced  hive-bees  from  blue  hyacinths  to  blue 
violets.  On  the  other  hand,  Darwin's  bees  fly  straight  from 
clump  to  clump  of  a  yellow  (Enothera  without  turning.an  inch 
from  their  course  to  Eschscholtzias  with  yellow  flowers  which 
abound  on  either  side.  This  constancy  to  speiJies,  however,  is 
manifested  only  when  their  flowers  abound ;  a  fact  which  may 
have  led  Mr.  Darwin  to  his  explanation  of  the  reason  of  it 

"  The  cause  probably  lies  in  insects  being  thus  enabled  to  work 
quicker ;  they  have  just  learnt  how  to  stand  in  the  best  position 
on  the  flower,  and  how  far  and  in  what  direction  to  insert  their 
proboscides.*  They  act  on  the  same  principle  as  does  an  artificer 
who  has  to  make  half-a-dozen  engines,  and  who  saves  time  by 
making  consecutively  each  wheel  and  part  for  all  of  them. 
Insects,  or  at  least  bees,  seem  much  influenced  by  habit  in  all  their 
manifold  operations;  and  we  shall  presently  see  that  this  holds, 
good  in  their  felonious  practice  ot  biting  holes  through  the 
corolla."     (p.  420.) 

As  to  this  latter  practice  — 

"The  motive  which  impels  bees  to  gnaw  boles  through  the 
corolla  seems  to  be  the  saving  of  time,  for  they  lose  much  time  in 
climbing  into  and  out  of  large  flowers,  and  in  forcing  their  heads 
into  closed  ones.  They  were  able  to  visit  nearly  twice  as  many 
flowers,  as  far  as  I  could  judge,  of  a  Stachys  and  Pe^ttsteinon  by 
alighting  on  the  upper  surface  of  the  corolla  and  sucking  through 
the  cut  holes,  than  by  entering  in  the  proper  way.  Nevertheless 
each  bee  before  it  has  had  much  practice,  must  lose  some  time  in 
making  each  new  perforation,  especially  when  the  perforation  has 
to  be  made  through  both  calyx  and  corolla.  This  action  therefore 
implies  foresight,  of  which  faculty  we  have  abundant  evidence  in 
«  H.  MtUlfir  had  oome  to  the  ume  oonduiion. 
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their  building  operations ;  and  may  we  not  fiirther  believe  that 
some  trace  of  their  social  instinct,  that  is,  of  working  for  the 
good  of  other  members  of  the  community,  may  here  likewise  play 
a  part  ?  Many  years  ago  I  was  struck  with  the  fact  that  humble- 
bees  as  a  general  rule  perforate  flowers  only  when  these  grow  in 
large  numbers  near  together,"  etc.,  etc.     (p.  433.) 

It  appears  that  the  cutting  of  these  holes  is  done  only  by 
humble-bees,  never  by  hive-bees.  Yet  the  latter  are  quick  to 
take  advantage  of  them. 

"  In  the  early  part  of  the  summer  of  1857  I  was  led  to  observe 
during  some  weeks  several  rows  of  the  scarlet  kidney-bean  {P/iase- 
olus  muWflorus)^  whilst  attending  to  the  fertilization  of  this  plant, 
and  daily  saw  humble-  and  hive-bees  sucking  at  the  mouths  of  the 
flowers.  But  one  day  I  found  several  humble-bees  employed  in 
cutting  holes  in  flower  after  flower;  and  on  the  next  day  every 
single  hive-bee,  without  exception,  instead  of  alighting  on  the 
left  wing-petal  and  sucking  the  flower  in  the  proper  manner,  flew 
straight  without  the  least  hesitation  to  the  caiyx,  and  sucked 
through  the  holes  which  had  been  made  only  the  day  before  by 
the  humble-bees;  and  they  continued  this  habit  for  many  follow- 
ing days.  Mr.  Belt  has  communicated  to  me  (July  28th,  1874)  a 
similar  case,  with  the  sole  difference  that  less  than  half  of  the 
flowers  had  been  perforated  by  the  humble-bees;  nevertheless,  all 
the  hive-bees  gave  up  sucking  at  the  mouths  of  the  flowers  and 
visited  exclusively  the  bitten  ones.  Now  how  did  the  hive-bees 
find  out  so  quickly  that  holes  had  been  made  ?  Instinct  seems  to 
be  out  of  the  question,  as  the  plant  is  an  exotic.  The  holes  can- 
not be  seen  by  bees  whilst  standing  on  the  wing -petals,  where 
they  had  always  previously  alighted.  From  the  ease  with  which 
bees  were  deceived  when  the  petals  of  Lobelia  Erinxts  were  cut 
off,  it  was  clear  that  in  this  case  they  were  not  guided  to  the  nec- 
tar by  its  smell;  and  it  may  be  doubted  whether  they  were 
attracted  to  the  holes  in  the  flowers  of  the  Phaseolus  by  the  odor 
emitted  from  them.  Did  they  perceive  the  holes  by  the  sense  of 
touch  in  their  proboscides,  whilst  sucking  the  flowers  in  the  proper 
manner,  and  then  reason  that  it  would  save  them  time  to  alight 
on  the  outside  of  the  flowera  and  use  the  holes?  This  seems 
almost  too  abstruse  an  act  of  reason  for  bees;  and  it  is  more 
probable  that  they  saw  the  humble-bees  at  work,  and  understand- 
ing what  they  were  about,  imitated  them  and  took  advantage 
of  the  shorter  path  to  the  nectar.  Even  with  animals  high  in  the 
scale,  such  as  monkeys,  we  should  be  surprised  at  hearing  that  all 
the  individuals  of  one  species  within  the  space  of  twenty-four 
hours  understood  an  act  performed  by  a  mstinct  species,  and 
profited  by  it"  (pp.  430,  431.) 

But  we  must  cut  short  our  citations  and  remarks;  passing  by 
one  of  the  most  important  points,  relative  to  the  amount  of 
fertilizing  work  done  by  insects,  namely,  the  evidence  of  the 
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extraordinary  industry  of  bees  and  the  number  of  flowers 
visited  within  a  short  time ;  which,  as  well  as  the  distance  to 
which  pollen  is  sometimes  transported,  is  far  greater  than  one 
would  have  supposed.  But  the  volume  is  reprinting  by  the 
Appletons,  and  will  soon  be  within  the  reach  of  all, — along 
witn  a  new  edition  of  the  orchid-fertilization  book,  the  proper 
supplement  to  the  present  work,  relating  as  it  does  to  the 
class  of  plants  in  which  the  adaptation  for  fertilization  by 
insects  is  carried  to  the  highest  degree  of  specialization  and 
perfection. 


Art.  XVTL — Note  on  Microdiscus  speciosus  ;  by  S.  W.  FoBD. 

In  my  original  description  of  this  interesting  Trilobite  (this 
Journal,  August,  1873)  it  is  stated  that  the  thorax  is  composed 
of  four  equal  segments.  The  description,  in  so  far  as  relates  to 
this  part  of  the  animal  organization,  was  drawn  up  from  the 
study  of  a  single  specimen,  showing  the  head,  thorax  and 
pygidium  in  nearly  their  natural  positions,  and  apparently  offer- 
ing decisive  testimony  as  to  the  true  number  of  body-rings. 
Somewhat  nxjore  than  a  year  ago,  however,  I  obtained  from  the 
Troy  beds  another  specimen,  of  almost  precisely  the  same 
dimensions,  showing  clearly  but  three  segments  in  the  thorax ; 
and,  subsequently,  a  much  larger  specimen  showing  the  same 
number.  This  led  me  to  re-examine,  more  critically,  the  speci- 
men employed  in  the  original  description,  when  it  was  found 
that  the  head  had  slipped  slightly  forward,  and  that  what  I  had 
regarded  as  the  first  pleura  (all  of  the  pleurae  of  one  side,  as 
well  as  one-half  of  the  head,  being  enveloped  in  the  matrix)  was 
a  fragment  of  some  foreign  body  that  had  fallen  into  the  gap 
thus  made.  The  deception,  in  the  first  instance,  was  rendered 
all  the  more  complete  from  the  fact  that,  by  the  displacement 
of  the  head  alluded  to,  the  articular  fold  of  the  first  body-ring, 
which  is  ordinarily  wholly  hidden  from  view  by  the  backward 
prolongation  of  the  glabella,  was  exposed,  thus  making  a  very 
good  case  for  a  fourth  segment  I  now  consider  it  certain  that 
this  species  has  never  more  than  three  body-rings.  I  have  in 
my  collection  a  small  rolled-up  specimen  showing  the  extremi- 
ties of  but  two  body-segments,  and  I  was  at  first  led  to  think  it 
possible  that  we  had  in  this  species  an  example  of  the  meta- 
morphoses of  Trilobites,  concerning  which  Barrande  has  taught 
us  so  much.  But  as  I  have  observed  since  this  specimen  was 
obtained,  an  individual  of  even  smaller  size,  witn  three  per- 
fectly formed  body-segments,  this  notion  is  without  foundation 
at  the  present  tima     I  should  here  also  add  that  the  last  body- 
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ring  is  not,  as  I  originally  believed  it  to  be,  firmly  soldered  to 
the  pjgidium. 

It  Ls  a  remarkable  fact  that,  under  each  of  the  four  trilobitic 
genera  represented  in  the  Troy  Primordial,  viz.,  Olmellus,  Cotio- 
coryphej  AJicrodiscus  and  Agnostus^  there  should  be  found,  in  this 
fauna,  a  species  aflFording  an  example  of  a  well-marked  depart- 
ure from  the  usual  structure  of  the  genus  to  which  it  belongs. 
•Thus  Microdiscus  spedosus  has  but  three  body-rings,  as  already 
stated,  while  all  the  other  described  species  of  the  genus  whose 
thorax  is  known  have  four;  Agnosius  nobilis  has  but  one  body- 
ring,  while  nearly  all  of  the  other  species  have  two ;  Qmocoryphe 
irilineata,  with  its  singularly- cleft  caudal  margin  stands  widely 
apart  from  all  the  other  certainly  known  species  of  the  genus; 
while  Olenellus  asaphoides^  unlike  the  other  described  species  in 
which  the  thorax  nas  been  observed,  has  none  of  its  anterior 

fileurse  extravagantly  prolonged  as  compared  with  the  others, 
n  this  respect  this  latter  species,  as  Barrande  has  already  indi- 
cated, sustains  the  same  relation  to  the  Vermont  forms  of  the 
genus  as  do  the  Swedish  Paradoxides  to  their  Bohemian  allies. 
Noyember  20th,  1876. 


Abt.  XVUL — On  Water  Courses  upon  Long  Island;  by  Elias 

Lewis,  Jr. 

It  has  been  estimated  that  of  the  forty-two  inches  of  average 
annual  rainfall  upon  Long  Island  more  than  three-fourths  sinks 
directly  into  the  porous  soil  The  excess  which  occurs  when 
the  fall  is  unusually  heavy,  or  the  surface  frozen,  makes  its 
way  into  the  innumerable  valleys  which  traverse  its  surface. 
These  valleys  may  therefore  be  considered  as  lines  of  surface 
drainage,  the  principal  of  which  have  their  source  on  the 
high  grounds  near  the  center  of  the  island,  whence  a  portion  of 
them  extend  northward  toward  Long  Island  Sound,  others 
southward  to  the  bay  or  ocean. 

On  the  north  side  of  the  island,  of  which  we  shall  first  sp^k, 
many  small  lateral  valleys  open  into  the  larger  ones,  cutting 
the  surface  into  a  series  of  valleys  and  hills,  forming  a  land- 
scape exceedingly  beautiful  and  picturesque. 

The  high  grounds  referred  to  comprise  a  range  of  hills  which 
extend  more  than  sixty  miles  in  a  airection  parallel  with  that 
of  the  island,  and  which  vary  from  150  to  884  feet  in  height 
This  range  is  called,  absurdly  enough,  the  backbone  of  the 
island.  It  consists,  however,  of  glacial  drift,  with  boulders,  many 
of  immense  size,  but  is  wholly  without  rock  in  place.  It  is 
upon  this  range,  quite  at  the  top  in  many  instances,  that  the 


Digitized  by  VjOOQIC 


£  LevrU^-  Water  Courses  on  Long  Island.  14i 

principal  water  courses  have  their  source.  From  these  eleva- 
tions they  extend  as  broad  deep  valleys,  well  cultivated  or 
wooded,  rarely  presenting  evidence  of  recent  erosion. 

An  inquiry  is  suggested,  how  and  when  were  they  formed  ? 
The  surface  waste  of  water  from  the  present  volume  of  rainfall 
seems  wholly  inadequate  to  produce  them.  Much  of  this  perco- 
lates the  soil  after  reaching  the  valleys,  and  in  many  instances 
the  bottom  of  the  valleys,  which  is  usually  of  gravels  and  sand, 
is  covered  deeply  by  an  accumulation  of  sedimentary  matter 
because  the  flow  of  water  through  them  has  not  been  sufficient 
to  maintain  them  at  their  original  depth.  In  the  great  water- 
course which  opens  at  Glen  Cove  there  occurs,  three  miles  south- 
ward from  its  termination,  a  deposit  of  fine  clay  six  feet  or 
more  in  thickness,  and  thirty  feet  below  accumulated  sediment 
in  the  valley.  The  fact  that  such  deposits  occur  in  the  old 
water  courses  suggests,  we  think,  feeble  energy  of  erosion,  and 
points  to  a  time  wnen  it  was  more  active  than  now. 

The  formation  and  maintenance  of  a  valley  implies  that  the 
material  which  filled  it,  or  which  might  have  fiUea  it,  has  been 
removed  by  a  stream  of  sufficient  volume  to  accomplish  the 
work.  A  quantity  of  rainfall  is  conceivable  which  would 
erode  and  deepen  the  valleys  in  question,  and  that  such  oc- 
cured  at  a  former  period  is  quite  possible,  but  we  insist  that 
while  some  erosion  must  occur  when  water  moves  over  the 
surface  of  the  ground,  that  the  great  development  of  these 
valleys,  especially  at  their  source,  and  upon  the  highest  grounds, 
is  not  explained  by  the  present  surface  waste.  The  watershed  of 
the  island  upon  the  hills  is  narrow ;  frequently  a  few  rods,  or 
feet  separates  the  source  of  a  valley  extending  northward  from 
one  running  southward. 

We  are  inclined  to  look  to  an  agent  other  than  rainfall  for 
the  development  of  the  surface  sculpture  of  Long  Island. 
Excepting  its  lower  beds  which  may  consist  of  Tertiary  or  Cre- 
taceous deposits,  or  of  both,  the  island  is  a  glacial  moraine, — a 
mass  of  debris  both  unmodified,  and  in  every  stage  and  form 
of  modification.  The  surface  valleys  were  evidently  water- 
courses for  sub-glacial  streams  supplied  by  the  ever  wasting  ice 
while  it  still  lav  upon  the  coast  From  this  cause  a  deep  ero- 
sion of  the  highest  grounds  was  possible,  and  the  general  con- 
tour of  the  surface  determined.  The  direction  and  course  of  all 
the  principal  valleys  indicate  their  common  origin.  So  deeply 
marfced  and  well  defined  are  they  that  little  change  in  their 
general  aspect  seems  to  have  taken  place  since  the  disappear- 
ance of  the  ice  sheet  from  the  coast.  If  from  the  surface  valleys 
we  turn  to  the  similar  but  vastly  greater  ones  on  the  north  side 
of  the  island  which  now  constitute  the  series  of  magnificent 
harbors  upon  its  coast,  we  find  proof  that  they  too  had  their 
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origin  in  glacial  times.  These  harbors  are  eight  in  number,  and 
although  in  facial  drift  are  as  truly  fiords  as  those  along  the 
rocky  coast  oi  Greenland.  They  extend  into  the  island  from 
three  to  six  miles,  they  are  fi*om  half  a  mile  to  a  mile  and  a 
half  broad  and  are  in  the  deeper  portions  from  ten  to  twenty- 
five  feet  deep.  Thejr  were  probably  deeper  when  free  from 
sediment  In  a  few  instances  where  tidal  currents  are  strong 
the  water  is  from  thirty  to  fifty  feet  deep.  The  land  on  either 
side  of  the  fiords  is  from  a  few  feet  to  as  much  as  200  feet 
above  tide,  and  the  valleys  continue  long  distances  inland 
beyond  where  the  tides  reach.  Many  lateral  valleys  open  into 
these,  evidently  cut  by  glacial  streams.  It  is  extremely  prob- 
able that  these  great  fiords  were,  at  an  early  stage  of  the 
formation  of  the  island,  water-courses  opening  to  the  ocean,  and 
were  maintained  as  such  until  filled  by  accumulating  drift. 
This  may  have  occurred  while  the  ice  sheet  still  lay  over  the 
riegion,  and  the  streams  were  under  or  sub-glacial  ones.  When 
however  the  valleys  were  finally  filled  with  drift  at  their  ter- 
minus the  waters  were  arrested,  and  thenceforth  discharged 
eastward  and  westward  through,  what  is  now,  Long  Island 
Sound. 

There  is  no  evidence  that  the  fiord  valleys  have  changed  in 
their  general  contour  since  the  glaciers  disappeared.  The  facts 
undoubtedly  imply  that  the  coast  stood  at  a  greater  elevation 
than  now,  for  the  glacial-fed  streams  must  have  swept  the  fiord 
valleys  to  their  bottom.  But  Prof.  Dana  has  shown  long  since 
that  the  Glacial  period  was  probably  one  of  elevation  of  North- 
ern lands. 

There  is  reason  for  the  conclusion,  however,  that  some  deep- 
ening of  the  principal  surface  valleys  has  taken  place  subse- 
quently to  the  disappearance  of  the  ice,  which  may  be  attributed 
to  streams.  There  occurs  in  many  instances  fragmental  depos- 
its of  sand  and  gravel  along  their  banks,  ten  to  twenty  or 
more  feet  above  the  bottom,  which  seem  to  be  remains  of  flood 
plains,  and  indicate  erosion  to  that  extent  If  this  be  correct  a 
more  abundant  rainfall  at  a  former  period  is  suggested,  and  it 
may  have  occurred  while  the  ice  still  lay  upon  Jfew  England. 
Chilled  by  its  presence  the  vapor-laden  air  from  the  ocean 
might  have  dropped  its  moisture  in  more  abundant  rain  or  snow 
upon  the  coast,  and  local  accumulation  of  snow  upon  the  hills 
during  winter  may  have  aided  in  swelling  the  eroding  streams. 

The  water-courses  which  open  southward  from  the  central  hills 
of  the  island  extend  over  a  nearly  uniform  plain ;  they  are  of 
moderate  depth,  rarely  greater  than  twenty  feet,  have  few  tribu- 
taries, and  are  quite  direct  and  continuous  from  the  hills  to  the 
bay.  They  are  over  a  formation  geologicall  v  difierent  from  that 
on  the  north  side  of  the  hills,  it  being  strati^ed  gravel  and  sand, 
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proving  the  presence  of  the  ocean  over  the  region  subsequent 
to  the  deposit  of  the  drift  The  stratified  beds  occur  at  all 
heights  up  to  260  feet  above  tide,  and  imply  a  submeigence  of 
the  coast  to  that  extent  There  still  remained,  however,  man^ 
elevations  above  the  ocean  (or  if  they  were  submerged  their 
contour  was  not  altered),  for  they  now  show  the  same  develop- 
ment of  old  valleys  as  we  have  noticed  on  the  north  side  of  the 
hills.  This  is  important  in  explaining  the  newer  valleys  over 
the  stratified,  and  newer  beds.  We  have  traced  several  of  these 
to  their  source,  and  find  that  in  each  instance  the  new  valley  is 
a  continuation  of  an  old  one.  These  new  valleys  are  called 
locally  "plain  valleys,"  because  they  traverse  the  plains,  and 
there  are  thirty  of  them  between  East  New  York  and  Riverhead, 
a  distance  of  fifty  miles 

It  is  easy  to  see  why  the  new  valleys  are  continuous  with 
those  upon  the  higher  grounds,  as  the  precipitation  upon  the 
region  would  flow  into  the  old  valleys,  giving  direction  to  the 
surface  waste  in  streams.  These  at  the  period  of  submergence, 
which  was  probably  the  closing  of  the  Glacial,  or  opening  of 
the  Champlain  period,  would  continually  empty  into  the  bay  or 
ocean  near.  As  the  coast  arose  from  the  water  the  shore  line 
receded,  but  the  streams  would  still  reach  it,  and  slowly  but 
surely  erode  the  plain  valleys  in  Question.  It  thus  appears 
that  the  water  courses  over  the  modined  drift  of  the  plains  have 
their  origin  in  older  valleys  worn  by  glacial  torrents  in  a  pre- 
ceding age. 

There  is  a  source  of  valley  erosion  on  both  sides  of  Long 
Island  which  has  not  yet  been  mentioned.  It  arises  from  springs 
fed  from  rainfall,  which  break  out  and  flow. during  the  whole, 
or  part  of  the  year  in  some  of  the  valleys.  These  springs  are 
from  under-drainage.  On  the  south  side  of  the  island  they  ap- 
pear from  one  to  three  miles  from  the  coast,  forming  streams  of 
great  beauty  and  purity.  It  is  from  this  source  that  the  city  of 
Brooklyn  is  supplied  with  its  wonderfully  pure  water.  There 
is  reason  to  conclude  that  the  springs  broke  out  farther  inland 
at  a  former  period.  On  the  north  side  of  the  island  springs 
appear  in  some  of  the  valleys  from  which  small  streams  flow  a 
part  of  the  year.  In  both  instances,  however,  we  should  not 
expect  the  cropping  out  of  springs,  in  valleys,  until  the  valleys 
were  formed,  it  is  because,  in  most  instances,  the  valleys  have 
been  cut  down,  to  the  level  of  saturation,  that  springs  appear, 
and  if  at  any  period  they  cropped  out  farther  inland  in  the 
valleys,  or  upon  a  higher  level,  it  was  because  the  level  of 
saturation  was  higher  than  it  now  is.  Any  subsequent  lower- 
ing of  it  has  arisen  from  a  diminished  supply  of  water,  conse- 
quent upon  diminished  precipitation. 

In  review  the  following  conclusions  seem  to  be  sustained  : — 
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1.  The  formation  of  the  principal  valleys  about  the  hills  of 
central  Long  Island  and  northward  to  the  Sound  was  concur- 
rent with  the  closing  period  of  the  ice  over  the  region,  but  some 
deepening  has  taken  place  by  water  from  rainfall,  both  from  its 
surface  waste,  and  from  under-drainage,  forming  springs  in  some 
of  the  valleys. 

2.  The  great  fiord  valleys  were  contemporaneous  with  the 
progress  of  the  ice  period. 

3.  The  "  plain  valleys  "  have  been  formed  by  streams  from 
both  surface  and  under-drainage,  and  originated  in  older  valleys 
which  determined  the  flow  of  the  eroding  waters. 

4.  A  further  conclusion  is  suggested  that  the  volume  of 
precipitation  over  the  region  was  greater  at  a  former  period 
than  at  the  present  tima 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistky  and  Physics. 

1.  On  the  Purification  of  Hydrogen  gas. — Although  the  use  of 
hydrogen  gas  as  a  reducing  agent  in  analytical  operations  has 
become  quite  general  since  it  was  proposed  by  Rose,  yet  no 
method  of  perfectly  purifying  this  gas  has  been  described.  Scho- 
BiG  has  made  a  series  of  experiments  upon  the  use  of  a  saturated 
solution  of  potassium  permanganate  for  thispurpose,  the  results 
of  which  appear  to  be  quite  satisfactory.  The  impurities  which 
were  introduced  were  the  hydrogen  compounds  of  sulphur,  phos- 
phorus, arsenic,  antimony  and  carbon.  The  permanganate  was 
used  as  neutral,  acid,  and  alkaline  solution,  contained  in  a  Bun- 
sen  wash-bottle.  Careful  examination  of  the  gas  after  passing 
through  a  layer  10  cm.  thick  of  the  solution,  either  when  only  a 
single  impurity  was  present  or  when  all  were  mixed  together, 
failed  to  show  a  trace  of  foreign  substance.  Hydrogen  sulphide 
was  found  to  be  best  removed  by  an  alkaline  solution ;  the  other 
substances  by  a  neutral  or  acid  one.  Even  coal  gas  after  passing 
slowly  through  a  thickness  of  ten  centimeters  of  the  solution, 
deposited  no  carbon  when  passed  through  an  ignited  tube,  the 
carbon  being  oxidized  to  carbon  dioxide.  As  to  the  que^tioii 
whether  hydrogen  itself  is  not  oxidized  by  the  permanganate,  the 
author  made  comparative  experiments  with  neutral,  acid  and 
alkaline  solutions,  which  showed  that  oxidation  does  take  place, 
the  maximum  rate  being  about  a  third  of  a  cubic  centimeter  per 
hour  under  the  conditions  employed,  and  this  in  the  neutral  solu- 
tion. With  the  hydrogen  thus  perfectly  purified  the  author 
succeeded  in  reducing  a  silver  solution,  in  the  dark  and  in  the 
absence  of  organic  matter.  In  dilute  solutions  the  silver  separated 
as  a  fine  powder;  in  concentrated  ones,  it  formed  a  mirror. — J, 
pr.  C/ky  II,  xiv,  289,  Oct.,  1876.  g.  f.  b. 
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2.  On  Hypovanadic  Oxide  and  its  Compotmds.— Crow  has 
examined,  under  Roscoe^s  direction,  the  modes  of  production  and 
the  properties  of  the  hypovanadic  oxide  of  Berzeiius  (vanadium 
tetroxide)  and  some  of  its  compounds,  the  vanadium  being  deter- 
mined analytically  either  by  titrition  with  permanganate  or  by 
fusing  and  weighing  as  pentoxide.  Hypovanadic  oxide,  prepared 
by  beating  the  chloride  to  redness  in  an  atmosphere  oi  carbon 
dioxide,  is  nearly  pure,  containing  about  95  per  cent  of  V^O^. 
It  is  a  dftrk-green  amorphous  powder,  insoluble  in  water,  soluble 
in  acids  or  alkalies,  and  absorbs  oxygen  from  the  air.  The 
hydrate,  obtained  by  precipitating  a  solution  of  the  sulphate  or 
chloride  with  sodium  carbonate,  filtering  in  an  atmosphere  of 
carbon  dioxide  and  drying  in  a  vacuum,  is  a  black  amorphous 
mass,  having  the  composition  V^O^,  (H,0).j.  Two  trisulphates 
are  describ^  one  with  seven,  the  other  with  four  molecules  of 
water,  both  of  which  are  light  blue  deliquescent  crystalline  pow- 
ders. Two  similar  disulphates  were  also  obtidned.  The  chloride, 
VjO^Clj,  (HgO)^,  prepared  by  dissolving  the  pentoxide  in 
hydrochloric  acid,  redncmg  the  solution  with  hydrogen  sulphide, 
and  evaporating,  is  a  brown  amorphous  deliquescent  mass,  which 
yields  a  blue  solution.  Potassium  hypovanadate,  K,0.(V20^);,, 
(HsO)^,  is  deposited  in  reddish-brown  crystalline  scales  or  needle- 
shaped  crystals,  when  the  sulphate  or  chloride  is  treated  with  ex- 
cess of  potassium  hydrate  and  allowed  to  stand,  closely  stoppered, 
some  hours.  The  sodium  salt  is  similar.  The  ammonium,  barium, 
lead  and  silver  salts,  the  last  two  of  which  are  anhydrous,  are  also 
described  as  brown  or  black  precipitates. — JT.  Chem.  Soc.y  xxx, 
463,  Nov.,  1876.  g.  f.  b. 

8.  On  I^cUo-  and  DiplatcMiitrites. — Nilson  has  examined  at 
length  the  peculiar  double  nitrites  of  platinous  oxide  and  potas- 
sium, sodium,  ammonium,  silver,  mercury  and  barium  described 
by  Lang,  and,  adopting  Blomstrand's  view  that  they  are  paired 
compounds  of  quinquivalent  nitrogen,  he  considers  them  to  con- 
tain the  bivalent  radical  platotetranitrosyl,  the  acid   from  it, 

H O— NO=:=NO O^ 

*>Pt, 
H — 0 ^NO=:=NO — O^ 

being  called  platotetranitrosylic  acid  or  platonitrosylic  acid,  and 
the  salts  platonitrites.  He  describes  also  new  compounds  contain- 
ing another  similar  radical,  in  which,  to  the  four  nitrosyl  groups, 
there  are  two  platinum  atoms  and  one  more  atom  oi  oxygen. 
This  radical  he  calls  diplatotetranitrosyl,  the  free  acid, 

H O NO=:=NO O— -Ptv. 

H O NO=:=NO O— Pt^ 

being  diplatonitrosylic  acid  and  the  salts  diplatonitrites.  Nilson 
has  prepared  the  potassium,  rubidium,  caesium,  ammonium,  thal- 
lium, sodium,  Uthmm,  silver,  calcium,  strontium,  barium,  lead, 
magnesium,  manganous,  cobaltous,  nickelous,  ferrous,  cupric,  zinc, 
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cadmium,  mercaroos,  aluminam,  yttrium,  erbium,  cerium,  lantha- 
Dum  and  didymium  platonitrites,  and  silver,  glucinum,  alumiuum, 
chromous,  indium  and  ferric  diplatonitrites.  The  former  salts 
are  for  the  most  ])art  beautifully  crystallized,  though  the  solution 
must  be  concentrated,  since  they  are  very  soluble  in  water.  The 
diplatonitrites,  with  the  exception  of  the  silver  salt,  which  is  green, 
are  characterized  by  their  brilliant  red  color. — Ber.  Berl.  (Jhenu 
Ges.^  ix,  1722,  Dec.  1870.  g.  p.  b. 

4.  On  the  behavior  of  Palladium  in  the  Alcohol  flame. — 
W6HLER,  as  early  as  1824,  having  observed  that  palladium,  either 
in  the  form  of  K>il  or  sponge,  when  heated  in  an  alcohol  flame 
covered  itself  with  a  thick  layer  of  carbon,  rendering  the  metal 
porous  and  brittle,  and  having,  upon  Graham's  discovery  of  the 
remarkable  occlusion  of  hydrogen  by  this  metal,  assumed  this  as 
the  cause  of  the  phenomenon  observed  by  him,  has  now  sought  to 
verify  the .  supposition  by  passing  pure  dry  ethylene  gas  over 
palladium  sponge,  first  at  100^,  then  at  higher  temperatures;  but 
no  result  was  obtained  until  a  red  heat  was  reached,  when  carbon 
was  deposited  and  hydrogen  evolved;  the  temperature  being 
below  that,  however,  at  which  ethylene  itself  decomposes.  Since 
palladium  has  no  affinity  for  carbon,  the  author  suggests  that  the 
result  observed  may  be  due  to  an  alternate  union  with  hydrogen 
and  separation  therefrom.  He  also  describes  a  convenient  appa- 
ratus for  showing  the  absorption  of  hydrogen  by  palladium  and 
its  evolution  on  heating. — Ber,  BerL  Chem,  Oes.^VL^  1713,  Dec 
1876.  G.  p.  B. 

6.  Oft  two  new  Bichlornaphthalenes, — The  at  and  /^  varieties 
of  dichlornaphthalene,  described  by  Faust  and  Saame,  have 
fusing  points  of  35-36**  and  of  68°  respectively ;  the  y  variety, 
obtained  by  Atterberg,  fuses  at  107°.  Cleve  has  prepared  two 
new  forms  of  this  substance,  <J-dichlornaphthalene,  fusing  at  1 14**, 
and  f-dichlornaphthalene,  fusing  at  135  ,  by  the  action  of  phos- 
phoric chloride  upon  the  calcium  salts  of  the  two  napthalene-di- 
sulphonic  acids  described  by  Ebert  and  Merz.  The  former  body 
b  easily  soluble  in  boiling  alcohol,  from  which  it  crystallizes  in 
broad  brilliant  plates.  T\ae  latter  is  much  less  soluble  and  crys- 
tallizes in  brilliant  prisms. — Bull.  JSoc.  Ch.,  II,  xxvi,  244,  Oct. 
1876.  G.  P.  B. 

6.  Emodin  from  the  bark  of  Bhammis  frangula, — ^Libbkbmank 
and  Waldstein  have  examined  the  crystallized  substance  con- 
tained in  the  bark  oi  Rhamnv^  frangula  (buckthorn)  with  a  view 
to  ascertain  the  relation  of  the  frangulinic  acid  of  Faust,  which  he 
had  recognized  as  an  anthracene  derivative,  to  the  other  isomers 
of  alizarin.  The  crude  material  was  obtained  from  Merck,  and 
was  prepared  bj  extracting  the  bark  with  dilute  soda  solution, 
precipitating  with  hydrochloric  acid,  and  after  repeating  this 
process,  recry stall izing  from  alcohoL  It  was  a  red  crystalline 
powder  containing  small  quantities  of  some  glucoside.  Purified 
by  recry stallization  from  glacial  acetic  acid,  it  gave  beautiful 
orange  silky  needles,  which  after  sublimation  and  crystallization 
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from  absolate  alcohol  gave  on  analysis  the  formula  C,0H,oO5, 
vhich  is  that  also  of  emodin,  obtained  from  rhubarb  root,  as 
Liebermann  had  shown.  The  acetyl-derivative  was  prepared,  and 
found  to  be  acetyl-emodin.  The  hydrocarbon  obtained  by  distill- 
ing it  with  sine  dust,  was  a  mixture  of  anthracene  with  methyl- 
anthracene,  as  its  oxidation  products  showed.  A  close  compar- 
ison proved  the  substance  to  oe  identical  with  emodiii.  The  bark 
contains  only  about  0*2  per  cent  of  it.  Whether  frangulinic  acid 
also  actually  exists  in  the  bark,  the  authors  promise  fuither  inves- 
tigation to  determine. — Ber.  Berl.  Chem,  Ges.^  ix,  1776,  Dec. 
1876,  G.  p.  B. 

7.  On  the  FhthcUeins  of  tertiary  aromcUic  Bases, — The  remark- 
able analogy  between  dimethylauiline  and  phenol,  shown  in  the 
production  by  Michler  of  a  new  body  from  the  former  by  a  reaction 
similar  to  the  synthesis  bv  Kolbe  of  salicylic  acid  from  the  latter, 
has  led  Fischer  to  follow  up  this  analogy  and  to  produce  a 
phthalein  of  dimethylauiline  corresponding  exactly  with  the  phtha- 
lein  of  phenol,  one  of  Baeyer's  remarkable  bodies.  This  re- 
semblance is  clearly  shown  m  the  following  formulas  of  these 
substances: 

^CO.C.H^OH  ^CO.C,H4N(CH3)a 

PhttMlein  of  phenol.  PhthAlein  of  dlmethylftiiiUiie. 

The  new  phthalein  was  obtained  by  the  action  of  dimethylauiline 
upon  phthalic  chloride.  The  mixture  heats,  foams  violently,  and 
becomes  dark-green  in  color.  Water  is  added,  the  excess  of 
dimethylauiline  is  removed  by  evaporation,  and  there  is  left  a 
resinous  mass  which,  crystallized  from  chloroform,  gives  greenish- 
yellow  needles.  It  forms  mono-  and  di-chlorides,  chloro-plati nates 
and  picrates,  the  former  of  which  are  green,  the  latter  yellow. 
Reduced  with  rinc  dust,  it  gives  a  colorless  base,  like  the  phtha- 
leins  of  the  phenols. — Ber,  Berk  Chem,  Oes,y  ix,  1753,  Dec.  1876. 

G.  F.  B. 

8.  Standard  Meter. — M.  G.  Matthkt  presented  to  the  French 
Academy  at  their  meeting  of  Dec.  4th  the  platinum-iridium  4- 
meter  bar,  constructed  for  the  International  Geodetic  Association. 
The  metals  were  prepared  by  MM.  Sainte-Claire  Deville  and 
Debray,  and  each  time  460  ounces  of  platinum  and  55  (50  ?)  ounces 
of  iridium  were  used.  Five  ingots  thus  prepared  were  cut  in 
small  pieces  by  a  hydraulic  press.  The  fragments  were  then 
melted  in  the  same  furnace  and  kept  in  a  liquid  state  for  a  long 
time  by  a  flame  of  oxygen  and  bummg  gas.  The  new  ingot  was 
forged  and  then  rolled.  The  faces  of  the  hammer  and  anvil  were 
of  polished  steel  constantly  rubbed.  The  sheets  after  being  well 
scraped  were  again  melted  in  a  rectangular  furnace  and  produced 
a  very  homogeneous  mass  free  from  cracks  or  roughness  on  the 
bottom,  sides  or  top.  After  the  first  forging  a  bar  was  obtained 
85  cms.  long,  7*5  cms.  wide  and  2*5  cms.  thick,  which  weighed 
15*105  kgs.  and  had  a  specific  gravity  of  21*522.     A  third  of  the 
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bar  was  cut  off  and  the  other  two-thirds  when  forged  and  well 
annealed  had  the  following  dimensions :  Length,  95  cms.;  breadth, 
2'6  cms.;  thickness,  2  cms.  Its  weight  was  then  10*315  kgs.  and 
its  specific  gravity,  21  •648.  The  bar  was  next  rolled  l^tween 
]>oli8hed  cylinders  and  brought  to  very  nearly  the  required  dimen- 
sions, of  length  410  cms.,  breadth  2*1  cms.,  and  thickness  *5  cms. 
Finally,  a  perfectly  rectangular  form  was  given  to  the  bar  by 
drawing  it  several  times  through  a  hole  in  a  plate  of  steel.  Each 
time  the  bar  was  heated  to  the  highest  temperature  by  a  very 
large  gas  blowpipe  fed  with  oxygen,  and  it  was  passed  through 
the  same  hole  until  a  force  was  no  longer  required  to  draw  it 
through  and  it  no  longer  underwent  a  sensible  elongation.  Each 
time  when  hammered,  rolled  or  drawn,  the  metal,  heated 
either  in  a  great  mufile  or  by  the  blowpipe,  was  cleaned  by  melted 
borax  and  by  concentrated  chlorhydnc  acid.  The  rule  ought  to 
receive  from  the  makers,  MM.  Brtinner,  the  high  degree  of  polish 
of  which  it  is  susceptible,  and  which  in  its  present  rough  condi- 
tion it  does  not  possess. 

M.  Deville  in  commenting  on  this  communication  gave  the  fol- 
lowing result  of  an  analysis  of  a  portion  of  this  alloy :  Platinum, 
89*42;  iridium,  10*22;  rhodium,  '16;  ruthenium,  '10;  iron,  '06; 
total,  99*96.  The  density  computed  from  that  of  these  compo- 
nents was  21*515 ;  that  observed,  21*516.  A  second  analysis 
gave  by  computation  21*51 ;  by  observation,  21*508.  He  then 
exhibited  two  tubes  of  the  same  alloy  made  ^om  the  portion  cut 
off  from  the  bar  as  described  above.  These  tubes  are  closed  by 
spherical  cups,  of  which  one  terminates  in  a  capillary  tube  which 
enables  the  interior  to  be  put  in  communication  with  Regnault's 
manometer.  Each  of  these  tubes  is  more  than  a  meter  long  and  one 
of  them  has  a  capacity  of  over  a  liter.  This  is  to  serve  as  an  air  ther- 
mometer for  the  determination  of  the  boiling  points  of  various 
liquids  under  known  pressures.  These  tubes  wUl  have  on  their  sur- 
faces two  lines  a  meter  apart.  The  deviation  compared  with  that 
of  the  second  tube  which  will  be  kept  in  ice,  will  enable  the  exact 
temperature  to  be  calculated.  This  will  carry  out  a  suggestion 
long  since  made  by  Regnault,  and  which  has  been  appUed  to  the 
measurement  of  high  temperatures.  It  will  be  interesting  to 
apply  this  method  to  the  measurement  of  the  lowest  temperatures 
so  far  attained.  These  researches  have  an  important  bearing  on 
metrology.  All  substances  capable  of  being  tempered,  as  glass 
and  steel,  undergo  a  change  with  time.  Others  which  like  zinc 
crystallize  with  changes  of  temperature  also  change  with  time. 
Hyaline  quartz,  according  to  Mr.  Wild,  appears  exempt  from  this 
change.  Does  the  platinum-indium  act  like  steel,  zinc  or  quartz? 
This  question  will  be  solved  by  weighing  the  quantity  of  water 
which  one  of  these  tubes  will  contain  at  0  .  After  all  the  experi- 
ments in  which  the  temperature  will  be  varied  between  very  wide 
limits  the  capacity  of  the  tube  will  be  again  measured.  Each 
change  of  three  milligrams  in  the  weight  of  the  meter  will  repre- 
sent the  volume  of  the  tube  corresponding  to  a  change  of  one- 
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thousandthB  of  a  mitlimeter  in  the  distance  between  the  two  lines 
marked  on  the  tabe.—  Comptes  Rendus^  Ixxxiii,  1090*      b.  c.  p. 

9.  Films  of  Water. — Mr.  Ttlob  read  a  paper  before  the  Lon- 
don Physical  Society  on  the  cohesion  and  capillary  action  of  films 
of  water  under  yarioas  conditions.  The  anthor  endeavors  to 
eliminate  the  action  of  all  forces  except  that  of  firravity  by  im- 
mersing his  "  valves"  in  water.  The  models  whicn  he  exhibited 
consisted  of  glass  tabes  about  three  inches  in  diameter  and  six 
inches  high,  filled  with  water  and  containin>^  each  a  piston,  which, 
on  being  raised,  was  capable  of  lifting  by  cohesion  a  faeavv  mass 
of  meta^  the  nature  of  the  surfaces  in  contact  differing  in  the  sev- 
^al  instruments.  From  experiments  with  them  he  concludes 
that  the  time  during  which  a  heavy  valve  can  be  supported 
depends  upon  the  size  of  the  surface  of  contact,  the  difference  of 
pressure  within  and  without  the  moving  parts,  and  the  smooth- 
ness of  the  valve.  On  the  contrary,  dry  bodies,  such  as  Whit- 
worth's  surface  planes,  will  adhere  for  an  indefinite  period.  Mr. 
Tjlor  considers  tnat  the  supporting  of  a  body  in  water  is  due  to  a 
difference  of  pressure  in  the  water  itself*,  and  he  adduced  Giffard's 
injector  as  showing  that  such  differences  can  take  place.  He  has 
also  studied  the  form  of  a  drop  of  water  at  a  tap,  and  considers 
that  when  a  fly  walks  on  a  ceiling  its  weight  acts  in  the  same 
manner  as  the  heavy  valves  in  the  models  exhibited. — Naiurej  xv, 
181.  B.  c.  p. 

10.  Fog-Signals. — Prof.  Hbnry  at  the  recent  meeting  of  the 
United  States  National  Academy  communicated  some  additional 
facts  obtained  in  his  long-continued  and  elaborate  researches  con- 
cerning sonnd  in  relation  to  fog-signals.  His  principal  investiga- 
tion this  year  had  reference  to  the  divergence  of  sound,  especisJly 
as  to  the  phenomenon  known  as  the  Ocean  Echo.  To  test  the  ex- 
planation given  by  Prof  Tyndall,  requiring  reflection  from  the 
air,  the  trumpet  of  a  siren  was  turned  directly  to  the  zenith.  The 
blast  was  exceedingly  intense,  but  no  echo  was  heard  from  the 
prolongation  of  the  axis  of  the  trumpet,  L  e.,  from  the  zenith. 
A  loud  echo  was,  however,  heard  from  the  whole  circumference 
of  the  horizon,  half  of  which  was  on  land,  the  other  half  on  water* 
This  was  repeated  many  times,  and  always  with  the  same  result. 
In  one  case  a  small  cloud  passed  directly  across  the  zenith,  from 
which  a  few  drops  of  ram  fell  into  the  mouth  of  the  trumpet ; 
still  no  sound  was  heard  from  the  zenith,  although  sound  con- 
tinned  to  be  heard  from  around  the  horizon.  In  this  case  on  ac- 
count of  the  divergence  of  the  sound,  portions  of  waves  in  every 
direction  must  have  descended  to  the  hoiizon,  and  as  some  of 
these  must  have  reached  the  plane  of  the  ocean  in  a  path  curv- 
ing inward  toward  the  source  of  sound,  they  would,  when  they 
reached  the  ear  of  the  observer  in  the  vicinity  of  the  source,  seem 
as  if  coming  from  a  point  in  the  horizon,  and  hence  would  give 
rise  to  the  phenomenon  of  the  ocean  echo.  Rays  of  sound  at  dif- 
ferent distances  ftom  the  ear  could  be  reflected  from  the  surface 
of  the  ocean  and  thus  give  rise  to  a  prolonged  echo.    This  is  in 


Digitized  by  VjOOQIC 


152  Scientific  Tntelligence. 

accordance  with  the  fact  observed  dnriDg  last  summer,  that  a 
blast  of  five  seconds'  duration  gave  an  echo  that  was  prolonged 
twenty  seconds.  This  could  only  be  produced  by  ordinary  re- 
flection from  a  series  of  surfaces  placed  at  different  distances,  an 
arrangement  of  the  material  of  the  atmosphere  which  (on  the  doc- 
trine of  probabilities)  would  not  be  of  frequent  occurrence. — 
Nature^  xv,  1 29.  e.  c.  p. 

11.  The  Siphon  Recorder  and  Automatic  Curb  Sender, — An 
illustrated  article  showing  the  practical  as  well  as  the  theoretical 
construction  of  these  instruments  appears  in  Nature  for  Nov.  30th, 
1876  (xv,  101).  For  some  time  after  the  introduction  of  subma- 
rine telegraphy  the  mirror  galvanometer  was  the  only  instrument 
delicate  enough  to  receive  the  messages  transmitted  through  a 
long  cable.  The  clerks  must  here  read  the  message  W  watching 
the  deviations  of  a  spot  of  light  from  side  to  side.  The  siphon- 
recorder  serves  to  draw  a  sinuous  line  by  which  the  message  is 
recorded  in  permanent  form.  The  speed  of  sending  will  be  greatly 
increased  by  sending  after  each  current  a  second  in  the  opposite 
direction.  This  is  effected  by  the  curb-sender.  Three  rows  of 
holes  are  punched  in  a  long  strip  of  paper,  the  central  row  serving 
to  carry  the  paper  through  the  machine  and  the  row  on  one  side 
corresponding  to  the  dots  or  positive  currents,  that  on  the  other 
to  the  lines,  or  negative  currents.  When  the  paper  passes  through 
the  machine  it  receives  by  clock-work  a  uniform  motion.  Two 
prickers  are  placed  so  as  to  correspond  to  the  two  outer  rows  of 
Doles.  When  a  bole  passes,  the  corresponding  pricker  falls  into 
it,  and  in  so  doing  lifts  a  spring  through  an  opening  in  the  rim  of  a 
revolving  wheel.  The  spring  being  caught  in  the  rim  of  the 
wheel  is  obliged  to  remam  there  until  the  wheel  makes  one  com- 
plete revolution  and  the  opening  in  the  rim  returns  to  free  it. 
The  wheel  makes  one  revolution  while  one  space  passes  the 
pricker.  When  the  spring  is  lifted  into  the  rim  of  the  wheel  it 
makes  connection  between  the  battery  and  another  set  of  springs, 
by  which  a  current  is  sent  through  the  cable,  and  shortly  after  it 
a  second  current  is  sent  in  the  opposite  direction.  The  currents 
are  reversed  when  the  other  pricker  acts.  s.  c.  p. 

IL  Geology  and  Mineralogy. 

1.  Report  on  the  IVansportcUion  route  alo7ig  the  Wisconsin  and 
Fox  Rivers  in  the  State  of  Wisconsin^  between  the  Mississippi 
River  and  Lake  Michigan;  by  Goitvebneur  K.  Warrkn, 
Major  of  Engineers  and  Brevet  Major  General,  XJ.  S.  Army.  114 
pp.  8vo,  with  many  maps.  Senate  Ex.  Document,  No.  28,  44th 
Congress.  Washington,  1876. — General  Warren's  Report  gives, 
first,  a  history  of  geographical  knowledge  and  surveys  respecting 
this  old  transportation  route,  then  an  account  of  the  work  that 
has  been  done  by  him  or  under  his  direction.  We  take  the  fol- 
lowing facts  from  it. 

The  two  streams — the  Fox  River  which  joins  Lake  Michigan  at 
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the  head  of  Green  Bay,  and  the  Wisconsin,  which  empties  into 
the  Mississippi  at  Prairie  du  Chieu,  come  within  a  mile  and  a  half 
of  one  another,  at  bends  in  each,  near  Portage  City,  where  a 
granite  ridge  hes  near  the  surface.  The  smnmit  of  this  Portage 
redon  is  about  218  feet  above  Lake  Michigan,  and  188  above  the 
Mississippi,  and  the  summit  of  this  water  level  208^  and  178^ 
feet  The  stream  from  Portage  eastward  (Fox  River)  passes 
through  Lake  Winnebago  (besides  three  smaller  lakes),  with  a 
descent  of  39  feet,  and  then  plunges  down  the  remaining  1 69)^ 
feet  along  a  limestone  gorge  whose  sides  are  fifty  fee^  or  less  in 
height. 

■file  reffion  of  Lake  Winnebago  is  bordered  on  the  west  by  a 
low  alluvial  plain,  partly  marshy,  which  is  represented  on  a  map 
as  reaching  thirty  miles  west,  and  then  extending  in  broad  areas 
both  north  along  Wolf  River,  and  southwest  along  the  Upper  Fox 
toward  Portage,  and  hence  as  including  the  other  small  lakes  of 
the  route.  General  Warren  explains  the  origin  of  these  features 
on  the  view  that  the  whole  alluvial  area  was  originally  a  lake ;  at 
which  time  the  waters  drained  off  over  the  low  granite  ridge  at 
Portage  through  the  Wisconsin  River  to  the  Mississippi. 

The  height  of  this  divide  now  existing  at  Portage  is  only  a  few 
feet,  so  that  the  westward  flow  would  have  necessarily  taken  place 
were  the  waters  at  the  height  required  to  make  the  lake.  After- 
ward there  was  a  subsidence  to  the  northeastward  which  deter- 
mined the  flow  in  that  direction  (where  the  loose  material  easily 
gave  way,  while  gi-anite  resisted  wear  in  the  opposite  course) 
down  the  limestone  slope,  toward  Green  Bay,  making  thus  the 
Lower  Fox  River  channel  That  this  subsidence  occurred  after 
the  Glacial  period  is  stated  to  be  shown  by  the  absence  of  glacial 
drift  from  the  alluvial  plain. 

The  facts  are  of  the  highest  interest  because  they  tend  to  prove 
that  the  subsidence  of  the  Champlain  period  (that  following  the 
GlaciaH,  so  well  sustained  for  the  eastern  part  of  the  Continent,  in 
its  higher  latitudes,  by  facts  along  the  coast  of  New  England, 
Labrador,  and  regions  farther  north,  and  also  on  the  shores  of 
Lake  Champlain  and  the  St.  Lawrence,  actually  affected  also  the 
interior  of  tne  Continent,  for  which  it  is  so  diflicult  to  find  evidences 
of  change  of  level. 

General  Warren  obtained  the  same  proofs  of  a  northward  sink- 
ing, for  the  Champlain  period,  in  the  region  between  the  Upper 
Mississippi  and  Lake  Winnipeg.  (See  his  Memoir  on  the  Valley  of 
the  Minnesota.)  He  showed,  by  the  facts,  that  Lake  Winnipeg  bad 
once  had  a  very  great  expansion  and  then  had  discharged  south- 
ward by  Minnesota  River  valley ;  but  that  afterward,  subsequent 
to  the  Glacial  period,  a  change  of  level  in  the  land  had  taken 
place  by  a  subsidence  to  the  northward,  or  a  subsidence  that  was 
relatively  greatest  in  that  direction,  which  turned  thefr  course 
into  the  present  outlet  toward  Hudson's  Bay. 

In  addition,  General  Warren  observed  that  the  southward  dis- 
charge of  Lake  Winnipeg  must  have  been  determined  by  a  previ- 
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ous  rising  of  the  land  to  the  north  (as  referred  to  in  a  notice  of 
his  report  in  this  Journal,  vol.  ix,  p.  318);  thus  sustaining  the 
idea  of  an  elevation  of  the  interior  of  the  Continent  at  the  opening 
of  the  Glacial  period,  and  an  elevation  which  was  greatest  to  tm 
north.  These  conclusions — an  elevation  increasing  in  amount 
northward,  followed  after  the  Glacial  period  by  a  subsidence  in- 
creasing northward — were  reached  without  reference  to  any  pre- 
conceived hypothesis. 

^and-bars. — Gen.  Warren  also  describes  with  detail  the  form  and 
structure  of  the  sand-bars  in  the  Wisconshi  River,  giving  fieu^ts  that 
are  of  general  geological  interest.  The  surface  of  these  bars  has 
a  gradual  pitch  up  stream,  and  a  steep  front  down  stream — as  in 
a  ripple  mark.  The  sands  are  dropped  where  there  is  still  water 
along  the  shores,  but  the  larger  part  in  the  still  water  on  the 
down-stream  edge  of  the  bars,  thus  building  up  this  edge  toward 
the  water^s  surface.  The  sand,  where  the  current  is  strong, 
**  is  moved  along  the  gentle  slope  of  the  upper  side  till  the  crest  is 
reached,  when  it  falls  over  and  stops  in  the  still  water  below.** 
The  bar  thus  grows  and  becomes  more  convex  in  its  down-stream 
outline.  Such  sand-bars  have  a  chaimel  of  deep  water  either 
side,  and  also  tend  to  make,  by  acting  as  a  dam  at  the  low-water 
stage  of  the  stream,  large  areas  of  Seep  still  water  above  them. 
The  changes  in  the  current  produced  by  the  growth  of  the  bars 
and  the  greater  changes  from  change  of  level  in  the  river  by 
floods,  produces  frequent  changes  in  the  bars,  so  that  they  are  not 
the  same  in  position  from  year  to  year.  At  very  low  water,  the 
bars  may  be  mostly  dry,  with  winding  narrow  channels  of  water 
apiong  them.  This  tends  to  improve  the  navigation  for  the  time ; 
but  a  rise,  if  small  and  temporary,  sends  the  water  across  these 
channels  and  fills  them  up. 

The  sand-bars  made  in  the  Mississippi  by  the  discharge  of  the 
Wisconsin  are  of  great  extent.  Besides  pushing  the  deep  water 
channel  to  the  west  shore,  they  act  as  a  dam  and  make  an  area  of 
relatively  still  water  above,  thus  causing  good  navigation  above 
the  junction  and  bad  below — a  common  fact  at  junctions  in  the 
rivers  of  the  Mississippi  basin.  The  Wisconsin  River  flows  from 
a  region  of  much  less  summer  rain  than  the  Mississippi,  and  is 
often  at  low-water  stage  when  the  latter  is  high  ;  and  hence  it  is 
made  very  shoal  by  sand-bars  formed  in  its  mouth. 

The  sands  of  the  Wisconsin  River  bars  are  almost  purely  sili- 
ceous, and  come  from  the  drift  deposits  bordering  its  course.  The 
specific  gravity,  "  excluding  voids,"  of  two  specimens  from  dif- 
ferent parts  was  2*6892  and  2*6667.  For  comparison  the  specific 
Savity  of  other  sands  was  obtained,  as  follows:  at  St.  Paul, 
innesota,  on  the  Mississippi,  2*6397 ;  at  Rock  Island,  Illinois, 
2-6166;  at  Saybrook  Bar,  mouth  of  Connecticut  River,  2*6406  ;  at 
Block  Island,  R.  I.,  2*6392;  at  Newport,  R.  L,  2*6563.  The 
Report  also  compares  different  sands  as  to  proportional  fineness, 
givmg  the  proportion  that  passed  through  sieves  of  different 
grades ;  and,  also,  as  to  the  changes  in  volume  in  different  sands 
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dae  to  wetting  when  loose  and  packed.  The  loose  sands  of  the 
Wisconsin  River  shrink  in  volume  '0146,  and  -0197  (two  speci- 
mens) ;  while  that  of  Saint  Paul  shrinks  '0696 ;  that  of  Block 
Island,  R  L,  -0788,  and  that  of  Newport,  R.  L,  -1352.  These 
investigations  of  different  sands  were  made  in  order  to  ascertain 
the  reason  why  the  Wisconsin  sands  are  "  easily  moved  " 

2,  lee  work  note  going  on  in  Newfoundland, — Mr.  S.  Milnb 
ffives  many  valuable  facts  on  modern  ice- work  in  Newfoundland 
in  a  paper  in  the  Geological  Magasdne  for  September  last,  from 
which  the  following  are  here  cited. 

Ice  forms  on  the  shores  from  the  spray  and  occasional  snows, 
enveloping  and  thus  grasping  firmly  the  stones  and  bowlders 
beneatn,  and  attaining  considerable  thickness ;  and  when  a  north- 
em  pack  strikes  it,  it  is  pushed  up  shore,  sometimes  to  a  distance 
of  a  hundred  yards.  In  the  movement  the  rocky  surfaces  beneath 
are  polished  and  scratched  in  a  style  precisely  like  the  work  of 
glaciers.  The  breaking  away  of  the  pack  near  the  water  line 
leaves  the  stranded  ice  with  a  thick  front  called  by  the  fishermen 
a  hcdacada^  a  corruption  probably  of  baracada  of  the  Spanish. 
This  shore  ice,  with  its  cargo  of  bowlders,  stones  and  gravel,  is 
often  drifted  off  as  the  tide  rises,  and  especially  when  a  land 
breeze  favors;  and  great  lines  of  bowlders  off  the  shore  are  thus 
made.  In  the  same  way  the  cables  and  anchors  left  on  the  shore 
have  sometimes  been  carried  o% — to  the  regret  of  the  fishermen. 

The  blows  made  by  the  coast-ice  when  driven  up  the  land,  or  by 
the  floating  ice  when  pushed  ashore,  have  immense  power  and  do 
great  execution  on  the  rocky  bluffs.  Scoresby's  calculation,  that  the 
blow  produced  by  one  of  the  immense  ice-fields  is  equal  to  that  of 
1 0,000,000,000  tons,  affords  an  idea  of  the  force  of  the  impact  in 
many  cases,  and  aids  us  in  realizing  the  greatness  of  the  work  of 
coast  degradation  carried  on  in  every  cold  season  by  the  reiterated 
strokes. 

3.  The  GHaciation  of  the  Shetland  Isles. — In  the  Geological 
Magazine  for  May  and  June,  1870,  my  colleague.  Dr.  Croll,  first 
pointed  out  that  the  Scotch  and  Scandinavian  ice-sheets  probably 
united  on  the  floor  of  the  North  Sea,  and  thence  moved  westward 
toward  the  Atlantic.  He  was  led  to  this  conclusion  by  a  con- 
sideration of  the  peculiar  direction  of  the  striae  in  Caithness,  in 
Shetland,  and  the  Faroe  Isles,  as  well  as  by  the  occurrence  of 
marine  shells  in  the  bowlder  clay  of  the  northern  parts  of  Caith- 
ness. He  showed  that  the  enormous  uter  de  gluce  which  pressed 
out  on  all  sides  from  Scandinavia  forced  its  way  close  to  the 
Scotch  coast-line,  and  in  virtue  of  its  greater  size  produced  a 
slight  deflection  of  the  Scotch  ice,  causing  it  to  over-i-ide  portions 
of  the  main  land.  He  stated  that  in  all  likelihood  both  the  Shet- 
land and  the  Faroe  Isles  were  over-topped  by  the  Scandinavian 
ice  in  its  onward  march  toward  the  Atlantic. 

During  a  recent  traverse  in  Shetland  I  obtained  evidence  which 
tends  to  strengthen  this  remarkable  theory.  In  the  north  island 
of  Unst,  the  direction  of  the  strise,  the  bowlders  on  the  surface, 
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and  the  stones  in  the  till,  clearly  indicate  that  this  island  was 
glaciated  by  a  mass  of  ice  moving  from  east  to  west.  The  proofs 
of  continental  glaciation,  which  are  comparatively  clear  m  the 
north,  are  obscured  in  a  great  measure  in  tne  main  island  by  the 
effects  of  a  local  ice-sheet.  The  nature  of  the  bowlder  clay,  as  well 
as  the  trend  of  the  strisB  in  various  localities,  show  that  the  move- 
ment of  this  local  sheet  was  influenced  by  the  general  features  of 
the  country.  In  addition  to  these  markings,  however,  others  were 
found  which  could  not  have  been  produced  by  ice  shedding  off  the 
land  in  the  ordinary  way.  These  cross  the*  island,  regardless  of 
its  physical  features,  and  are  often  at  right  angles  to  the  newer 
set.  Lastly,  the  wide  distribution  of  morainic  matter  with  groups 
of  moraines  indicate  the  gradual  disappearance  of  the  local  ice- 
sheet  and  the  presence  of  small  glaciers,  where  the  ground  pre- 
sented favorable  conditions  for  their  development. 

The  islands  are  dotted  over  with  small  lochs ;  the  most  of  these 
lie  in  peat  or  drift,  while  others  occupy  true  rock  basins.  The 
singular  absence  of  marine  terraces  ought  not  to  escape  notice,  as 
bearing  on  the  recent  geological  history  of  these  islands,  since  the 
voes  or  sea-lochs  are  admiraDly  adapted  for  their  preservation. 

These  observations  will  be  described  in  detail  in  a  forthcoming 
paper  before  the  Geological  Society.  John  Horns. 

— Nature^  Dec.  14,  1876. 

4.  Note  OH  the  relations  ofBcUantia  EatreUanua  of  the  California 
Miocene;  by  T.  A.  Conrad.  (From  a  letter  to  J.  D.  Dana,  dated 
Philadelphia,  Dec,  4,  1876.) — Some  time  ago  I  wrote  you  for 
your  opinion  of  the  propriety  of  classing  Balanus  Estrellanus  {Ta- 
mioaoma  gregaria)  with  the  Mudistoe,  It  seemed  so  strange  to  me, 
that  a  member  of  the  Hudlstce  should  be  in  Miocene  strata,  that  I 
have  recently  studied  its  characters  anew,  and  find  it  to  be  a  true 
BalaniiSy  and  I  think  you  will  agree  with  me,  if  you  consult  the 
figure  and  description  of  i^.  kevis  figured  in  Darwm's  Monograph, 
pi.  4,  fig.  2.  In  that  figure  the  basis  exhibits  septa  of  the  precise 
character  of  B.  EstreUanue;  besides,  the  loss  of  the  basis  shows 
the  same  structure  as  other  Balani,  but  the  opercular  valves  are 
not  preserved.     Mr.  Gabb  fully  agrees  with  my  determination. 

I  have  also  had  occasion  to  restrict  the  number  of  genera  which 
were  supposed  to  be  common  to  Cretaceous  and  Eocene  strata. 
Thus  I  eliminate  the  genus  Cuctdlcea  from  the  Cretaceous  fauna, 
it  being  represented  by  Idoneurca,  I  think  also  that  THgonia 
died  out  at  the  close  of  the  Cretaceous ;  for,  of  the  many  species 
known,  none  had  ribs  radiating  from  the  beak,  like  a  Cardium^ 
and  being  unknown  in  Eocene  strata;  when  the  allied  genus 
appears  in  the  Miocene  and  recent  fauna  it  assumes  the  radiated 
structure*  I  also  exclude  from  the  Cretaceous  fossils  the  following 
genera  of  Veneridae:  CaUista^  Caryatus^  Dione^  OrcUeloupea^ 
Cryptogramma^  Circe^  Dosetiia^  Mercenaria^  VenvSy  etc.,  retain- 
ing only  Aphrodinay  Cydothyrie^  Baroda^  and  Bosiniopsis,  Some 
genera,  as  Cardium^  Pecten^  JRadula^  Ostrea,  AnomiOy  Spondf/lus, 
Axinceuy  Ikirritellay  etc.,  were  continued  from  Cretaceous  strata  to 
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the  recent  period,  but  I  have  not  yet  made  out  a  list  of  all  the 
extinct  genera.  As  it  is  interesting  to  note  the  occurrence  of  cor- 
responding extinct  genera  in  America  and  India  of  the  same  Cre- 
taceous horizon,  I  would  remark  that  in  Stoliczka's  Paleontology 
of  Sonthem  India,  figs.  1  to  6,  pi  vi,  represent  the  genus  Cydo- 
thyris^  though  i*eferred  to  Vyclameria  by  Stoliczka ;  and  fics.  1 7- 
19  {Cytheria  Stol.)  belong  to  Aphrodina  Con.  Both  of  these 
genera  are  common  in  North  Carolina. 

5.  Stromatopora, — In  the  number  of  the  Annals  and  Magazine 
of  N  atural  History  for  January,  Stromatopora  concentrica  is  pro- 
nounced a  Sponge  in  a  paper  on  a  new  genus  of  Cretaceous  Hex- 
actinellid  Sponges,  by  W.  J.  Sollas.  A  second  paper,  by  H.  J. 
Carter,  treats  of  the  close  relationship  of  Sydraetinia^  Parkerta^ 
and  Stromatopora^  thus  making  the  genus,  or  part  of  it,  Hydroid  in 
its  relations,  and  so  removing  it  far  from  the  Protozoans. 

6.  Geological  Survey  of  Victoria,  Beport  of  Progress^  by  R. 
Brough  Smyth. — The  most  important  Report  in  this  volume  is  a 
long  one  on  the  Devonian  rocks  of  North  Gippsland,  by  A.  W. 
Howitt. 

7.  Fossil  M^hant  in  Washington  Territory;  by  Wm.  O.  Matz- 
GEB.  (From  a  letter  dated  Daytown,  Washington  Territory,  July 
8,  1S76.) — The  bones  include  a  pelvis,  jaw  bone,  tusk,  and  others. 
The  pelvis  measures  5  feet  10  inches  across  its  widest  part,  and 
the  tusk  is  10  feet  long.  The  jaw  bone  is  two  feet  wide,  and  has 
one  tooth  on  a  side,  measuring  at  top  ten  inches  by  three.  The^ 
discoverer  thinks  that  he  has  found  portions  of  at  least  five  indi- 
viduals. 

8.  Mesozoic  Fossils^  VoL  I;  Geological  Survey  of  Canada. 
Part  I.  On  some  Invertebrates  from  the  coal-bearing  rocks  of  the 
Queen  Charlotte  Islands^  collected  by  J.  Richardson  in  1872 ;  by 
J.  F.  WnrrEAVES.  92  pp.  8vo,  with  10  plates  of  fossils,  and  a 
map. — ^The  Queen  Charlotte  Islands  lie  just  to  the  north  of  Van- 
couver Island.  The  fossils  are  in  general  too  imperfect  for  satis- 
factory identification.  They  include  a  large  proportion  of  species 
of  the  Ammonite  family.  They  have  some  Oolitic  affinities,  while 
"  at  least  one  or  two  are  known  to  be  Cretaceous,"  and  indicate  a 
relation  in  the  beds  rather  to  the  Shasta  Group  (Lower  Cretace- 
ous) of  California  and  of  British  Columbia,  than  to  the  Cretaceous 
of  V  ancouver,  or  the  Chico  group  of  California.  No  Vancouver 
species  is  found  among  them.  They  may  belong  just  below  the 
C;retaceou8.  Out  of  the  42  species  of  Mollusks,  three — Ammonites 
Breweriiy  A.  Stoliczkanus  and  Aucella  Piochii^  are  well-known 
California  Cretaceous  fossils. 

9.  Miocene  in  Southern  New  Guinea. — Mr.  C.  S.  Wilkinson, 
of  the  Geological  Survey  of  New  South  Wales,  after  an  examina- 
tion of  specimens  obtained  in  New  Guinea  by  William  MacLeay, 
Esq.,  announces  the  occurrence  of  Calcareous  clays  and  other  beds 
from  Hall's  Sound,  which  are  of  the  Lovrer  Miocene^— 2^  fact  of 
much  interest  since  no  marine  Tertiary  beds  have  yet  been  re- 
ported from  Eastern  Australia,  while  they  are  found  in  Victoria 
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and  South  Australia.  Professor  M'Coy,  as  Mr.  WilkiDSon  states, 
has  shown  that  the  Miocene  fossils  of  Southern  Australia  were 
closely  related  generically,  and  even  specifically  to  those  of  many 
parts  of  Europe  and  America.  The  New  Guinea  species  are 
mostly  identical  with  those  of  Victoria.  They  include  Voluta 
antircingulata^  species  of  Ostrea^  CytheriBa^  CrarsateUa^  Pecten^ 
Turritella,  Astarte^  Gorhula^  Leda^  Venus^  Cyprcea^  and  other 
genera.  Mr.  Wilkinson  makes  the  following  concluding  observa- 
tions : 

The  discovery  of  these  Miocene  beds  on  the  southern  coast  of 
New  Guinea  is  one  of  considerable  importance.  Their  occurrence, 
I  believe,  suggests  the  former  land-connection  of  New  Guinea 
with  the  Australian  continent,  and  this  belief  is  further  borne  out 
by  the  fact  of  the  shallowness  of  the  intervening  sea. 

From  geological  data  it  is  believed  that  this  continent  [Aus- 
tralia] has  not  been  submerged  to  any  great  extent,  aince  the 
Lower  Pliocene  period ;  and  we  know  that  it  has  risen  a  little 
since  the  Upper  Pliocene  epoch,  at  least  in  Victona,  for  the  lava 
flows  of  that  age,  now  forming  the  Werribee  Plains,  were  sub- 
marine  flows.  And  Mr.  Daintree,  formerly  government  geolo- 
gist of  Queensland,  shows,  in  his  pamphlet  on  the  Geology  of 
Queensland,  that  little  upheaval  of  this  portion  of  Australia  has 
taken  place  since  the  volcanic  outbursts  of  a  late  Tertiary  epoch. 
Now,  It  is  in  the  Upper  Pliocene  or  Pleistocene  deposits  [or  Qua- 
ternary] that  are  found  the  remains  of  the  gigantic  marsupials — 
Dlprotodon^  Macropus  titan^  Notothearium^  and  others;  and,  as 
their  allied  representatives  now  occupy  both  Australia  and  New 
Guinea,  it  is  not  improbable  that  those  gigantic  animals,  whose 
bones  are  found  in  Northern  Queensland,  also  roamed  in  both 
those  countries.  And  farther,  as  the  luxuriant  vegetation  and 
climatic  conditions  which  we  suppose  to  be  favoi*able  for  the  sup- 
port of  those  immense  maraupials,  still  exist  in  New  Guinea,  is  it 
rash  to  conjecture  that  some  of  these  large  creatures  may  not  be 
living  there  at  the  present  time  ?  Farther  reaearobes  may  prove 
this. 

10.  Hecherches  sur  lee  Fosnlea  Pcdiozoiquea  de  la  Nouvelle  OaUee 
di/ /Sz^e^  (Australie) ;  par  L.-G.  de  Koninok,  D.M.  140  pp.  8vo, 
with  at  atlas  in  4to.  Bruxelles.  1876.  (Mem.  Soc.  Roy.  dea 
Sci  de  Liege.) — This  paper  contains  descriptions  and  figures  of 
many  Australian  species,  and  of  them  a  considerable  number  are 
identical  with  those  of  its  antipodes,  Europe  and  Britain,  or  of 
North  America.  Among  the  latter  from  Silurian  beds,  are  Holy- 
sites  esoharoideSj  Alveolites  repens^  Favosites  cristaiay  F,  JFhrbesi, 
F.  asperay  F.  fibrosa^  F,  Gothlandica  :  Chonetes  stricUeUay  Leptama 
quiuqueoostatay  i.  oompressa^  tStrophomena  pecten^  S.  rhomhoidor 
tis^  Pentamerus  Knightiiy  P.  oblongus,  Orthis  oanaliculata^ 
Atrypa  reticularis^  A.  hemisphcericay  Spirifer  crisfms^  Meristelia 
tumida;  Pterinea  ampliata^  Orthoceras  ibex,  Cheirurus  insig- 
nis^  Encrinurus  punctatus^   Galymene  Blumenbachii^  Bronteus 
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Pctrtschii^  JTarpes  ungula^  and  others;  and  there  are  as  many  from 
the  later  Paleozoic.  The  author  hence  confinns  the  conclusioQ 
expressed  by  McCoy,  with  regard  to  the  general  specific  identity 
of  the  marine  fauna  of  the  two  hemispheres  in  the  Silurian  age, 
and  extends  it  to  all  Paleozoic  time,  including  the  Carboniferous 
age,  so  that  we  may  say  that  '^  the  entire  marine  Paleozoic  fauna 
was  subjected  to  the  same  general  influences.''  The  species  occur 
in  many  cases  of  larger  size  than  in  £urope  or  America.  Prof,  de 
KonincK  states  that  lie  was  mainly  indebted  for  the  specimens  he 
has  described  to  the  Rev.  W.  B.  Clarke,  who  has  long  worked  in 
Australian  Greology. 

11.  On  the  Syenitic  mouh tains  of  Ditro^  a/id  the  Trachytic^ 
Sargitta^  uear  Buddsch  in  Eastern  Transylvania^  toith  observa- 
tions on  the  Avriferous  Districts  of  VOrospatak  and  Nagya^^ 
by  Pro£  G.  vom  Kath.  55  pp.  8vo.  Bonn,  1876. — ^The  Syenitic 
mountains  of  Ditro,  described  by  Prof,  vom  Rath,  extend  from 
Gyergyo  Szt.  Miklos  to  Szarhegy  and  Ditro,  having  a  length  of 
twenty  to  twenty-one  kilometers* and  a  breadth  of  seven  to  eight. 
They  consist  mainly  of  "  nepheliiie-syenite"  miascyte^  and  "  soda- 
lite-syenite  "  or  ditroyte.  The  former,  which  is  the  predominating 
rock,  consists  of  a  gray  to  greenish-gray  nephelite  (elsBolite),  white 
orthoclase  and  ohgoclase,  black  hornblende  with  some  biotite, 
zircon,  sphene,  magnetite,  and  pyrite,  and  is  either  coarse  or  fine 
grained.  The  elseolite  is  in  grains  and  oc<;asionally  in  masses  two- 
thirds  of  an  inch  through.  The  miascyte  graduates  into  the 
ditroyte,  or  a  rock  containing  blue  sodahte  and  sometimes  can- 
crinite  and  pyrochlore  in  addition  to  the  ingredients  of  the  mias- 
cyte.  The  orthoclase  of  the  ditroyte  gave  Prot  vom  Rath  the 
oxygen  ratio  1*018:  3  :  11-488;  and  the  blue  sodalite  was  found 
by  him  to  consist  of 

&i  3S'66,  M  32*61,  Ca  0-96,  &  1*04,  ffa  13*28,  Na  3*93,  tL  2*36,  a  60S. 
In  these  mountains  there  is  also  a  reddish  quartzless  syenyte-like 
rock,  consisting  of  a  reddish  orthoclase,  black  biotite  and  horn- 
blende with  some  yellow  sphene. 

Prof  vom  Rath  describes  in  this  paper  also  the  trachytic  rocks 
of  the  vicinity  and  their  relations,  giving  analyses  of  the  andesite 
or  plagioclase  feldspar ;  and  then  discusses  the  auriferous  region 
and  rocks  of  VdrQspatak  and  the  auriferous  tellurium  regions  of 
Nagyag  (pronounced  Nadj-6k).  In  the  V6r6spatak  region,  as 
cited  from  Grimm,  the  gola-bearing  rocks  are:  (1)  the  Carpathian 
sandstone  referred  to  the  Eocene  containing  beds  of  argillyte,  and 
having  vertical  ore-bearing  veins ;  (2)  a  feldstone-porphyry,  which 
18  stated  to  be  an  eruptive  rock,  containing  quartz  in  numerous 
and  large  dihexahedral  crystals ;  and  (S)  a  ^^  porphyritic  sand- 
fitone  newer  than  the  Carpathian,  which  is  accompanied  by  a 
crystalline  slate,  and  sometimes  becomes  a  breccia,  and  is  inter* 
sected  by  numerous  small  veins  of  quartz  and  pyrite. 

12.  ^  Oreenstones^'*  of  Western  Cornwall ;  J.  Arthur  Phillips, 
Esq.  (Q.  J.  GeoL  Soc,  May,  1876.) — ^This  paper  has  special 
interest  on  account  of  the  various  opinions  with  regard  to  the 
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relations  of  diorytes  and  other  "  greenstones."  The  rocks  which 
it  describes  are  greenish  slates,  greenish  crystalline  rocks  without 
a  trace  of  lamination,  into  which  the  slates  pass  by  gradual  or 
abrupt  transitions,  and  also  killas  or  clay-slate.  The  kinds  of 
greenstone  least  metamorphic  consist,  as  seen  in  thin  sections 
under  the  microscope,  of  a  plagioclase  feldspar,  angite  or  diallage, 
magnetic  titanic  iron,  with  occasional  specks  of  pyrite,  and  also  a 
little  apatite,  and  with  rarely  flakes  of  brown  mica,  some  horn- 
blende, and  a  chlorite.  The  more  altered  kinds  have  a  semi- 
transparent  base,  through  which  hornblende  and  the  chlorite  are 
thickly  disseminated;  and  in  it  there  are  green  pseudomorphi 
after  augite,  and  faint  outlines  of  feldspar  crystals.  In  some  placer 
there  are  large  crystals  of  the  feldspar,  yet  with  the  augitt 
changed  to  hornblende  and  chlorite.  The  matei-ial  of  the  inter- 
secting veins  is  the  same,  except  that  it  contains  a  little  more 
green  hornblende.  In  other  places  the  augite  is  but  slightly 
altered,  while  the  feldspar  crystals  appear  merged  in  a  colorless 
slightly  opaque  base,  which  shows  faintly  the  outlines  of  the  feld 
spar  crystals. 

Four  different  varieties  of  the  greenstones  afforded  on  analysis: 

L  n.  in.         IV. 

SUica 46-32  47*22  43*48  4726 

Alumina 18*18  19*85  1860  21*64 

Ferricoxide 0*82  1*01            3*68  3*97 

Perrousoxide 10*92  9*87  11-38  8*92 

Manganous  oxide trace  trace           trace  trace 

Magnesia 7*46  6*30            601  402 

Lime 9*32  10*18  12*31  601 

Potash 2*07  1*12             1-12  1*91 

8oda 2*96  2*13            1*69  3*77 

Phosphoric  acid : 0*62  0*95            trace  0*33 

Water,  hygrometric  i  0*24  0*21            0*22  0*29 

combined |  076  0*80            1*17  1*92 

Pyrite 0*32  017            trace  trace 

99-88  99-81  9966         100  04 

Specific  gravity 3*02  2*97  3*01  2*98 

No.  1  is  greenish  and  crystalline,  and  consists,  as  shown  micro- 
scopically, mainly  of  augite  and  feldspar,  the  former  predomi- 
nating, with  some  chlorite,  brown  and  green  hornblende,  and 
magnetite ;  and  came  from  north  of  St  Peter's  Vicarage  in  Tol- 
cam.  No.  2,  from  Tolcarn  Quarry,  resembles  No.  1,  but  is  of 
lighter  color,  and  consists  of  feldspar  with  altered  augite,  chlorite, 
magnetite  partly  replaced  by  a  greenish-gray  mineral,  and  apatite. 
No.  3,  from  Tolcarn  Quari-y,  is  very  fine-grained  crystalline,  sage- 
ereen  in  color,  and  consists  chiefiy  of  hornblende  and  altered 
feldspar  and  chlorite,  the  augite  being  replaced  by  hornblende 
and  chlorite.  No.  4,  from  Chapel  Rock  (''  which  rests  on  slate"), 
is  crystalline  and  greenish-gray,  somewhat  felsytic  in  appearance 
and  consists  of  a  feldspar  base,  with  crystals  of  feldspar,  hornblende 
in  angular  patches  replacing  augite,  chlorite,  apatite,  magnetite. 

With  these  rocks  occur  fine-grain  crystalline  slaty  kinds,  which 
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graduate  into  killas  or  clay-Blate.  These  slaty  crystalline  rocks 
are  bluish-green  to  greenish-gray ;  and  the  slaty  structure  is  some- 
times wanting.  They  consist  largely  of  hornblende  in  minute 
acicular  crystals,  with  some  chlorite,  and  not  unfrequently  a 
slightly  opaque  base,  and  with  occasional  patches  of  quartz,  and 
sometimes  magnetite.  An  average  slaty  kind  of  a  dark  color 
gave  on  analysis  the  results  in  column  A  below.  A  rock  of  grayer 
color,  similarly  homblendic,  containing  much  magnetite,  anorded 
the  results  in  column  6. 

A  B  0  D 

Silica 37-44  60-51  37-63  48*41 

Alumina 1632  19*69  1716  17*02 

Ferric  oxide 733  1*28  7*63  2*68 

Ferroofl  oxide 14*75  7*40  1603  9*41 

Mangaoous  oxide trace  trace  0*40  trace 

Magnesia 6*06  804  352  6*20 

Lime 12*83  7*38  13*96  13*16 

Potash 1*50  1*00  0*94  0*30 

Soda 1*85  341  0*96  213 

Water,  hjgrometric  (  0*54  0-20  0*40  012 

combined J  077  063  107  066 

Phosphoric  acid 0*27  trace  0*46  trace 

Pyrite 0*23  trace  trace 

88*89  99*67  100*03  100*07 

Specific  gravity 3*29  289  3*35  3  03 

(A  hornblende  of  Botallack,  Cornwall,  having  sp.  gr.=3'24, 
afforded  A.  G.  Phillips — Silica  4012,  alumina  16*75,  ferric  oxide 
4*32,  ferrous  oxide  1270,  manganous  oxide  3*42,  magnesia  6'82, 
Ihne  12-37,  potash  trace^  soda  2*65=:100-09.) 

A  compact  greenstone,  dark  erreenish  black,  and  crystalline, 
from  Pendower  Cove,  in  Gurnard's  Head  District,  largely  made 
np  of  hornblende,  with  an  occasional  grain  of  quartz,  afforded  the 
composition  in  column  C,  above.  Another  greenstone,  bluish 
gray  and  distinctly  slaty,  from  two  miles  west  of  Camborne, 
having  sp.  gr.  =3 '03,  and  consisting  largely  of  flakey  hornblende 
as  seen  under  the  microscope,  afforded  the  composition  of  column 
D.  Another,  from  North  Huel  Rose,  in  Newlyn  East,  was  grayish, 
and  had  a  chert-like  aspect,  with  a  tendency  to  break  into  plates. 
The  greenstone  rocks  m  St.  Ives  District  consist  of  homblendic 
slates,  interbedded  with  augitic  rocks  and  occasional  bands  of 
clay-skte;  those  of  the  Cape  Cornwall  District  are  stratified,  with 
usually  a  distinct  slaty  cleavage. 

Mr.  Phillips  speaks  of  the  greenstones  as  in  part  altered  gabbro 
or  doleryte ;  others  as  metamorphic  homblendic  slates,  some  of 
them  containing  garnet,  magnetite  or  axinite ;  others  as  killas  or 
ordinary  clay  slates,  containing  usually  much  more  silica  than  the 
greenstones;  others  as  metamorphic  and  highly  basic  homblendic 
rocks,  having  a  tendency  to  break  into  thin  plates. 

From  the  fects  connected  with  the  "greenstones"  of  the  western 
half  of  the  New  Haven  region  and  of  New  Hampshire,  it  appears 
probable  that  even  the  rocks  of  dolerytic  composition  (the  augitic 
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kinds)  are  ordinary  sediments  metamorphosed,  and  constitute 
either  metadoleryte  or  metadiabaae  according  to  the  prevalence  of 
chlorite  or  not;  that  part  of  the  hornblendic  kinds — those  that 
contain  the  requisite  feldspar — are  basic  meiadiort/tes,  and  that 
the  latter  pass  into  horublendyte  (hornblende  rock),  and  also 
into  labradorite-dioryte  and  anorthite-dioryte,  other  metamorphic 
rocks.  J.  D.  D. 

13.  Petrographische  Studien  an  den  Melaphyrgeateinen  BOhr 
me7)8,  von  Dr.  E.  Boricky.  Prag,  1876. — The  volume  in  hand  is  a 
continuation  of  Dr.  Boricky's  valuable  examination  of  the  igne- 
ous rocks  of  Bohemia. 

14.  MinerdU  of  New  South  Wales,  by  Prof.  A.  Liversidge.  63 
pp.  8vo.  Sydney,  N.  S.  W.  1876. — Prof.  Liversidge  has  given  a 
complete  and  valuable  list  of  the  minerals  of  New  South  Wales, 
with  descriptions  mostly  taken  from  specimens  which  he  had 
himself  had  in  hand.  The  occurrence  of  gold  is  described  in 
detail,  and  an  enumeration  is  given  of  some  of  the  larger  nugjorets 
which  have  been  found.  The  average  chemical  composition  of  the 
ore  obtained  is  93^  p.  c.  gold,  and  about  6  p.  c.  silver.         k.  s.  d. 

16.  TTie  Mineralogical  Magazine  and  Journal  of  the  Miner- 
alogical  Society  of  Great  Britain  and  Ireland ;  No.  1,  August, 
1876,  and  No.  2,  November,  1876. — The  Mineralogical  Society  of 
Great  Britain  and  Ireland  was  instituted  February  3d,  1876,  with 
special  reference  to  the  advancement  of  the  Sciences  of  Mineral- 
ogy and  Petrology.  The  oflScers  of  the  Society  are  as  follows : 
President,  H.  C.  Sorby,  Esq. ;  Vice  Presidents,  Rev.  Professor 
Haughton  and  Professor  Heddle  ;  Treasurer,  R.  P.  Greg,  Esq. ; 
General  Secretary,  J.  H.  Collins,  Esq. ;  Foreign  Secretary,  C.  Lb 
Neve  Foster,  Esq.  The  first  two  numbers  of  the  Society's 
Journal  contain  a  number  of  interesting  papers ;  among  these  are 
descriptions  by  Mr.  J.  H.  Collins  of  the  following  new  minerals : 

Henwoodite,  Occurs  in  globular  masses  of  a  turquois-blue  or 
bluish-green  color  upon  limonite;  the  exterior  surface  of  the 
masses  shows  indistinct  crystalline  facets.  H.=4-4*6,  G.=2-67. 
Analysis:  PgO^  48-94,  AlOj  18-24,  FeOj  2-74,  CuO  7-10,  CaO 
0-64,  SiO,  1-37,  ign.  17*10,  loss  3-97=100-00.  It  is  somewhat  re- 
lated to  lazulite,  wavellite,  and  turquois,  but  differs  in  the  relative 
amounts  of  alumina  and  phosphoric  acid.  Found  at  the  West 
Phoenix  Mine  in  Cornwall. 

Enyaite.  Occurs  in  stalactitic  forms  in  a  cave  at  St.  Agnes, 
Cornwall  H.=2-24,  G.=l-69.  Color  bluish-green.  B.B.  infu- 
sible; in  the  closed  tube  yields  much  water.  Analysis :  SO3  8-12, 
AlOa  29-86,  CuO  16-91,  CaO  1-36,  SiOg  3-40,  H^O  39*42,  CO^ 
1-05,  NagO,  CI,  FeOg  tr.=100-10.  The  mineral  is  regarded  as 
one  of  comparatively  recent  origin.  e.  s.  d. 

16.  Prospectus  of  the  ^''  Zeitschrift  fUr  KrystaUographie  und 
Mineralogie,^^  under  the  editorial  charge  of  Ptof  P,  Groth^ 
^^unter  MUwirktmg  zahlreicher  Fachgenossen  des  In-  und  Aus- 
landes.^^ — In  this  prospectus  Dr.  Groth  gives  in  full  the  plan  and 
objects  of  his  new  Journal  of  Crystallography  and  Mineralogy, 


Digitized  by  VjOOQIC 


Botany  and  Zoology,  168 

the  proposed  publication  of  which  has  already  been  announced  in 
this  Journal  (vol.  xii,  p.  152).  The  Zeitschrifl  will  fill  a  place 
hitherto  unoccupied  by  any  scientific  publication,  being  especially 
devoted  to  the  science  of  Crystallography  in  its  relation  particu- 
larly to  Mineralogy,  and  also  to  the  departments  of  Chemical  and 
Physical  Mineralogy.  It  will  thus  cover  the  whole  field  of  miner- 
alogy. Moreover,  in  addition  to  original  articles,  it  will  contain 
abstracts  of  all  mineralogical  papers  wherever  they  may  appear, 
aod  in  whatever  language,  and  tnus  become  a  complete  repertorium 
for  the  science.  To  carry  out  this  part  of  the  work,  certainly  not 
the  least  important,  the  editor  has  secured  the  cooperation  of  lead- 
ing active  mineralogists  in  England,  America,  Italy,  Denmark, 
Norway,  Russia,  Hungary,  Bohemia,  etc.  It  is  hence  evident 
that  the  Zeitschrift  will  be  a  most  invaluable  help  to  all  workers 
in  this  field  of  science ;  and  it  is  much  to  be  hoped  that  the  dis- 
tinguished and  energetic  editor  will  find  the  hearty  support  which 
he  deserves,  not  only  in  Germany,  but  in  all  countries  where  the 
science  is  cultivated.  It  will  be  published  in  octavo  numbers  of 
6  to  7  signatures,  commencing  with  January,  1877.  Each  volume 
will  bclude  six  numbers,  and,  with  the  accompanying  plates,  will 
cost  not  more  than  30  marks.  Authors  of  original  articles  will 
receive  free  twenty-five  extra  copies.  The  publisher  is  W. 
Engelmann  in  Leipzig. 

IIL  Botany  and  Zoology. 

1.  Ulothrix  zonata,  Ihre  geschlechtliche  und  ungeschlechtliche 
Fortpflamung;  Br.  Arnold  Dodkl. — This  paper,  which  fills  the 
greater  portion  of  the  fourth  part  of  the  tentn  volume  of  Prings- 
heim's  Jahrbtlcher,  is  an  important  contribution  to  our  knowledge 
of  sexuality  in  plants  in  its  simplest  phase.  In  spite  of  the 
methodical  arrangement  of  the  article,  it  is  elaboratea  with  such 
excessive  minuteness,  accompanied  occasionally  by  somewhat 
futile  speculation,  that  it  is  by  no  means  an  easy  task  to  read  it. 
This  is  to  be  regretted,  as  many  of  the  facts  brought  forward 
are  quite  curious.  The  genus  Ulothrix  belongs  to  the  order 
Zodsporece  in  which  the  reproduction  takes  place  by  means  of 
macrozoOspores  and  microzo5spores,  the  former  having  four  cilia 
and  one  germinative  spot  (the  name  given  to  the  reddish-colored 
dot  found  on  one  side),  the  latter  having  only  two.  The  former 
hodies  have  for  some  time  been  considered  non-sexual,  while  the 
latter  have  been  supposed  to  represent  sexual  organs  which  by 
their  union  form  a  body  with  four  cilia,  and  distinguished  from  the 
macrozoOspores  by  having  two  germinative  spots  instead  of  one. 
This  body,  which  is  called  the  zygospore,  corresponds  to  the  organ 
of  the  same  name  in  the  DesmideoB  and  Cotijugatoe  proper.  Dodel 
confirms  the  views  of  Areschoug,  Cramer  and  others,  that  the 
macrozo5spores  do  not  conjugate,  but,  after  losing  their  cilia  and 
coming  to  rest,  grow  at  once  into  a  new  plant.  lie  also  agrees,  in 
the  main,  with  Areschoug  as  to  the  conjugation  of  the  micro- 
aoOspores,  and  besides  has  been  able  to  give  a  more  exact  account 
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of  what  becomes  of  the  zygospores.  He  finds  that  they  remain  for 
a  considerable  time  unchanged,  and  finally  divide  into  a  number  of 
zoSspores,  which  soon  come  to  rest  and  grow  into  new  plants,  as  in 
the  case  of  the  macrozoSspores.  The  latter  it  appears  are  more 
common  in  winter  and  spring,  and  were  produced  abundantly  on 
thawing  tufts  which  had  been  frozen,  while  the  microzoSspores 
are  more  common  in  summer. 

The  most  curious  fact  observed  by  Dodel  is  that  those  micro- 
zo5spores  which,  for  any  reason,  do  not  succeed  in  conjugating, 
grow  at  once  into  new  plants  just  as  in  the  case  of  the  maero- 
zo6spores.  In  other  words,  the  sexual  process  is  reduced  to  the 
direct  union  of  two  bodies  so  similar  that  it  is  impossible  to  dis- 
tinguish one  as  male  and  the  other  as  female,  and  furthermore 
these  bodies,  if  not  placed  in  conditions  favorable  for  conjugating, 
can  at  once  grow  into  new  plants.  It  would  be  difficult  to  find 
sexuality  of  a  lower  grade  than  this,  where  each  sexual  organ  is 
also  capable  of  reproducing  the  plant  by  non-sexual  growth.  We 
would  recall  the  case  of  Murotium  herhariorum  mentioned  by  De 
Bary,  where,  of  the  several  male  organs  (pollinodia)  only  one  suc- 
ceeds in  coming  in  contact  with  the  female  organ,  yet  all,  after 
the  fertilization  has  taken  place,  continue  to  grow  and  take  part  in 
the  formation  of  the  sac  which  eventually  encloses  the  spores. 
With  very  rare  exceptions  in  the  Thallogens,  the  male  organ  at 
once  atrophies  after  fertilization  has  been  accomplished. 

w.   G.   F. 

2.  De  Coprdatione  Microzoosporarum  Enteromorphm  com- 
pre88f£,  (L.)  Scripsit  J.  E.  Aeeschoug,  ex  Botaniska  Notiser. 
1876.  >(0.  5. — In  their  Observations  sur  quelques  algues  poss^- 
dant  des  zoospores  dimorphes,  Janczewski  and  Rostafinski  called 
in  question  the  observations  of  Areschoug  in  which  he  maintained 
that  the  microzoOspores  of  Enter omorpha  compresaa  conjugated. 
In  the  present  paper  Areschoug  gives  a  detailed  account  of 
repeated  observations  of  the  conjugation  of  microzodspores  of 
Enteroinorpha  compressa  made  during  the  past  summer,  and  it 
would  appear  that  Janczewski  and  Rostafinski  had  been  too  hasty 
in  their  criticisms.  Areschoug  mentions  that  Wittrock  has  found 
zygospores  in  Hcematococcua  lacustris  {Protococcus  nivalis)  the 
existence  of  which  Rostafinski  denied.  w.  g.  f. 

3.  Professor  Sir  WyviUe  Thoinson  on  some  of  the  Echino- 
derms  of  the  "  Porcupine^^  and  "  Challenger*'^  Expeditions, — One 
of  the  recent  numbers  of  the  Transactions  of  the  Royal  Society 
of  London  contains  an  account  by  Professor  Thomson  of  the 
Echini  of  the  "  Porcupine."  The  most  interesting  portion  is  a 
full  description  with  excellent  figures  of  several  species  of  the 
new  family  of  Echini  with  flexible  test,  intermediate  between  the 
CidaridsB  and  Diadematidae,  the  genera  Thermosoiaa^  Caloeria 
and  Asthenosoma  constituting  the  family.  The  structure  of  the 
Echinothurise,  as  this  family  has  been  called  by  Sir  Wyville, 
throws  a  good  deal  of  light  on  the  affinities  of  the  extinct  Palae- 
echinidsB. 
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In  addition  to  the  Crinoids  noticed  by  Professor  Thomson  in 
one  of  his  former  preliminary  reports  addressed  to  the  Royal 
Society,  he  has  pubhshed  a  short  accoant  of  two  remarkable  gen- 
era belonging  to  the  family  of  Apiocrinidffl,  which  are  described  as 
Bathycrinvs  and  Hyocrinns^  the  former  from  a  depth  of  2476 
fathoms,  south  of  Cape  Clear,  the  latter  from  a  depth  of  1860 
fathoms,  300  miles  east  of  St.  Paul's  Rocks.  The  paper  is  illus- 
trated by  five  cuts,  and  forms  the  beginning  of  No.  66  of  the 
Journal  of  the  Linnean  Society  for  December,  1876.  Bathycrinus 
is  allied  to  Rhizocrinus^  while  Hyocrinua  has  a  superficial  resem- 
blance to  Poteriocrinvs  and  Cyathocrinua.  In  the  same  number 
of  the  Journal  of  the  Linnean  Society,  Sir  Wyville  Thomson  has 
given  a  most  interesting  account  of  the  direct  mode  of  propaga- 
tion in  a  number  of  Echinoderms,  showing  that  this  moae  of  re- 
production is  not  so  exceptional  among  Echinoderms  as  was  form- 
erly supposed.  The  direct  mode  of  reproduction  was  already 
known  m  all  the  orders  of  Echinoderms  (Holothurians,  Ophiurans, 
Stai-fishes,  Echini  and  ("rinoids).  It  liaa  however  been  supposed 
that  the  plutean  development  was  the  normal  mode  of  reproduc- 
tion among  Echinoderms,  although  the  complete  homology  be- 
tween the  direct  and  plutean  embryology  has  been  pointed  out  by 
several  writers  on  tne  Echinoderms.  The  sketch  referred  to 
shows  most  conclusively  that  this  view  was  correct  and  opens  a 
most  interesting  field  of  speculation  regarding  the  causes  which 
may  have  brought  about,  often  in  closely  allied!  genera,  one  or  the 
other  mode  of  reproduction.  It  is  somewhat  curious  that  the 
majority  of  cases  of  direct  reproduction  are  of  species  found  in 
the  northern  regions  of  the  old  world,  the  species  observed  by  Pro- 
fessor "Jliomson  are  all  from  the  Southern  Sea ;  Falkland  Islands 
( Cladoda^ctyla  crocea  Lessen,  Ooniocidaris  canaliculata  A.  Ag.) ; 
Heard  Island  (Prolus  shipper);  Kerguelen  Isls.  {Cidaris  ?itUrix 
W.  T.,  HemlasteTy  sp.  Archaater  excavatus  W.  T.,  HymenaBtery 
and  Ophiocoma  didelphys  W.  T.  These  species  are  all  figured 
with  the  young  as  they  are  carried  about  by  the  parent,     a.  ag. 

4.  Zoology  of  the  Challenger  Expedition. — The  editors  learn 
by  letter  from  Mr.  Alexander  Agassiz  (dated  Edinburgh,  Dec.  18) 
that  he  has  found  the  material  a  wonderful  collection,  and  was 
deeply  impressed  by  the  great  amount  of  it,  coming  as  it  mainly 
does  from  the  depths  with  which  we  formerly  associated  the  idea 
of  a  lifeless  desert  region.  He  also  gives  the  following  information 
respecting  the  publication  of  the  results.  "  The  Admiralty  is  to 
publish  the  results  and  the  collections  are  to  be  worked  up  by 
sundry  specialists:  Allman  the  Hydrozoa;  Busk  the  Polyzoa;  Dr. 
Mcintosh  the  Annelids ;  Thomson  himself  the  Crinoids  and  some 
of  the  Sponges,  the  balance  of  the  latter  by  O.  Schmidt ;  Hasckel 
the  Radiolaria;  Moseley  of  the  Challanger  the  Polyps ;  Murray 
who  was  on  the  Challenger  will  work  up  the  deep  sea  bottoms  and 
surface  animals  (Forammifera,  etc.) ;  Gflnther  the  Fishes.  Some 
of  the  groups  are  not  yet  determined  upon,  but  the  same  persons 
who  worked  up  the  "  Porcupine"  species  will  probably  have  charge 
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of  the  Challenger  coUectioii.  Youn^  Carpenter  will  work  u[)  the 
Comatnlse,  Lyman  will  have  the  Ophmrans,  and  I  shall  bring  orer 
with  me  the  Echini  and  perhaps  some  other  ^roup  of  Echinoderms, 
so  that  the  United  States  will  have  their  fair  share  of  the  worf 

6.  Rate  of  Ghrovoth  of  C\>rals, — A  remarkable  piece  of  coral, 
taken  off  the  sabmarine  cable  near  Port  Dai*win,  is  spoken  of  by 
the  Cocktown  Herald.  It  is  of  the  ordinary  species,  about  five 
inches  in  height,  six  inches  in  diameter  at  the  top,  and  about  two 
inches  at  the  base.  It  is  perfectly  formed,  and  the  base  bears  the 
distinct  impression  of  the  cable,  and  a  few  fibers  of  the  coir  rope 
used  as  a  sheath  for  the  telegraphic  wire  still  adhering  to  it.  As 
the  cable  has  been  laid  only  tour  years  it  is  evident  that  this 
specimen  must  have  grown  to  its  present  height  in  that  time, 
which  seems  to  prove  that  the  growth  of  coral  is  much  more 
rapid  than  has  been  supposed. — Melboume  paper. 

7.  Bulletin  of  the  NuUall  Omitholoyical  Club.  Editor,  J.  A. 
Allen;  Associate  Editors,  S.  F.  Baibd  and  Elliott  Coues. — 
The  November  number  closed  the  first  volume  of  this  excellent 
journal  It  contains  papers  by  E.  Ingersoll,  Dr.  J.  G.  Cooper,  R. 
Kidgeway,  J,  C.  Merrill,  M.D.,  U.S.A.,  and  T.  M.  Brewer,  besides 
notices  of  recent  publications  and  various  miscellaneous  notices. 

The  Journal  has  the  best  of  American  Ornithologists  among  its 
contributors,  and  is  afforded  at  the  low  rate  of  one  dollar  a  year 
(postage  included).  All  interested  in  Birds,  or  in  the  progress  of 
science,  will  find  the  small  sum  asked  for  subscription  a  good  out- 
lay. The  prospectus  states  that,  for  the  sake  of  sustaining  the 
Journal,  an  advertising  sheet  will  be  inserted,  and  low  rates  of 
advertisement  charged.  Subscriptions  should  be  forwarded  to 
Mr.  H.  B.  Bailey,  Newton,  Mass.,  and  communications  or  adver^ 
tisements  to  Mr.  J.  A.  Allen,  Museum  of  Comparative  Zoology, 
Cambridge,  Mass. 

IV.  Astronomy. 

1.  Meteor  of  Dec,  2Ut^  1876. — On  the  evening  of  Thursday, 
Dec.  21st,  1876,  a  meteor  of  unusual  size  and  brilliancy  passed 
over  the  States  of  Kansas,  Missouri,  Illinois,  Indiana,  and  Ohio. 
In  many  respects  it  is  worthy  of  special  record.  From  newspa- 
per noticf^s  that  we  have  been  able  to  collect,  from  a  few  private 
letters,  and  from  some  letters  kindly  sent  us  by  Pro€  Henry,  from 
the  Smithsonian  Institution,  we  are  able  to  give  a  general  account 
of  the  body. 

It  was  first  seen,  so  far  as  we  know,  over  the  State  of  Kansas, 
and  probably  as  far  west  as  the  center  of  the  State.  It  passed 
nearly  over  Jind  probably  south  of  the  cities  of  Topeka  and 
Leavenworth,  being  there  at  an  altitude  of  about  60  miles.  It 
crossed  the  Mississippi  between  Hannibal  and  Keokuk,  but  nearer 
to  the  former  place.  Over  the  center  of  the  State  of  Missouri  one 
or  more  explosions  occurred,  and  shortly  after  crossing  the  Missis- 
sippi it  broKe  into  several  fragments.  The  breaking  up  continued 
while  it  was  crossing  the  States  of  Illinois,  Indiana  and  Ohio.     A 
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loud  explosion  is  reported  as  far  east  as  Concord  and  Erie,  Pa. 
The  meteor  consisted  in  fact  of  a  large  flock  of  brilliant  balls 
chasing  each  other  across  the  sky,  the  namber  being  variously 
estimated  from  a  score  to  a  hundred.  This  flight  is  of  peculiar 
interest  in  view  of  the  long  continued  violent  disintegration. 

The  region  around  Chicago  was  overcast,  and  though  the  clouds 
were  lighted  up  in  a  most  remarkable  manner  no  sound  seems  to 
have  been  heard.  In  like  manner  no  sound  is  reported  from  8t 
Louis.  But  over  all  the  region  of  Central  Illinois  between  these 
two  cities  a  terrific  series  of  explosions  were  heard.  In  Keokuk, 
Ja.,  it  was  heard,  but  not  elsewhere  in  that  State  so  far  as  appears 
from  these  accounts.  A  rumbling  is  reported  as  far  south  of  the 
track  as  Bloomington,  Ind.,  120  miles  distant,  but  whether  it  was 
caused  by  the  meteor  is  doubtful.  Yet  over  the  northern  part  of 
Indiana  the  passage  of  the  body  was  followed  by  loud  explosions. 

Whether  a  portion  of  the  body  pursued  its  way  onward  over 
New  York  State  and  out  of  the  atmosphere  is  from  the  statements 
before  us  doubtful.  The  path  was  nearly  parallel  to  the  earth's 
surface  and  might  easily  be  in  its  latter  part  upward.  But  if  the 
sky  was  then  clear  over  western  New  York  the  meteor  would  in 
such  case  certainly  have  been  seen  in  that  region. 

The  path  was  about  N.  75^  £.,  and  was  nearly  or  quite  a  straight 
line  and  not  less  than  1,000  miles  long.  The  duration  of  flight 
was  of  course  variously  estimated,  from  fifteen  seconds  up  to  three 
minutes^  and  yet  no  one  probably  saw  the  body  through  more 
than  a  fraction  of  its  path. 

It  entered  the  air  in  a  course  differing  only  about  30**  from  the 
earth's  motion  and  was  overtaking  the  earth.  Its  real  motion  made 
therefore  a  still  smaller  angle  with  that  of  the  earth.  But  the 
relative  velocity  was  so  slow,  probably  not  over  ten  or  fifteen 
miles  a  second,  that  the  earth's  attraction  had  changed  its  direc- 
tion greatly.  It  must  have  been  coming,  previous  to  that  change, 
from  a  point  near  to  and  a  little  south  of  the  ecliptic  in  tne 
eastern  or  southern  part  of  the  constellation  Capricomus.  There 
appears  to  be  no  known  meteor-radiant  at  that  time  near  that  part 
of  the  heavens. 

Should  no  one  else  undertake  the  complete  discussion  of  this 
meteor,  we  may  treat  it  more  fully  in  a  future  number  of  the 
Journal.  We  shall  be  grateful  for  any  accounts  of  observers — 
especially  of  those  who  made  angular  measurements — whether  we 
shall  use  them  ourselves  or  place  them  in  the  hands  of  others  for 
reduction.  h.  a.  k. 

,  V.  Miscellaneous  Scientific  Intelligence. 

I.  Breua  Prite^  oftht  Turin  Academy  of  Sciences. — The  fund 
for  the  Bressa  pribse — instituted  by  the  bequest  of  M.  C^sar  Alex- 
andre Bressa,  Doctor  of  Medicine  and  Surgery,  who  died  in  1835 
— became  available  in  1876.  A  prospectus  issued  by  the  Royal 
Academy  announces  that,  in  carrying  out  the  will  of  the  testator, 
a  prize,  amounting  to  the  income  of  two  years,  will  be  given  in 
1879,  and  every  four  years  thereafter,  to  the  man  of  science,  of 
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whatever  country^  who  shall,  in  the  judgment  of  the  Academy,  have 
made,  during  the  preceding  four  years,  the  most  brilliant  and  use- 
ful discovery,  or  shall  have  published  the  most  celebrated  work, 
in  pure  or  applied  mathematics,  or  in  the  physical  sciences,  such 
as  physics,  chemistry,  physiology,  natural  history,  or  in  geology, 
patnology,  history,  geography  or  statistics;  and,  secondly,  the 
same  amount,  on  the  same  conditions,  in  1881,  and  every  four 
years  thereafter,  to  an  Italian  savant.  The  prize  will  not  be  given 
to  any  of  the  National  members  of  the  Academy,  resident  or  non- 
resident. The  amount  of  the  prize  given  in  1879  will  be  12,000 
francs. 

2.  Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian 
Institution  for  1875. — ^The  work  of  the  Smithsonian- Institution 
covers  a  wide  range  of  subjects  of  both  economical  and  scientific 
importance,  and  has  a  powerful  influence  for  good  on  the  welfare 
and  scientific  progress  of  the  nation.  As  one  example  we  cite  the 
fact,  stated  in  this  report,  that  the  department  of  the  Institution 
having  charge  of  fish-culture,  which  is  under  the  direction  of  Pro- 
fessor Baird,  distributed  in  the  years  1874,  1875,  of  young  shad, 
18,689,550;  of  Penobscot  salmoTi,  2,294,565;  of  California  salmon, 
4,581,340 ;  making  in  all  over  twenty-five  and  a  half  millions  which, 
with  the  distribution  during  the  winter  and  spring  of  1875-6,  of 
these  and  other  fishes,  make  a  total  of  forty  million  fish  supplied 
by  the  Commission  in  three  years.  The  Report  on  the  Museum 
shows  great  increase.  One  object  of  special  interest  acquired 
during  the  year,  is  the  Tuczon  meteorite,  presented  by  Dr.  B.  J. 
D.  Irwin,  U.  S.  A.  The  very  extensive  collections  displayed  by 
the  Smithsonian  Institution  at  the  International  Exposition  at 
Philadelphia  were  second  in  interest  to  none  there  exhibited. 
Very  much  of  the  credit  connected  with  it  is  due  to  Dr.  S.  F. 
Baird,  the  assistant  secretary  of  the  Institution,  who  gives  in  this 
volume  a  statement  of  the  general  scheme  of  arrangements. 

The  general  appendix  to  the  Report  contains  the  following 
papers, — Eulogy  of  Volta,  by  Arago  ;  The  probable  future  of  the 
Human  race,  by  A.  de  Candollk  ;  Report  on  the  Transactions  of 
the  Society  of  Physics  and  Natural  History  of  Geneva,  1873  to 
July,  1874;  Thei  "Past  and  Future  of  Geology,"  by  Joseph  Prest^ 
wiCH ;  Report  of  the  Special  Committee  for  the  Consideration  of 
the  Memoir  of  H.  G.  Wex  on  the  diminution  of  the  water  of  rivers; 
The  refraction  of  Sound,  by  Wm.  B.  Taylor;  On  the  organization 
of  local  Scientific  Societies,  by  Professor  Henry;  On  Ethnology: 
International  Code  oi  Symbols  for  Charts  of  Pre-historic  Archaeol- 
ogy, translated  by  O.  T.  Mason ;  Characteristics  of  Ancient  Man 
in  Michigan,  by  H.  Oilman  ;  The  Stone  Age  in  New  Jersey,  by 
Dr.  C.  C.  Abbott.  The  Ethnological  papers  are  illustrated  by  a 
large  number  of  figures  of  stone  implements,  skulls,  etc. 

3.  TTie  Theory  of  Sound  in  its  relation  to  Music  ;  by  Professor 
PiETRo  Blaserna,  of  the  Royal  University  of  Rome.  188  pp. 
12mo,  with  numerous  woodcuts.  New  Yorlc,  1876.  (D.  Appleton 
&  Co.) — ^This  is  a  popular  work  in  style  by  one  who  is  deeply 
versed  in  the  science  of  the  subject  of  which  it  treats,  and  knows 
how  to  present  its  principles  and  facta  briefly  and  clearly. 
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In  Memoriam. — ^Fielding  Bradford  Meek. 

The  readers  of  this  Journal  were  informed  in  the  January 
number  of  the  death  of  Mr.  F.  B.  Meek,  the  eminent  Paleon- 
tologist. He  died  at  Washington,  D.  C,  on  the  21st  of  Decem- 
ber, 1876,  having  only  a  few  days  before  completed  his  59th 
year.  He  had  been  in  ill  health  for  several  years  past,  and  in- 
deed almost  all  his  life,  for  his  malady  was  inherited  phthisis 
pulmonalls.  It  had  been  his  habit  for  several  years,  to  spend 
the  winter  in  Florida,  and  the  summer  months  in  the  Alleghany 
Mountains.  He  had  made  preparation  to  leave  Washington  for 
Florida  early  in  December,  but  was  taken  with  hemorrhage  of 
the  lungs  on  the  day  before  the  one  set  for  his  departure.  From 
this  attack  he  never  rallied,  but  gradually  sank  to  a  peaceful 
and  quiet  death.  During  his  last  sickness  he  was  constantly 
attended  and  cared  for  by  his  scientific  and  other  friends,  resi- 
dent in  the  city ;  and  when  the  end  came,  they  bore  him  to  his 
grave  with  sincere  sorrow. 

Mr.  Meek  was  born  in  the  city  of  Madison,  Indiana,  on  De- 
cember lOth,  1817.  His  grand  parents  were  Irish  Presbyterians, 
who  removed  from  the  county  Armagh  to  this  country  about 
the  year  1768,  and  finally  settled  in  Hamilton  county,  Ohio. 
His  father,  together  with  his  family,  removed  from  there  to 
Madison,  where  he  was  a  lawyer  of  considerable  eminence. 
The  family,  including  those  born  in  Madison,  consisted  of  the 
parents,  two  sons  and  two  daughters,  besides  Fielding,  all  of 
whom  were  dead  several  years  before  his  own  decease.  The 
father  died  when  the  son  who  was  to  become  so  distinguished 
was  only  three  years  old,  leaving  the  family  in  moderate  cir- 
cumstances. 
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His  early  youth  was  spent  in  the  city  of  his  birth.  His  educa- 
tion was  greatly  interfered  with  by  the  delicate  condition  of 
his  health.  Upon  reaching  manhood,  by  advice  of  his  friends 
and  against  his  own  inclination,  for  he  was  of  a  studious  and 
retiring  disposition,  he  invested  his  small  patrimony  in  mercan- 
tile business,  first  in  his  native  place,  and  afterward  in  Owens- 
boro,  Kentuckv.  The  result  was  financial  failure  and  loss  of 
all  he  possessed.  After  this,  while  laboring  for  his  support  and 
struggling  with  ill  health  and  poverty,  he  continued  his  studios, 
general  and  special,  for  he  began  early  to  devote  himself  to 
natural  history.  His  first  public  work  was  during  the  vears 
1848  and  1849,  and  was  performed  as  an  assistant  bf  Dr.  1).  D. 
Owen,  upon  the  United  States  Geological  Survey  of  Iowa, 
Wisconsin  and  Minnesota. 

Having  closed  this  work,  he  returned  to  his  home  in  Owens- 
boro ;  but  soon  after,  in  the  year  1862,  went  to  Albany,  New 
York,  as  assistant  to  Professor  Hall  in  the  paleontological  work 
of  that  State.  He  remained  there  until  1858,  saving  three  sum- 
mers. Two  of  these  summers  were  spent  on  the  Geological 
survey  of  Missouri ;  the  other,  that  of  1853,  in  exploring  the 
Bad-lands  of  Nebra.ska,  together  with  Dr.  F.  V.  Hayden,  both 
being  commissioned  by  Professor  Hall  for  that  work.  Three 
years  after  this  ejqploration,  he  prepared  for  publication,  in 
conjunction  with  Professor  Hiill,  an  important  memoir  on 
Cretaceous  fossils  from  Nebraska  This  was  published,  with 
illustrations,  in  1856,  in  the  Memoirs  of  the  American  Academy 
of  Arts  and  Sciences,  of  Boston. 

In  1858,  Mr.  Meek  left  Albany  and  took  up  his  residence  iu 
Washington,  where  he  resided  until  his  death.  During  all  this 
time,  he  made  his  home,  and  the  place  of  his  scientific  labors, 
except  when  in  the  field,  at  the  Smithsonian  Institution,  and  it 
was  within  its  halls  that  the  greatest  part  of  his  scientific  life- 
work  was  accomplished. 

The  association  which  he  formed  with  Dr.  Hayden  in  1858, 
was  tacitly  continued  until  Mr.  Meek  s  death.  When  Dr.  Hay- 
den commenced  his  explorations  in  the  Western  Territories, 
and  afterward  organizea  the  Geological  Survey  of  the  Rocky 
Mountain  region,  Mr.  Meek  was  entrusted  with  all  the  Inverte- 
brate paleontology,  much  of  which  appeared  under  their  joint 
names.  The  most  important  of  these  joint  publications  was 
the  "  Paleontology  of  tbe  Upper  Missouri,'*  published  by  the 
Smithsonian  Institution  in  1865,  and  admitted  bv  all  to'have 
been  the  most  thorough  and  exhaustive  work  of  the  kind  that 
had  been  produced  in  the  United  States.  During  the  contin- 
uance of  this  connection  with  Dr.  Hayden,  Mr.  Meek  accom- 
plished many  other  very  important  works.  Among  the  more 
noteworthy  of  these  are,  the  invertebrate  paleontology  of  the 
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Illinois  State  Geological  Survey  (published  jointly  with  the 
Director,  Mr.  A.  H.  Worthen);  that  of  the  Ohio  State  Geologi- 
cal Survey;  a  part  of  that  of  the  California  Survey;  that  of 
several  of  the  western  exploring  expeditions,  besides  those  of  ' 
Dr.  Hayden's  surveys  of  the  Territonea 

It  was  the  custom  of  Mr.  Meek  to  publish  preliminary  de- 
scriptions of  his  new  species,  and  afterward  elaborate  and  illus- 
trate the  subjects  for  final  publication.  These  preliminary 
papers  were  published  mainly  in  the  Proceedings  of  the  Phila- 
delphia Acaaemy  of  Natural  Science,  while  his  reviews,  and 
memoirs  on  the  higher  groups  were  largely  published  in  this 
Journal. 

Only  a  few  months  before  his  death  Mr.  Meek  finished  what 
he  considered  to  be  the  most  important  of  work  his  life,  namely : 
A  Report  on  the  Invertebrate  Cretaceous  and  Tertiary  Fossils  of 
the  Upper  Missouri  Country.  This  work  constitutes  volume 
IX  of  tne  quarto  series,  of  the  U.  S.  Geological  Survey  of  the 
Territories,  and  contains  more  than  600  pages  of  text,  and  45 
plates. 

Of  the  character  of  Mr.  Meek's  scientific  labors,  it  is  only 
nec^sary  to  speak  briefly.  Thoroughness,  scrupulous  exact- 
ness, and  nice  powers  of  discrimination,  are  manifested  in  all 
his  labors ;  and,  with  such,  merits,  his  works  will  shed  lustre 
upon  his  name  as  long  as  paleontology  shall  be  studied.  No 
one  in  America  has  done  more  than  he,  to  systematize  and 
advance  the  science  to  which  he  devoted  his  life. 

His  personal  character  cannot  be  too  highly  eulogized,  for  it 
was  without  a  blemish.  He  was  a  genial,  sincere,  pure-minded, 
honorable  man.  Gentleness  and  candor  were  apparent  in  every 
expression  of  his  face,  and  in  every  word  he  uttered ;  but  he  was 
self-reliant,  and  ready  at  all  times  to  stand  up  and  defend  what 
he  believed  to  be  right;  and  with  his  keen  sense  of  justice,  he 
was  seldom  mistaken  as  to  what  was  right.  He  was  never  in 
vigorous  health  and  often  ill ;  but  never  complaining,  always 
hopeful,  always  cheerful,  always  at  the  work  he  loved  so  well, 
always  helpful  of  others.  His  hearing  began  to  fail  in  early 
manhood,  and  the  affliction  increased  until  he  became  entirely 
deaf,  several  years  before  he  died.  Even  when  cut  off  from 
conversation  with  his  fellow  men  his  cheerfulness  did  not  forsake 
him ;  but  he  seemed  to  derive  great  pleasure  from  written  com- 
munication with  his  friends.  He  was  never  married,  and  leaves 
no  near  relatives ;  but  all  with  whom  he  was  ever  brought  in 
contact  will  remember  him  with  pleasure,  while  to  those  who 
were  permitted  to  enjov  scientific  intercourse  or  correspondence 
with  him  during  his  life,  his  memory  will  be  especially  dear. 

0.  A.  W. 
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Art.  XX. — Notes  on  the  Age  of  the  Rocky  Mountains  in 
Colorado;  by  A.  C.  Peale,  M.D. 

In  the  "  Report  upon  Geographical  Explorations  and  Surveys 
west  of  the  100th  Meridian,  in  charge  of  Lieut  Geo.  M. 
Wheeler,  vol.  iii,  Geology,"  Prot  John  J.  Stevenson,  on  the 
"Structure  and  age  of  the  Rocky  Mountain  System,"  in  Chap- 
ter XVII  of  his  report,  makes  the  following  statement  (p.  501): 
"The  Rocky  Mountain  system,  then,  is  the  result  of  four  es- 
pecially marked  upheavals,  the  first  at  the  close  of  the  Carbon- 
iferous, the  second  at  the  close  of  the  Trias,  the  third  at  the 
close  of  the  Cretaceous,  and  the  fourth  during  the  Tertiary. 
Of  these,  the  fii'st  and  third  were  the  most  general  in  their 
eflFects." 

These  conclusions  he  deduces  from  his  investigations  during 
the  season  of  1878,  in  the  "area  embraced  between  the  meridians 
of  105°  and  107°  west  from  Greenwich,  and  between  the  north 
latitude  89°  45'  and  the  southern  boundary  of  Colorado,  giving 
a  length  of  one  hundred  and  ninety  miles,  and  a  breadth  of 
about  one  hundred  and  six."     (p.  807.) 

My  duties,  as  one  of  the  Assistants  of  Dr.  Hayden's  Geologi- 
cal Survey  of  the  Territories,  have  taken  me  over  the  same 
area,  and  as  far  west  as  the  meridian  of  109°  40'.  From  my 
study  of  this  region,  and  the  results  of  the  work  of  my  col- 
leagues on  the  Survey,  I  am  led  to  conclusions  differing 
from  those  reached  by  Prot  Stevenson  in  regard  to  the  age  of 
the  Rocky  Mountains  in  Colorado.  The  data  obtained  are, 
however,  too  few  to  enable  us  to  extend  the  generalizations  to 
the  entire  Rocky  Mountain  system. 

The  first  statement  of  Prof.  Stevenson  that  I  shall  consider  is 
the  following.  "  The  first  great  epoch  of  accelerated  disturb- 
ance in  the  Rocky  Mountain  region,  resulting  in  permanent 
elevation  of  the  surface,  was  synchronous  with  that  during 
which  the  Appalachian  chain  was  completed."     (pp.  499,  600.) 

He  bases  this  statement  upon  the  following  facts  (?) : 

1st.  The  occurrence  of  Paleozoic  strata  high  up  on  the  flanks 
of  the  mountains  and  the  absence  of  the  Trias  in  the  interior, 
and  the  abutting  of  the  Cretaceous  against  the  Paleozoic,  (with 
the  exception  of  the  Elk  Mountains.)     p.  499. 

2d.  The  want  of  conform  ability  between  the  Paleozoic  rocks 
and  the  Mesozoic  rocks,     (p.  499.) 

I  will  take  these  up  in  order: 

1st.  The  occ^irrence  of  Paleozoic  strata  and  the  absence  of  the  Trias 
in  the  Interior.  I  use  the  name  Triassic  to  denote  the  Red  Beds 
that  have  been  so  called  generally  in  the  west  It  is  so  used  by 
Prof.  Stevenson.     Prof.  Stevenson  says,  (p.  499) :  "  In  the  in- 
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tenor*  no  rock  of  more  recent  origin  than  the  Carboniferous  is 
involved  in  the  main  axes."  Again  he  says,  (p.  495) :  "  In  the 
main  portion  of  this  second  group  (including  Blue  River  Range, 
Park  Range,  Sangre  de  Cristo  and  Spanish  Range,  and  Ar- 
kansas or  Saguache  {Sawatcli)  Range,  see  pp.  490,  491,)  no 
rocks  occur  of  later  date  than  the  Carboniferous,  which  with 
the  underlying  Silurian  maybe  traced  along  the  eastern  face 
to  the  Blue  River." 

On  the  west  side  of  South  Park,  the  sedimentary  formationsf 
are  present  from  the  Primordial  to  the  top  of  the  Cretaceous, 
all  conformable  and  dipping  to  the  eastward,  extending  from 
tbe  summit  of  the  Park  Range  eastward  into  South  Park.  I 
grant  that  on  the  summit  and  slopes  of  the  Range,  the  entire 
series  is  not  seen,  but  simply  because  the  range  has  been  sub- 
jected to  erosion.  At  some  places  only  Silurian  beds  are  seen 
and  at  othera  both  Silurian  and  Carboniferous.  Commencing 
at  the  summit  of  the  range  and  going  eastward  into  the  Park, 
we  find,  with  the  exception  of  faulting  in  the  Carboniferous 
and  Silurian  strata,  which  probably  occurred  in  Post  Cretaceous 
time  that  the  formations  succeed  each  other  in  regular  order. 
The  sequence  is  uninterrupted.  It  is  true  that  when  we  com- 
pare the  dip  of  the  Carboniferous  rocks  on  the  range,  with  the 
dip  of  the  Cretaceous  out  in  the  park,  that  it  is  not  precisely 
the  same,  but  we  must  remember  that  the  outcrops  are  tliree  or 
four  miles  apart  The  inclination  in  both  cases  is  in  the  same 
direction,  and  if  the  Cretaceous  beds  were  continued  to  the  sum- 
mit of  the  Range  as  they  did  originally,  we  should  find  them  con- 
formable to  the  Carboniferous;  and  were  we  to  sink  a  shaft  at 
the  base  of  the  Cretaceous  outcrop  in  the  Park,  we  should 
doubtless  note  the  conformability  of  the  Cretaceous  with  the 
underlying  Paleozoic  strata.  When  we  cross  the  upturned 
edges  of  the  strata  we  find  no  uncomfonnability.:|: 

Crossing  the  Park  Range  to  the  Arkansas  Valley,  we  find 
no  sedimentary  beds  on  the  eastern  front  of  the  Sawatch 
Range.  As  pointed  out  by  Dr.  Hayden§  and  myself  ||  in  1878, 
the  sedimentaries  of  the  Park  Range  once  extended  uninter- 
ruptedly to  the  Sawatch  Range,  but  have  been  removed  by 
erosion.  Prof.  Stevenson  is  himself  of  the  same  opinion.  He 
says  (p.  492) :  *'  It  is  clear  then  that  the  Paleozoic  i^ocks,  the 
same  with  those  found  on  the  Park  Range,  at  one  time  reached 
unbroken  from  South  Park  to  the  Arkansas  or  Saguache 
{JSovxitch)  Range.     How  terrible  was  the  erosion  which    not 

*  He  does  not  explain  what  he  means  bj  the  interior,  but  I  take  it  to  mean  the 
interior  of  his  district 

f  Wherever  I  speak  of  the  entire  sedimentary  series  I  mean  the  sedimentary 
series  as  known  in  the  West 

1  See  Report  of  U.  S.  Geol.  Survey  for  1813,  pp.  38-41,  pp.  212-239. 

8  Report  U.  S.  Geol.  Survey,  1873,  p.  39.  |  Ibid.,  p.  246. 
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only  cut  away  these  rocks  but  also  tore  out  and  removed  the 
metamorphic  rocks  to  a  depth  of  6,000  feet  along  this  valley  of 
the  Arkansas." 

He  restricts  the  sedimentaries  to  the  Paleozoia  Why  could 
not  this  erosion  have  removed  not  only  the  Paleozoic  but  also 
the  Mesozoic  strata  ?  When  we  go  to  the  north  end  of  the 
Sawatch  Range  we  find  the  entire  series,  from  Lower  Silurian 
to  Upper  Cretaceous,  present.  It  is  true  that  the  lower  strata 
project  beyond  the  upper,  the  latter  having  been  removed  by 
erosion.  Starting  at  one  of  the  Archaean  peaks  at  the  northern 
end  of  the  range  and  going  northward,  we  meet  Brst  with  a  bed 
of  quartzite,  probably  Primordial.  Tliis  forms  the  capping  of 
the  spur,  and  at  Eagle  River  disappears  from  sight  beneath  the 
beds  forming  the  bluffs  on  tlie  north  side  of  the  river.    In  the  up- 

r3r  portion  of  these  beds  which  are  conformable  to  the  quartzite, 
obtained,  in  1873,  Carboniferous  and  Permian  fossils.*  Fol- 
lowing the  outcrops  down  Eagle  River,  we  find  appearing,  one 
after  the  other,  the  other  members  of  the  series,  Trias,  Jura  and 
Cretaceous,  resting  on  the  Carboniferous  in  regular  order  and 
conformable. t  On  the  west  side  of  the  Sawatch  Range  the 
entire  series  is  again  seen  towards  the  north.:^  The  lines  of  out- 
crop can  be  traced  from  Eagle  River  to  the  Elk  Mountains. 
Between  the  Elk  Mountains  and  the  Sawatch  Range  there  is  a 
gap  occupied  by  the  Upper  Gunnison,  or  Taylor  River,  in 
which  the  Sedimentaries  are  absent  Were  it  not  for  the  Elk 
Range,  in  which  we  have  the  result  of  eruptive  action,  the 
sedimentary  rocks  would  be  seen  dipping  away  from  the 
Sawatch  Range  to  the  westward  and  becoming  horizontal  in 
the  plateau  region.  § 

The  upheaval  of  this  range,  with  the  subsequent  erosion, 
has  so  modified  the  beds  and  removed  so  much  material,  that 
it  is  difficult  at  first  sight  to  understand  the  relations  of  the 
sedimentary  series  to  the  metamorphics  of  the  Sawatch  Range. 
We  must  always  make  allowances  for  enormous  erosion  in  this 
region.  There  are  evidences  of  it  on  all  sides  in  the  Sawatch 
and  Elk  Mountains. 

In  Southwestern  Colorado  and  Northern  New  Mexico,  the 
Triassic  is  also  present  (See  Report  of  Macomb,  Greology,  b^ 
Newberry :  also  Cope,  pp.  981-1017,  Report  of  Chief  of  Engi- 
neers, Part  II,  for  1875.)  Mr.  Holmes  and  myself  have  also 
identified  the  Red  Beds  in  Western  and  Southwestern  Colorado, 
and  in  the  forthcoming  Reports  of  the  Survey  they  will  be 
described. 

I  think  I  have  shown  that  the  Red    Beds    (Triassic)  are 

•  Report  U.  S.  Geol.  Survey,  1873,  p.  245. 

f  Report  U.  S.  (Jeol.  Survey,  1874,  pp.  79-84. 

i  Report  U.  S.  GeoL  Survey,  1873,  pp.  246,  266.    Report  for  1874,  p.  80. 

§  Report  U.  S,  Geol.  Survey,  1874,  p.  54. 
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present  not  only  in  the  interior  but  also  west  of  the  mountains, 
and  that  where  the  Paleozoic  rocks  alone  show,  the  overljdng 
rocks  have  been  removed  bv  erosion. 

2d.  The  want  of  conformahility  hetween  the  Paleozoic  Rocks  and 
the  Mesozoic  Rocks,  I  have  already  noted  the  conformahility  of 
tiie  Paleozoic  and  Mesozoic  in  the  Park  Bange,  and  on  the 
north  and  west  sides  of  the  Sawatch  Bange.  Piol  Stevenson 
(pp.  886,  497,  499,  500)  notes  uncouformability  between  Meso- 
zoic and  Paleozoic  along  the  Eastern  Range,  (Front  or  Colorado 
RangCj)  on  the  interior  axes  of  elevation,  and  in  the  southern 
part  of  his  area,  in  the  San  Juan  Mountains,  and  near  Tierra 
Amarilla,  New  Mexico.  Speaking  of  the  Front  Range,  he 
says:  "Along  the  Eastern  Range  no  Carboniferous  rocks  were 
exposed  at  any  locality^  visited  by  me,  but  they  have  been  seen 
elsewhere  by  others.  They  must  be  quite  unconformable  to  the 
Trias,  as  it  overlaps  them  very  greatly."  Along  the  Front 
Range  the  Carboniferous  shows  only  where  the  overlying 
Triassic  has  been  eroded  away,  and  whatever  uncouformability 
there  is,  is  an  unconformability  of  subsidence  and  not  of  up- 
heaval. The  diflFerence  of  dip  between  the  Paleozoic  strata 
and  overlying  Mesozoic  is  caused  by  an  abrupt  fold  and  the 
erosion  of  portions  of  the  strata.  Prof.  Stevenson  does  not 
seem  to  remember  that  as  we  recede  from  the  axis  of  elevation 
the  dip  of  the  rocks  diminishes,  and  that  if  the  more  steeply 
inclined  portion  of  the  Mesozoic  rocks  be  removed,  as  we 
recede  from  the  mountains  we  meet  only  with  the  edges  of  the 
strata  where  they  are  becoming  horizontal,  and  that  the  older 
layers  below  also  flatten  out  in  the  same  manner.  I  have  already 
shown  the  conformahility  in  the  interior. 

In  the  reports  of  Dr.  Newberry*  and  Prof.  Cope.f  I  can  find 
no  evidences  of  the  unconformability  in  the  southern  portion 
of  the  San  Juan  Mountains  and  about  Tierra  Amarilla. 

Dr.  Endlich  saysj:  that  in  his  district,  **  although  the  Creta- 
ceous beds  dip  off,  apparently  uniformly,  in  the  same  direction 
(with  Carboniferous)  unconformabilities  were  noticed  in  several 
instances."  These  he  thinks  were  due  to  a  gradual  rising  of 
that  portion  which  was  then  land.  I  am  inclined  to  explain  it 
by  the  subsidence  which,  as  I  hope  to  show  farther  on,  occurred 
over  so  large  a  portion  of  what  is  now  Colorado. 

The  next  statement  of  Prof.  Stevenson  that  I  shall  consider 
is,  that  *'  The  second  epoch  of  elevation  began  toward  the  close 
of  the  Triassic."    (p.  500.) 

This  he  bases  on  the  unconformability  between  the  Trias  and 
the  Cretaceous,  which  he  observed  along  the  Eastern  Range  at 

*  In  MaoomVs  Beport  on  the  Exploring  Expedition  to  the  jonction  of  Grand 
and  Oreen  Rivers. 

{In  Beport  of  Chief  olEngineers,  Part  n,  1875. 
Beport  IT.  a  GeoL  Survey,  1874,  p.  215. 
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Golden,  near  Colorado  Springs,  and  near  Cafion  City  (pp.  490, 
500),  and  also  in  Huerfano  Park.  Near  Colorado  Springs  we 
have  the  following  section.*  Besting  on  the  Archaean  rocks 
are  Silurian  and  Carboniferous  rocks  dipping*  eastward  about 
lO**.  Going  eastward  we  next  meet  with  Triassic  red  sand- 
stones, standing  on  edge,  or  inclined  past  the  vertical  From 
the  Trias  to  the  Dakota  group  of  the  Cretaceous  the  dip  de- 
creases to  40^,  and  this  gradually  diminishes  eastward  until  at 
Monument  Creek  it  is  only  4°.  At  first  sight  there  would  appear 
to  be  unconformability,  especially  close  to  the  Mountains,  but 
the  beds  are  conformable,  and  the  varied  dips  show  the  presence 
of  an  abrupt  fold,  which  is  somewhat  obscured  by  the  subse- 
quent erosion.f  The  same  thing  occurs  near  Golden,  (see  section 
18  on  plate  opp.  p.  13«,  Report  U.  S.  GeoL  Survey,  1873.)  Mr. 
Marvine  says,^  **  Within  exceedingly  short  distances,  then, 
great  changes  of  dip  may  occur,  and  from  them,  with  but 
slight  changes  of  exposure,  unconformability  might  be  inferred. 
Yet  all  are  perfectly  conformable;  the  sudden  change  really 
indicating  only  a  very  abrupt  flexure  in  the  main  fold,  as 
indicated  by  the  dotteu  lines.  Near  Cafion  City,  neither  Dr. 
Hayden,  Dr.  Endlich,  Mr.  Holmes,  nor  myself  have  noted  any 
unconformability.  The  other  cases  are  probably  similar  to 
those  of  Golden  and  Colorado  Springs. 

What  I  now  wish  to  show  is  that  in  Colorado  the  evidence 
exists  that  there  was  a  subsidence  commencing  in,  or  prior  to 
the  Carboniferous,  and  continuing  through  the  Triassic,  Juras- 
sic, Cretaceous  and  into  the  Tertiary.  Tnis  may  have  been,  and 
doubtless  was  interrupted  by  oscillations,  but  the  general  move- 
ment was  depression  until  the  close  of  the  Cretaceous,  when 
there  were  probably  local  elevationa  A  general  gradual  eleva- 
tion of  the  whole  West  is  not  incompatible  with  local  depression 
in  Colorado.  There  are  evidences  that  the  upward  movement 
began  in  Cretaceous  time,  but  as  pointed  out  by  Dr.  Hayden 
and  Dr.  Newberry  the  elevation  of  the  Rocky  Mountains  took 
place  between  the  close  of  the  Cretaceous  and  that  of  the 
Miocene  Tertiary. 

From  a  study  of  the  Carboniferous  rocks  in  Colorado,  we 
learn  that  during  the  earlier  part  of  the  Carboniferous  age  deep 
seas  prevailed  with  large  continental  areas  or  islands.  As  the 
time  progressed  the  seas  became  shallower  and  encroached  more 
and  more  upon  the  land,  which  was  composed  mainly  of 
Archaean  rocts. 

The  Coal-measure  rocks  at  the  northern  end  of  the  Sawatch 
Eange  denote  in  their  structure,  the  proximity  of  land  during 

•  Report  of  U.  S.  Geol.  Soirey,  1873,  pp.  201-206. 

\  See  sections  opp.  p.  40,  Report  of  U.  S.  G^eoL  Sorvej,  1874. 

X  Report  of  U.  S.  GeoL  Survey,  1873,  p.  1,36.  • 
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their  deposition.  They  also  show  that  they  were  derived  from 
the  degradation  of  Archaean  rocks.*  West  of  the  Rio  Dolores, 
in  1876  and  1876,  I  noted  Upper  Carboniferous  rocks  resting 
on  the  Archaean,  and  in  the  lowest  bed,  which  was  a  coarse  con- 
glomerate, I  noted  large  angular  fragments  of  granitic  rock  ex- 
actly like  that  upon  which  the  bed  rested.  Ascending,  I  noticed 
the  beds  becoming  finer,  showing  that  the  shore  line  had 
advanced  to  the  eastward.  Farther  east  the  red  beds  (Trias) 
rest  on  the  Archaean  for  at  least  20  miles  (the  length  of  the 
Unaweep  Cafion)  and  probably  more,  with  no  older  sedimen- 
taries  between  them. 

In  New  Mexico,  Dr.  Newberry  found  the  Carboniferous  rocks 
resting  on  the  granite,  with  evidences  of  terrestrial  surfaces  near 
by  when  they  were  formed.f 

It  is  evident  therefore  that  there  was  Archaean  land  above 
the  level  of  the  Carboniferous  sea,  and  that  it  was  subsiding  as 
the  age  progressed. 

This  subsidence  continued  through  Mesozoic  time.  Along 
the  eastern  front  of  the  Colorado  or  Front  Range,  with  one  or 
two  exceptions  where  they  have  been  removed  by  erosion,  the 
Red  Beds  (Trias)  rest  upon  the  granite,  (see  Reports  of  1878.) 
At  the  base  of  the  series,  Mr.  Marvine  found  conglomerates  of 
which  he  says,  **It  is  in  these  lower  parts,  indeed,  that  the 
beds  are  so  directly  made  up  of  the  material  of  older  rocks 
near  by  tliat  a  very  little  metamorphism  has  in  some  instances 
made  it  difficult  to  distinguish  small  masses  of  sandstone  from 
the  underlying  granites.":]:  In  my  own  district,  south  of  Mr. 
Marvine's,  I  found  the  lower  bed  of  the  Trias,  a  light  colored 
conglomerate,  containing  pieces  of  unchanged  granite.  Above 
this  conglomerate,  the  sandstones  became  finegrained  and 
uniformly  red  in  color,§  showing  that  the  shore  line  had  pro- 
gressed westward.  In  South  Park  the  Red  Beds  nowhere  rest  on 
the  granite ;  for,  on  the  east  side,  the  Dakota  group  rests  on  it, 
while  on  the  west  side  the  Paleozoic  rocks  are  inter- 
posed as  I  have  already  stated.  Continuing  the  section  west- 
ward to  the  Elk  Mountains  we  again  find  Paleozoic  strata  be- 
neath the  Trias,  but  south  of  the  Elk  Mountains  both  the  Trias 
and  the  underlying  Paleozoic  are  absent,  and  the  Cretaceous  is 
superimposed  on  the  granite.  Following  down  the  Gunnison 
we  find  the  underlying  rocks  coming  in  gradually  until  the 
Red  Beds  show  resting  on  the  granite.  West  of  the  Elk 
Mountains,  between  the  Gunnison  River  and  the  Rio 
Dolores,  the  Trias  rests  on  the  granite,  gradually  thicken- 
ing as  we  go  westward.      No    lower    strata    are   seen  until 

*  Report  U.  S.  Geol.  Survey,  1873,  pp.  243-245,  and  Report  of  1874,  pp.  114-1 20. 
f  Report  EzpL  Bzped.  to  junotioD  of  Grand  and  Green  Rivers,  pp.  17  and  42. 
}  Report  U.  8.  GeoL  Survey,  1873,  p.  96.  §  Ibid.,  pp.  194,  196. 
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we  get  within  about  five  miles  of  the  Dolores,  when  Upper 
Carboniferous  strata  appear,  with  every  evidence  that  a 
shore  line  once  existed  there.  The  outcrop  of  Red  Beds 
resting  on  the  granite  is  exposed  to  view  continuously 
for  more  than  20  miles.  The  fact  that  the  Bed  Beds  thin, 
out  and  disappear  as  we  go  east,  and  that  the  Jui-assic  does  the 
same  until  the  Cretaceous  alone  rests  on  the  granite,  points  to 
the  fact  that  the  sea  was  graduallv  encroacning  on  the  land, 
and  there  must  have  been  a  subsidence  here  extending  into 
Cretaceous  time.  South  of  the  Gunnison  River  are  small 
areas  of  Archaean  rock  where  trachytic  flows  rest  upon  them 
with  no  sedimentaries  interposed,  and  in  others  the  Archaean 
rocks  project  through  the  trachyte  forming  isolated  granite 
hills. 

In  South  Park,  on  the  west  side  as  I  have  already  said,  the 
entire  series  of  sedimentaries  from  Primordial  to  the  top  of  the 
Cretaceous  is  present,  while  on  the  east  side  the  Dakota  group 
rests  on  the  granite.  Prof.  Stevenson  acknowledges  that  there 
was  subsidence  during  the  formation  of  the  Triassic  rocks,  as 
far  as  the  Front  Range  is  concerned.  He  sajrs,  (p.  500),  "  In 
this  region  there  was  a  subsidence  during  the  deposition  of  the 
Trias  which  aflFected  the  interior  little,  if  at  all,  for  over  the 
greater  portion  of  that  area  the  Trias  is  altogether  wanting." 
Again  he  says,  (p.  490),  "  In  South  Park  the  Cretaceous  rocks 
rest  directly  upon  metamorphic  rocks,  and  are  themselves  more 
or  less  altered.  At  no  locality  were  they  seen  resting  upon  any 
sedimentary  rocks  older  than  themselves."  I  have  shown  that 
Triassic  rocks  show  at  more  than  one  locality  in  the  interior. 
On  the  east  sidw  of  South  Park  the  Dakota  Group  rests  on  the 
granite,  with  shales  above  it  containing  well  defined  Cretaceous 
fossils.  On  the  west  side  the  Dakota  Group  rests  on  Jurassic 
shales,  beneath  which  are  the  massive  Red  Beds  of  the  Trias.* 

Under  the  head  of  Carboniferous,  Prof.  Stevenson  refers  to 
exposures  of  coarse  sandstones  and  siliceous  limestones  on  the 
west  side  of  the  Park  extending  8  miles  east  of  the  mountains, 
(p.  378),  and  under  the  head  of  Cretaceous  he  says,  "In  South 
Park  the  Cretaceous  rocks  occupy  a  synclinal  trough,  lying 
east  from  Fair-Play,  and  extending  from  the  mountams  at  the 
north  to  very  near  the  southern  boundary  of  the  park,  (p.  889)." 
He  does  not  appear  to  have  seen  the  Jura  and  Trias  oetween 
the  Cretaceous  and  Carboniferous  in  South  Park  (see  Reports 
U.  S.  Geol  Survey  for  1873),  or  if  he  did,  failed  to  recognize  it, 
as  I  can  find  no  reference  to  them  under  his  heading  Triassic 
and  Jurassic,  (pp.  878-382.) 

In  Middle  Park,  Mr.  Marvine  found  the  No.   1,  Cretaceous 

*  Report  U.  8.  GooL  Survey,  1869,  p.  79,  and  Report  for  1873,  pp.  38-47 
pp.  212-239. 
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(Dakota  Ghx>up)  resting  on  the  granite  on  both  sides  of  the 
Park.*  Following  these  outcrops  farther  north,  in  1874,  he 
found  both  Jurassic  and  Triassic  beneath  the  Cretaceous  on  the 
granite,  and  on  the  west  of  the  Park  Range  the  whole  series  of 
sedimentaries  is  presentf  Speaking  of  Middle  Park  he  says,:^ 
"As  was  first  distinctly  pointed  out  by  NewbeiTy  (Amer. 
Assoc,  Meeting,  Newport,  R.  L,  I860,  also  later  Proc.  Amer. 
Assoc.,  Aug.,  1873,  p.  185,  etc.),  east  of  the  range,  so  here  in 
the  Middle  Park,  the  general  aspect  of  the  formation  as  a 
whole  is  that  of  a  *  circle  of  deposition,'  an  encroaching  shore 
line  deposit  of  sandstones  attending  slow  submergence,  fol- 
lowed by  a  deeper  water  sediment  forming  slates  and  shales, 
but  not  reaching  sufficient  depth  or  attaining  the  proper  condi- 
tions to  develop  extended  limestone  deposits;  in  turn  followed 
by  a  shallowing  sea  wiih  more  arenaceous  accumulations." 
The  area  of  Middle  Park,  therefore,  must  have  been  above  the 
level  of  the  Triassic  sea,  whose  shore  line  was  north  of  the 
park  but  gradually  encroaching  on  it,  so  that  in  Cretaceous 
time  the  subsidence  was  sufficient  to  allow  the  deposition  of  the 
Cretaceous  rocks. 

Prot  Stevenson  says,  (p.  500),  *'  It  is  probable  that  following 
this  upheaval  \at  the  close  of  the  Trias']  an  extensive  subsidence 
took  place  over  our  whole  area  to  admit  of  the  deposition  of 
the  Cretaceous,  which  occurs  not  only  on  the  plains  but  along 
all  the  old  interior  synclinal  troughs  and  in  the  southwest 
region.  The  close  of  the  Cretaceous  was  marked  by  violent 
disturbance  throughout  the  greater  portion  of  our  area.  Along 
the  edge  of  the  plains  the  aip  of  tne  rocks  is  from  10°  to  20°, 
though  in  some  localities  the  action  was  excessive,  turning  the 
strata  on  edge  or  pushing  them  over  at  Golden  and  the  Garden 
of  the  Gods.  In  South  Park  a  well  defined  synclinal  was  pro- 
duced." 

By  referring  to  the  sections  in  the  Reports  of  the  U.  S.  Geol. 
Survey  for  1878  and  1874,  it  will  be  seen  that  the  Lower 
Tertiary  |  is  conformable  to  the  underlying  Cretaceous,  In 
South  Park  toward  the  northern  end,  in  1878,  I  found  Lower 
Tertiary  fossils  in  beds  resting  on  the  granite  toward  the  east.§ 
What  the  relations  were  to  the  Cretaceous  at  the  west  I  was  una- 
ble to  determine  on  account  of  volcanic  action.  At  some  points 
along  the  eastern  fi'ont  of  the  Colorado  Rfinge,  the  Lower  Tertiary 
overlaps  the  Cretaceous  and  rests  on  the  granite. T     In  Middle 

♦  See  aecticma  opp.  p.  192,  Report  U.  S.  Geol.  Survey,  1873. 
f  Unpublished  geoL  map  of  Colorado,  U.  S.  Gtool.  Survej. 

i  Report  U.  a  GeoL  Survey,  p.  166. 
It  is  best  to  state  here  that  by  Lower  Tertiary  I  mean  the  debatable  Lignitio 
Groop  wbidi  Prol  Stevenson  regards  as  Cretaceous. 

§  Report  n.  a  GeoL  Survey,  1873,  p.  219,  and  section  Fig.  1,  Plate  YI 
opp.  p.  212. 

1[  See  Ime  of  coal  outcrop  map  of  base  of  mountains  opp.  p.  40,  Report  17.  a 
Qed.  Survey,  1874. 
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Park  Mr.  Marvine  found  the  Lower  Tertiary  and  the  underlying 
Cretaceous  conformable  except  at  one  point*    In  southwestern 
Colorado  the  Cretaceous  and  Tertiary  appear  to  be  conformable, 
while  in  the  northwestern  part  of  the  state  the  strata  were 
apparently  conformable  from  the  base  of  the  Cretaceous  to  the 
middle  of  the  Miocene.     This  may  be  because  of  the  distance 
from  the  axis  of  elevation,  the  elevation  not  being  sufficient  to 
lift  the  area  above  the  sea-level  at  the  end  of  the  Lower  Ter- 
tiary.    I  have  no  evidence  in  any  of  my  districts  of  any  violmt 
action  at  the  close  of  the  Cretaceous.     The  apparent  uncon- 
formabilities  at  Golden  and  near  Colorado  Springs  1  have  already 
explained.     There  are,  however,  evidences  in  some  portions  of 
Colorado,  of  disturbance  toward  the  close  of  the  Cretaceous ; 
but  it  is  not  until  the  end  of  the  Lignitic  Period  that  we  find 
evidences  of  a  geological  break.f    There  was  probably,  as  indi- 
cated by  Hayden  and  Newberry,  an  elevation  commencing  in 
early  Tertiary  time,  for  the  marine  deposits  of  the  Tertiary 
change  gradually  to  fresh-water  deposits  as  we  ascend,    but 
there  was  no  marked  action  until  the  close  of  the  Lignitic. 
There  must  have  been  a  subsequent  depression,   for  east  of 
South  Park  near  Florissant,  we  find  Miocene:^  strata  resting  on 
granite,  with  no  older  beds  beneath,§   and  on  the  Colorado 
divide,  the  Miocene  rests  ou  the  granite  of  the  Front  Range 
and  on  the  upturned  edges  of  older  strata.     The  lowest  beds 
here,  also,  were  evidently  made  from  the  material  derived  from 
the   adjacent   mountains     In   Middle   Park,   Marvine    found 
Tertiary  beds  resting  on  the  granites  and  on  Cretaceous  shales, 
occupying  all  the  lower  basins.     "Near  the  borders  of  these 
areas  these  beds  often  plainly  show  that  their  material  was 
derived  from  the  adjacent  rock,  often  being  of  coarse  gran- 
itic or  schistose  dibris^  or  of  the  lignitic  sandstones  worked 
over.^'ll  -      ^ 

From  what  I  have  written,  I  think  it  is  evident  that  in 
Colorado,  at  the  close  of  the  Carboniferous,  instead  of  an  eleva- 
tion there  was  subsidence  commencing  at  some  period  prior  to  the 
close  of  the  Carboniferous,  and  continuing  through  the  Triassic, 
Jurassic,  and  Cretaceous  into  Tertiary  time. 

At  the  close  of  the  Trias  we  have  no  evidence  of  a  second 
epoch  of  elevation.  The  close  of  the  Cretaceous  was  not 
marked  by  violent  disturbance. 

I  agree  with  Prof.  Stevenson  that  during  the  early  Tertiary 
time  there  was  great  volcanic  activity  in  Colorado. 

*  Report  U.  8.  Gool.  Survey,  1873,  p.  156. 

{Report  U.  8.  GooL  Survey,  1873,  p.  167. 
By  Miocene  I  mean  beds  of  the  age  of  the  Green  River  formation  lying  below 
the  Bridger  Group. 
S  Report  U.  a  Geol.  Survey,  1873,  p.  210. 
I  Report  U.  S.  GeoL  Survey,  p.  167. 
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The  following  conclusions  are,  I  think,  fairly  deduced  from 
the  facts  as  noted  in  Colorado: 

1st  In  very  early  time  in  Colorado  there  was  Archsean  land 
rising  above  the  Paleozoic  sea.  As  the  Carboniferous  age  pro- 
gressed this  land  diminished  by  encroachment  of  the  sea,  due  to 
subsidence  of  the  land.  This  subsidence  continued  through 
Triassic,  Jurassic,  and  Cretaceous  time  into  the  early  Tertiary. 

2d.  At  the  close  of  the  Lignitic  there  was  a  physical  break 
followed  by  a  subsidence  (at  least  locally)  and  subsequently  by 
elevation,  after  the  deposition  of  the  Miocene  strata. 

3d.  The  elevation  of  the  Rocky  Mountains  as  we  now  see 
them  in  Colorado,  is  the  result  of  an  elevation  commencing  in 
early  Tertiary  time,  and  continuing  through  the  period,  accel- 
erated perhaps  at  tbe  close  of  the  Lignitic,  and  after  the  de- 
position of  at  least  Lower  Miocene  strata.* 

The  elevation  of  the  mountains  was  probably  gradual  as  a 
general  movement 

It  is  an  interesting  Gact  that  Colorado  has  a  higher  mean 
elevation  than  any  other  State  or  Territory  of  the  United 
States,f  and  that  we  find  there  the  highest  mass  of  mountains, 
and  that  the  evidence  points  to  the  fact  that  in  Paleozoic  time 
also  we  had  here  one  of  the  highest  areas,  thus  confirming 
what  Dr.  Newberry  has  alreadv  intimated,:^  ^^^^  the  outlines  of 
the  western  part  of  the  North  American  Continent  were  out- 
lined from  earliest  Paleozoic  time. 


Abt.  XXI. — On  some  Points  in  connection  with  Vegetation  ;  by 
Dr.  J.  n.  GiLBEBT. 

[Ck)iicluded  from  page  111.] 

Is  the  nitrogen  combined  under  the  influence  of  the  soil  with  or 
without  the  aid  of  manures,  the  source  oftlie  assimilated  nitrogen  f — 
But  if  the  plant  itself  cannot  either  assimilate  free  nitrogen,  or 
effect  its  combination  so  as  to  bring  it  into  a  state  for  its  use, 
may  not  such  combination  take  place  under  the  influence  of 
the  soil? 

More  than  thirty  years  ago,  Mulder  argued  that  in  the  last 
stages  of  decomposition  of  organic  matter  in  the  soil,  hydrogen 
was  evolved,  and  that  this  nascent  hydrogen  combined  with 
the  free  nitrogen  of  the  air,  and  so  formed  ammonia. 

*  Thifl  elevatioD  is  probablj  going  on  at  present  also. 

f  list  of  Elevations,  by  H.  Gkuinett,  U.  S.  Geol.  Sunrey,  Miscel.  pub.  No.  1,  3d 
edition,  p.  47. 

X  See  Ives  Exploring  Expedition,  GeoL  Rep.,  p.  47,  also  p.  67  of  Macomb's  Ex- 
ploring Expedition  to  the  junction  of  Grand  and  Green  Bivers. 
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A  few  years  ago  Deh^rain  substantially  revived  this  view. 
He  maintained  that  at  a  certain  depth  the  air  of  the  soil  is  poor 
in,  or  destitute  of,  oxygen ;  that  hydrogen  is  evolved  from  the 
decomposing  organic  matter;  that  it  unites  with  free  nitrogen 
to  form  ammonia;  and,  that  so,  combined  nitrogen  increases 
in  the  soil  in  spite  of  the  growth  and  removal  of  crops.  This 
view  he  supports  by  some  laboratory  experiments. 

It  is  obvious  that  if  the  reality  of  this  action  in  soils  were 
unquestionably  established,  it  would  greatly  aid  the  solution 
of  the  question  we  are  discussing.  There,  are,  indeed,  results 
of  others  on  record  which  would  seem  to  lend  it  probability. 

Thus,  Bretschneider  found,  on  exposure  of  a  mixture  of 
humic  acid  and  quartz  sand  to  the  air  for  a  whole  jrear,  under 
conditions  in  which  it  was  protected  from  rain  and  insects,  that 
there  was  a  gain  of  combined  nitrogen  which  would  represent 
an  increase  of  more  than  40  lbs.  per  acre. 

Again,  Boussingault  exposed  a  moist  garden  soil  for  three 
months,  and  found  a  small  gain  of  nitrogen.  His  explanation, 
was,  however,  different  He  supposed  it  possible  that  ozone 
might  be  evolved  in  the  oxidation  of  organic  matter  in  the 
soil,  and  unite  with  free  nitrogen,  and  so  nitric  acid  be  pro- 
duced, and  the  soil  gain  in  combined  nitrogen.  In  other  ex- 
periments Boussingault  put  mixtures  of  vegetable  mould  and 
pure  sand  in  small  quantities  in  large  glass  vessels  which  he 
perfectly  closed  and  preserved  in  a  dark  cellar  for  a  whole 
year.  At  the  end  of  that  period  oxidation  of  organic  matter 
bad  taken  place,  nitric  acid  was  found,  but  there  was  upon  the 
whole  a  small  loss  of  combined  nitrogen.  Lastly  in  regard  to 
Boussingault's  results  bearing  upon  this  point,  it  has  already 
been  shown  that  in  all  of  his  experiments  with  plants  in  which 
his  soils  consisted  of  ignited  pumice,  ignited  bnck,  or  the  like, 
without  organic  matter,  he  found  no  gain  of  combined  nitro- 
gen in  soil  and  plant  In  1858  and  1859,  however,  he  made  a 
number  of  experiments  on  growth,  in  which  part  of  the  soil 
consisted  of  rich  garden  mould ;  and  in  two  cases  with  lupins 
growing  in  confined  air,  and  in  one  with  haricot  growing  in 
free  air,  his  results  showed  a  notable  gain  of  combined  nitro- 
gen: and  although  the  quantity  of  garden  mould  employed 
was  not  the  same  in  the  three  cases,  the  gain  of  nitrogen  was 
approximately  in  proportion  to  the  amount  of  soil  used.  The 
gam  was,  indeed,  in  the  soil  rather  than  in  the  plant  In  the 
other  experiments,  however,  either  much  less,  or  no  gain  was 
indicated. 

Much  more  recently,  Boussingault  has  published  the  results 
of  experiments  which  showed  that  when  a  garden  soil  was  con- 
fined for  about  eleven  years  in  closed  glass  vessels  in  an  atmos- 
phere containing  oxygen,  the  free  nitrogen  did  not  serve  for 
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the  formation  of  nitric  acid  within  it ;  but,  on  the  contrary,  the 
soil  lost  a  portion  of  its  combined  nitrogen* 

Since  the  delivery  of  this  lecture,  M.  Berthelot  (Compt 
Bend.,  t  Ixxxii,  p.  1857)  has  stated  that  in  experiments  in 
which  be  expos^  moistened  cellulose  to  an  electric  current  in 
an  atmosphere  of  nitrogen,  he  found  nitrogen  taken  up,  and  a 
iSxed  nitrogenous  body  formed.  Referring  to  the  last  men- 
tioned experiments  of  M.  Boussingault,  and  his  conclusions 
from  them,  M.  Berthelot  objects  that  the  soils  being  in  closed 
glass  vessels,  the  intervention  of  atmospheric  electricity  was 
excluded,  and  the  conditions  of  the  experiments  were,  so  far, 
unlike  those  of  a  natural  soil. 

Being  very  desirous  to  know  the  present  opinion  of  M. 
Boussingault  on  the  various  points  involved  in  this  important 
question  of  the  sources  of  the  nitrogen  of  vegetation,  1  wrote 
to  him  shortly  after  undertaking  to  give  this  address,  and  asked 
whether  he  would  be  kind  enough  to  favor  me  with  a  state- 
ment of  his  views  on  certain  points.  Unfortunately  his  reply 
did  not  reach  me  until  after  the  delivery  of  the  lecture ;  but, 
with  his  permission,  I  am  now  enabled  to  contribute  a  very 
valuable  addition  to  the  discussion  in  the  form  of  a  translation 
of  the  more  essential  parts  of  M.  Boussingault's  letter.  He 
says: — 

'*  (1.)  In  confined  stagnant  air,  or  in  air  moving  through  a 
closed  apparatus,  aftec  previous  purification,  but  still  contain- 
ing carbonic  acid,  plants  growing  in  a  soil  destitute  of  nitro- 
genous manure,  but  containing  tne  mineral  substances  indis- 
pensable for  the  vegetable  organism,  do  not  assimilate  the 
nitrocen  which  is  in  a  gaseous  state  in  the  atmosphere." 

"  (2.)  In  the  open  air,  in  a  soil  destitute  of  nitrogenous  man- 
ure, but  containing  the  mineral  substances  necessary  for  the 
vegetable  or^nism,  plants  acquire  very  minute  quantities  of 
nitrogen,  arising,  no  doubt  from  minute  proportions  of  fertiliz- 
ing nitrogenous  ingredients  carried  by  the  air,  ammoniacal 
vapors,  and  dust,  always  containing  alkaline  or  earthy  nitrates." 

**(8.)  In  confined  stagnant  air,  or  in  air  renewed  m  a  closed 
apparatus,  a  plant  growing  in  a  soil  containing  a  nitrogenous 
manure,  and  mineral  substances  necessary  for  the  vegetable 
organism,  or  in  fertile  vegetable  earth,  does  not  assimilate  free 
nitrogen." 

"(4)  In  field  culture,  where  dung  is  applied  in  ordinary 
quantities,  analysis  shows  that  there  is  more  nitrogen  in  the 
crops  than  was  contained  in  the  manure  applied." 

"This  excess  of  nitrogen  comes  from  the  atmosphere,  and 
from  the  soil." 

"(A.)  From  the  atmosphere,  because  it  furnishes  ammonia 
in  the  form  of  carbonate,  nitrates  or  nitrites,  and  various  kinds 
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of  dust  Theodore  de  Saussure  was  the  first  to  demonstrate 
the  presence  of  ammonia  in  the  air,  and  consequently  in 
meteoric  waters.  Liebig  exaggerated  the  influence  of  this 
ammonia  on  vegetation,  since  he  went  so  far  as  to  deny  the 
utility  of  the  nitrogen  which  forms  a  part  of  farmyard  manure. 
This  influence  is,  nevertheless,  real,  and  comprised  within 
limits,  which  have  quite  recently  been  indicated  in  the  remark- 
able investigations  of  M.  Schldsing.*' 

**(B.)  From  the  soil,  which,  besides  furnishing  the  crops 
with  mineral  alkaline  substances,  provides  them  with  nitrogen, 
by  ammonia,  and  by  nitrates,  which  are  formed  in  the  soil  at 
the  expense  of  the  nitrogenous  matters  contained  in  diluvium, 
which  is  the  basis  of  vegetable  earth ;  compounds  in  which 
nitrogen  exists  in  stable  combination,  only  becoming  fertilizing 
by  the  effect  of  time..  If  we  take  into  account  their  immensity, 
the  deposits  of  the  last  geological  period  must  be  considered  as 
an  inexhaustible  reserve  of  fertilizmg  agents.  Forests,  prairies, 
and  some  vineyards,  have  really  no  other  manures  than  what 
are  furnished  by  the  atmosphere,  and  by  the  soil.  Since  the 
basis  of  all  cultivated  land  contains  materials  capable  of  giving 
rise  to  nitrogenous  combinations,  and  to  mineral  substances, 
assimilable  by  plants,  it  is  not  necessary  to  suppose  that  in  a 
system  of  cultivation  the  excess  of  nitrogen  found  in  the  crops 
is  derived  from  the  free  nitrogen  of  the  atmosphere.  As  for 
the  absorption  of  the  gaseous  nitrogen  of  the  air  by  vegetable 
earth,  I  am  not  accjuainted  with  a  single  irreproachable  obser- 
vation that  establishes  it ;  not  only  does  the  earth  not  absorb 
gaseous  nitrogen,  but  it  gives  it  oflF,  as  you  have  observed  in 
conjunction  with  Mr.  Lawes,  as  Reiset  has  shown  in  the  case  of 
dung,  as  M.  Schlosing  and  I  have  proved  in  our  researches  on 
nitrification." 

"  If  there  is  one  fact  perfectly  demonstrated  in  physiology, 
it  is  this  of  the  non-assimilation  of  free  nitrogen  by  plants ; 
and  I  may  add  by  plants  of  an  inferior  order,  such  as  myco- 
derms,  and  mushrooms." 

Numerous  experiments  of  Schlosing  indicate  a  similar  result 
to  that  last  quoted  of  Boussingault  He  selected  a  soil  rich  in 
humus,  containing  about  16  per  cent  of  moisture,  and  0*268 
per  cent  of  combined  niirogen.  Known  quantities  of  it  were 
placed  in  large  wide  ^lass  tubes,  and  during  a  period  of  about 
four  months,  he  aspirated  over  them  air  containing  respec- 
tively from  1*5  to  21  per  cent  of  oxygen.  He  determined  the 
carbonic  acid  in  the  air  passing  off,  and  the  nitric  acid  in  the 
soil  before  and  after  the  experiment  He  found  that  both  the 
combustion  of  the  organic  matter,  and  the  formation  of  nitric 
acid,  were  very  considerable,  even  with  the  lowest  proportion 
of  oxygen  in  the  air ;  but  that  the  formation  of  the  nitric  acid 
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in  particular  was  very  much  the  greater,  the  larger  the  propor- 
tion of  oxygen  in  the  air. 

In  a  secoud  set  of  experiments,  he  used  the  soil  in  a  moister 
condition  ;  and  instead  of  the  experimeut  in  which  the  air  con- 
tained only  1-6  of  oxygen,  he  employed  pure  nitrogen;  and 
the  experiments  extendSi  over  a  period  of  about  six  months. 
In  the  case  in  which  the  aspirated  air  contained  no  oxygen, 
the  whole  of  the  nitric  acid  previously  existing  in  the  soil  dis- 
appeared ;  but  in  the  other  cases  there  was  a  considerable  for- 
mation of  nitric  acid. 

In  a  third  set  of  experiments,  Schlosing  determined  the 
nitric  acid  in  the  soils,  and  added  known  quantities  of  potas- 
sium nitrate  in  a  dilute  solution.  The  mixture  was  enclosed 
in  a  flask  of  several  times  the  capacity  of  the  volume  of  soiL 
At  the  conclusion  of  the  experiment  only  traces,  if  any,  of  gas 
containing  hydrogen  and  carbon  were  present  in  the  air  of  the 
vessel.  The  amount  of  ammonia  in  the  soil  increased  con- 
siderably, but  in  only  small  proportion  to  that  which  the  nitric 
acid  would  yield.  At  the  end  of  the  first  experiment  more 
potassium  nitrate  was  added,  and  an  atmosphere  of  known 
volume  and  composition  supplied.  At  the  conclusion  of  this 
experiment  the  soil  contained  no  nitric  acid:  the  amount  of 
ammonia  was  increased,  but  again  in  only  small  proportion  to 
the  amount  which  the  nitrate  would  yield.  There  was  indeed 
a  loss  of  total  nitrogen  in  the  soil. 

Schlosing  concludes  that  the  combustion  of  organic  matter 
in  the  soil  is  accompanied  by  a  loss  of  nitrogen :  that  the  com- 
bustion may  be  at  the  cost  of  the  air  as  in  the  experiment  of 
Boussingault,  or  at  the  cost  of  nitrates,  of  ferric  oxide,  or  of 
the  oxygen  of  organic  matter,  as  in  his  own  experiments. 

It  will  be  seen  that  on  this  important  point  of  whether  or 
not  the  soil  may  acquire  combined  nitrogen  either  in  the  form 
of  ammonia  by  the  combination  of  free  nitrogen  with  nascent 
hydrogen  evolved  in  the  decomposition  of  organic  matter  in 
defect  of  oxygen,  or  in  the  form  of  nitric  acid  by  the  oxyda- 
tion  of  free  nitrogen,  the  evidence  is,  to  say  the  least,  conflict- 
ing. The  more  recent  results  of  Boussingault,  and  those  of 
Schlosing,  would,  however,  indicate  a  greater  probability  of  a 
loss  of  combined  nitrogen,  and  evolution  of  free  nitrogen. 

Judging  of  the  prooabilities  by  reference  to  some  of  the  re- 
sults of  our  own  investigations,  we  think  that  they  are  rather 
against  than  in  favor  of  the  supposition  that  there  is  any 
material  gain  of  the  kind  assumed  by  Mulder  and  Deh^rain. 
It  may  be  well,  however,  briefly  to  call  attention  to  some  few 
facts  which  seem  to  bear  upon  the  point,  whether  in  favor,  or 
otherwise,  of  the  view  in  question. 

Ak.  Joub.  Sci.— Thibd  Sbbiss,  Vol.  Xm,  Na  7&~Mabch,  1877. 
13 
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The  action  assumed  by  Mulder  and  Deh^rain,  if  it  have 
place  at  all  in  soils  in  their  natural  condition,  would  be  sup- 
posed, and  is  assumed,  by  Deh^rain,  to  occur  in  layers  suf- 
ficiently deep  to  be  poor  in  oxygen.  In  the  lower  layers  of 
the  soil  there  is,  however,  a  deficiency  of  carbonaceous  organic 
matter  also.  Again,  if  such  formation  of  ammonia  do  take 
place,  it  is  probable  that  some  at  any  rate  of  it  must  be  oxi- 
dized into  nitric  acid ;  a  condition  which,  on  the  other  hand, 
implies  an  atmosphere  not  poor  in  oxygen.  Thus,  numerous 
results  of  analysis  of  the  drainage  water  from  many  of  the  ex- 
perimental plots  at  Rothamsled,  to  which  further  reference  will 
be  made  presentW,  show  that  nearly  the  whole  of  the  combined 
nitrogen  in  the  drainage  collected  at  a  depth  of  about  thirty 
inches,  exists  as  nitrates  and  nitrites  ;  whicn,  obviously,  would 
hardly  be  the  case  if  the  solution  passed  through  a  considera- 
ble layer  of  soil,  the  interstices  of  which  contained  an  atmos- 
phere poor  in,  or  destitute  of,  oxygen. 

Again,  assuming  such  formation  of  ammonia  to  take  place  in 
the  upper  layers  of  the  soil,  where  there  is  the  most  organic 
matter,  and  much  oxidation  of  it,  the  supposition  would  be 
that  the  conditions  would  favor  oxidation  rather  than  the  for- 
mation of  ammonia  from  free  nitrogen  ;  and  the  fact  of  the 
formation  of  a  good  deal  of  nitric  acid  by  the  oxidation  of 
nitrogenous  organic  matter,  or  ammonia,  in  the  surface  soil, 
is  sufficiently  established. 

Further,  if  it  were  to  the  action  assumed  by  Mulder  and 
Deh6rain  taking  place  in  the  upper  layers  of  the  soil  that  we 
owe  the  supplies  of  combined  nitrogen  available  to  leguminous 
and  other  plants  which  assimilate  so  much  more  of  it  over  a 
given  area  than  the  Graminese,  the  question  may  be  asked — 
why  cannot  the  GraminesB  avail  themselves  of  this  superficial 
supply?  On  this  point  it  may  be  mentioned  that,  on  some 
parts  of  the  experimental  wheat  and  barley  fields  at  Rotham- 
sted,  farm-yard  manure  has  been  applied  year  after  year,  for  a 
quarter  of  a  ct^ntury  or  more,  in  quantity  containing  perhaps 
SIX  or  seven  times  as  much  nitrogen  as  is  removed  in  the  in- 
crease of  crop,  and  that  thus  the  percentage  of  nitrogen  in  the 
surface  soil  has  been  more  than  doubled.  Yet,  as  large  a  pro- 
duce of  barley,  and  a  larger  produce  of  wheat,  is  annually 
obtained  by  the  use  of  very  mucn  smaller  quantities  of  nitrogen, 
as  ammonia-salts  or  nitrata  It  would  thus  appear  that  the  ni- 
trogen of  the  farm-yard  manure  was  only  available  to  the  cereals 
after  its  transformation  into  ammonia  or  nitric  acid.  Unfortu- 
nately, we  are  not  at  present  able  to  adduce  direct  experimental 
evidence  as  to  the  condition  in  which  the  large  amount  of  ineffi- 
cient nitrogen  exists  in  the  soil,  or  as  to  whether  a  leguminous 
crop  would  or  would  not  grow  luxuriantly  in  it,  but  there  is 
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little  doubt  that  it  woald  do  so.  Od  the  other  hand,  a  good 
crop  of  clover  would  appear  to  be  attainable  in  soil  comparatively 
poor  in  nitrogen  in  its  upper  layers,  and  comparatively  poor  in 
organic  matter  also ;  for,  in  the  experiments  already  referred  to 
in  which  barley  was  grown  after  barley  and  after  clover,  the 
large  amount  oi  clover  obtained,  and  nitrogen  assimilated  in  it, 
was  after  six  com  crops  grown  by  artificial  manure  alone  ;  con- 
ditions under  which  the  amount,  both  of  available  nitrogen,  and 
of  organic  matter,  in  the  upper  layers  of  the  soil,  would  be  sup- 
posed to  be  comparatively  small 

The  answer  oi  Deh^rain  would  probably  be,  that  under  the 
circumstances  supposed,  the  nitrogen  would  be  in  a  condition 
of  combination  not  favorable  for  assimilation  by  the  Graminese ; 
that,  in  fact,  the  ammonia  formed  would  combine  with  organic 
acids  in  the  soil,  yielding  compounds  specially  favorable  as  food 
for  the  Leguminosfle.  An  objection  to  this  view  is,  that  if  the 
accumulation  in  the  soil  by  time,  of  nitrogen  in  a  condition 
specially  favorable  for  the  LeguminossB  were  such  as  is  here 
assumed,  we  should  expect  the  amount  of  nitrogen  in  the  soil, 
determinable  by  the  soda-lime  process,  to  be  higher  before  than 
after  the  growth  of  a  leguminous  crop ;  whereas,  on  the  contrary, 
after  the  growth  of  a  leguminous  crop,  the  amount  of  nitrogen 
so  determinable  in  the  upper  layers  of  the  soil  is  very  apprecia- 
bly increased. 

The  evidence  in  favor  of  the  supposition  that  the  special 
source  of  nitrogen  to  the  Leguminosse  is  ammonia,  or  other 
compounds  than  nitric  acid,  in  the  upper  layers  of  the  soil,  is 
then,  to  say  the  least,  inconclusive  It  remains  to  consider 
whether  it  may  not  be  nitric  acid,  either  in  the  soil  or  in  the 
subsoil  ? 

As  already  said,  there  is  abundant  evidence  of  the  formation 
and  existence  of  a  considerable  amount  of  nitric  acid  in  surface 
soils;  even  in  such  as  contain  a  relatively  high  amount  of  car- 
bonaceous and  nitrogenous  orranic  matter.  For  example,  a 
soil  at  Rothamsted  which  has  been  under  garden  cultivation, 
and  as  such  probably  manured  almost  every  year  for  centuries, 
has  successfully  grown  clover  every  year  for  more  than  twenty 
years.  This  soil  was  shown  by  the  late  Dr.  Pugh,  and  has 
been  again  recently  by  Mr.  Warington,  to  contain  a  consider- 
able amount  of  nitric  acid.  But  such  a  soil  would,  there  is  no 
doubt,  grow  large  crops  of  Qraminese  also ;  which  direct  ex- 
periments show  to  attain  great  luxuriance  under  the  influence 
of  artificially  applied  nitrates.  But  such  a  rich  garden  soil 
contains  an  abundance  of  every  thin^ — mineral  constituents, 
carbonaceous  organic  matter,  and  combined  nitrogen  in  various 
forms,  and  thus  the  exact  conditions  which  it  supplies  favor- 
able to  the  Leguminos»  cannot  at  once  be  discriminated. 


Digitized  by  VjOOQIC 


188      J.  H.  OiJbert — Points  in  co7inectton  with  Vegetation, 


The  fact  of  the  comparatively  little,  or  at  least  uncertain  action 
of  directly  applied  nitrates  on  the  growth  of  the  Leguminosae, 
would  seem  to  be  inconsistent  with  the  supposition  that  it  is 
the  nitric  acid  in  such  a  surface  soil  that  has  given  it  its  special 
adaptation  for  the  growth  of  clover  for  so  many  years — unless, 
indeed,  it  be  the  case,  that  it  is  much  more  available  to  such 
crops  when  in  combination  with  some  bases  than  with  others. 

The  next  point  to  consider  is,  whether  there  are  any  facts  in 
favor  of  the  supposition  that  clover,  and  leguminous  crops 
generally,  acquire  any  material  proportion  of  their  nitrogen  in 
lower  layers,  and  in  a  more  extended  range  of  the  soil,  than 
the  GraminesB.  As  an  element  in  the  discussion  of  this  ques- 
tion, it  will  be  well  in.  the  first  place  to  call  attention  to  the 
eflPects  of  direct  nitroffenous  manures,  such  as  ammonia-salt,  or 
nitrates,  on  the  growth  of  some  of  our  crops. 

In  Table  VIII  is  shown  the  estimated  amounts  of  carbon, 
yielded  per  acre  per  annum,  in  wheat  over  twenty  years,  in 
barley  over  twenty  years,  in  sugar-beet  over  three  years,  and 
in  beans  over  ei^ht  years;  each  with  a  complex  mineral 
manure  alone,  and  each  with  the  same  mineral  manure  and 
given  quantities  of  nitrogen  in  addition,  supplied  in  some  cases 
in  the  form  of  ammonia-salts,  and  in  others  as  nitrate.  The 
gain  of  carbon  by  the  use  of  the  nitrogenous  manure  is  also 
given. 


Table  Vni.— . 


yidd  and  gam  of  Carbon  per  acrt,  per  armwrn^  in  experi" 
mental  Orops  at  Rothamsied, 


Manuring,  QnantitleB  per  acre,  per  annum. 

Arerage  Cai1>on 

per  acre, 

per  annum. 

Actual  1   Gain. 

Wheat  20  years,  1862-1871. 

Complex  M|Tie»Tfcl  Mnnnrft   __      ^ ^^^    ,    ^ 

Ibt. 

988 
1590 
2222 
2600 

iba. 

602 
1234 
1612 

Complex  Min.  Man.  and  41  lbs.  nitrogen,  as  ammonia 

Complex  Min.  Man.  and  82  Iba  nitrogen,  as  ammonia 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  nitrate 

Barley  20  years,  1852-1871. 

IComplex  Mineral  Manure 

1138 
2088 

1150 

Sugar-Beet  3  years,  1871-1873. 

Complex  Mineral  Manure 

1136 
2634 
3081 

1498 
1945 

Complex  Min.  Man.  and  82  lbs.  nitrogen^  as  ammonia 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  nitrate 

Beans  8  years,  1862  and  1864-1870. 

Complex  Mineral  Manure 

726 
992 

266 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  nitrate 
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It  is  quite  evident  that  in  the  case  of  the  gramineous  crops, 
wheat  and  barley,  which  contain  a  comparatively  low  per- 
centage of  nitrogen,  and  assimilate  a  comparatively  small 
amount  of  it  over  a  given  area,  and  also  in  that  of  the  sugar- 
beet  there  was  a  greatly  increased  amount  of  carbon  assimi- 
lated by  the  addition  of  nitrogenous  manure  alone.  In  the 
case  of  the  wheat,  there  is  much  more  effect  from  a  given 
amount  of  nitrogen  supplied  as  nitrate,  which  is  always  applied 
in  the  spring,  than  from  an  equal  quantity  as  ammonia-salts, 
which  are  applied  in  the  autumn,  and  are  subject  to  winter 
drainage.  There  is  also  more  effect  from  ammonia-salts 
applied  to  barley  than  to  wheat ;  the  application  being  made 
for  the  former  in  the  spring  and  for  the  latter  iu  the  autumn. 
There  is  again  more  enect  from  the  nitrate  than  from  the 
ammonia-salts  when  applied  to  sugar-beet,  the  application 
being  made  in  both  cases  at  the  same  date,  in  the  spring. 

On  the  other  hand,  the  effect  of  the  nitrogenous  manure 
upon  the  highly  nitrogenous  bean  crop  is  seen  to  be,  compara- 
tively, very  insignificant. 

In  reference  to  this  point,  it  should  be  observed  that  there 
has  been  this  greatly  increased  assimilation  of  carbon  in  the 
wheat  and  in  the  barley  for  more  than  twenty  vears,  without 
the  addition  of  any  carbon  to  the  soil  It  is  indeed  certain 
that,  in  the  existing  condition  of  our  soils,  the  increased  growth 
of  our  staple  and  starch-yielding  grains  is  greatly  dependent 
on  a  supply  of  nitrogen  to  the  soil.  It  is  equally  certain  that 
the  increased  production  of  sugar  in  the  gramineous  sugar- 
cane, in  the  tropics,  is  likewise  greatly  dependent  on  the  supply 
of  nitrogen  to  the  soil. 

In  reference  to  the  great  increase  in  the  assimilation  of  car- 
bon in  the  sugar-beet  by  the  use  of  purely  nitrogenous 
manures,  it  may  be  of  interest  to  observe  that  over  the  three 
j^ears  of  the  experiments  with  sugar-beet,  the  increased  produc- 
tion of  sugar  per  acre  per  annum  was  about  20  cwts.  by  the 
use  of  82  lbs.  of  nitrogen  per  acre  per  annum  as  ammonia-salts, 
and  about  28  cwts.  by  the  use  of  82  lbs.  of  nitrogen  as  nitrate 
of  soda. 

It  is  then  our  characteristically  starch  and  sugar-producing 
cro|)S  that  are  the  most  characteristically  benefited  by  the 
application  of  nitrogenous  manures;  while  our  highly  nitro- 
genous leguminous  ci'ops  are  comparatively  little  benefited  by 
such  manures. 

Proportion  of  nitrogen  of  manure  got  hack  hy  the  increase  of 
crops, — But  now  let  us  consider  what  is  the  proportion  of  the 
nitrogen  supplied  in  manure  that  we  get  back  in  the  increase 
of  the  crops  that  are  most  specially  benefited  by  its  use? 

In  Table  IX  is  shown  the  amount  of  nitrogen  recovered,  and 
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the  amount  not  recovered,  in  the  increase  of  crops  for  100  sup- 
plied in  manure,  to  wheat,  and  to  barley,  respectively;  the 
result  being  in  each  case  the  average  over  a  period  of  twenty 
years. 

Table  IX. — Nitrogen  reooveredj  and  not  recovered^  in  the  increaae  of  Produeey  for 
100  supplied  in  Mamure, 


Manuring,  qoantlties  per  Acre,  per  annom. 


For 

100  Nitrogen  In 

Mnnnre. 


Recov- 
ered In 
Incr*ee. 


MotBe> 
coTered 

In 
Inor^e. 


Whmt  20  years,  1852-1871. 

32-4 
32-9 
45-3 

67-6 
671 
54-7 

Complex  MiD.  Man.  and  82  lbs.  nitrogen,  as  ammonia 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  nitrate 

\                             Barley  20  years,  1852-1871. 

Complex  Min.  Man.  and  41  lbs.  nitrogen,  as  ammonia 

48-1 

61-9  1 

1 

Speaking  generally,  it  may  be  said  that,  nothwithstanding 
the  great  effects  produced  by  the  nitrogenous  manures,  two- 
thirds  of  the  nitrogen  supplied  were  unrecovered  in  the  increase 
of  crop  when  the  ammonia-salts  were  applied  to  wheat;  the  ap- 
plication being  made  in  the  autumn.  VVhen,  however,  nitrate 
of  soda  was  used,  which  is  always  applied  in  the  spring,  the 
quantity  left  unrecovered  was  not  much  more  than  half  that 
supplied.  With  barley  also,  the  manuring  for  which  takes 
place  in  the  spring,  there  is  again  nearly  half  the  nitrogen  sup- 

f)lied  in  the  manure  recovered  in  the  increase,  and  therefore 
ittle  more  than  half  left  unrecovered. 

It  may  be  observed  that,  in  the  case  of  root-crops,  when  the 
supply  of  nitrogen  is  not  excessive,  the  proportion  of  the  nitro- 
gen of  the  manure  recovered  in  the  increase  may  be  much  greater 
than  in  the  case  of  the  cereals;  while  in  the  case  of  the  Legu- 
minosse  the  effects  of  such  direct  application  of  soluble  nitro- 
genous manures  to  the  surface  soil  is  comparatively  so  small, 
and  so  uncertain,  that  it  would  be  useless  to  give  an  estimate 
of  the  amounts  recovered  and  not  recovered  respectively. 

But  what  becomes  of  the  one-half  or  two-thirds  of  the  nitro- 
gen supplied  for  the  increased  growth  of  the  cereals,  but  not 
recovered  in  the  increase  of  crop?  Dr.  Frankland  and  Dr. 
Voelcker  have  made  numerous  analyses  of  the  drainage  water 
from  the  experimental  wheat  plots  which  have  yielded  the  results 
above  referred  to,  and  a  summary  of  their  results  is  given  in 
Table  X. 
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Tablb  X.— Mlrtyen  as  Nftratea  and  NibrUes,  per  100,000parfe  of  Drainage  Water 
from  Plata  diffBrently  manured^  in  the  EJaperimental  Vfheat  Field  at  RoOiaimsted^ 
Wheat  every  year,  commencing  1844. 


Ifannrlng, 
QunUttet  per  acre,  per  ftonam. 


Fann-jard  Manure 

Without  Manure 

Complex  Mineral  Manure 

Complex  Min.  Man.   and  41   lbs. 

nitrogen,  as  ammonia 

Comi^ex  Min.  Man.  and  82  lbs. 

nititigen,  as  anunonia 

Complex  Min.  Man.  and  123  lbs.  I 

nitrogen,  as  ammonia " 

Complex  Min.  Man.  and  82  lbs. 

nitrogen,  aa  nitrate 


Nitrogen  m  Nltr»tee  and  Kltrttet,  per  100^ 
parts  Drainage  Water. 


Dr.  Frankland'a  Dr.  Voe1cker*t 
Beaolta.  BeeolU. 


Bzperl- 


0*922 
0-316 
0-349 

0793 
1-477 
1-961 
1-039 


Mean. 


Experi- 
ments. 

2 

5 

6 


1-606 
0-390 
0-506 

0-863 
1-400 
1-679 
1*835 


Expert- 

meats. 

6 

11 

11 

11 

11 
11 
10 


1-264 
0-363 
0-428 

0-823 
1-439 
1-816 
1-437 


The  figures  in  the  Table  conclusively  show  that  the  quantity 
of  nitrogen  as  nitrates  per  100,000  parts  of  the  drainage  water, 
increased  in  very  direct  proportion  to  the  increase  in  the  amount 
of  ammonia  or  nitrate  supplied,  and  it  is  obvious  that  there  has 
been  a  considerable  loss  of  the  nitrogen  of  the  manures  by 
drainage.  But  as  the  subsoil  rests  upon  chalk  not  many  feet 
below  the  surface,  and  there  is,  therefore,  natural  drainage  con- 
stantly going  on,  even  when  there  is  no  flow  from  the  pipes,  it 
is  impossible  accurately  to  estimate  the  total  amount  of  drainage, 
and  therefrom  the  total  amount  of  loss.  Other  experiments  at 
Rothamsted,  however,  lead  to  the  conclusion  that,  according  to 
season,  from  one-quarter  to  nearly  one-half  of  the  annual  rain- 
fall may  pass  below  40  inches.  Now,  supposing  drainage  water 
to  contain  one  part  of  nitrogen  as  nitrates  per  100,000  parts  of 
water,  an  inch  of  rain  passing  beyond  the  reach  of  the  roots 
would  carry  with  it  2i  Ids.  of  nitrogen  per  acre ;  and  it  is  obvi- 
ous that  if  from  seven  to  ten  inches  passed  annually  of  that  av- 
erage strength,  the  loss  would  be  very  great  In  reference  to 
this  point  it  is  of  much  interest  to  observe,  that  in  the  Report 
of  the  River's  Pollution  Commission  already  referred  to,  Dr. 
Frankland  gives  a  series  of  analyses  of  land  drainage  waters 
collected  at  Rothamsted,  at  depths  of  twenty,  forty,  and  sixtv 
inches,  respectively ;  and  those  collected  at  twenty  inches,  al- 
most invariably  show  much  more  nitrogen  as  nitric  acid  than 
those  taken  at  either  forty  or  sixty  inches.  It  would  thus  ap- 
pear to  be  indicated  that  a  considerable  amount  of  nitric  acid 
has  been  arrested  in  the  soil  below  the  depth  of  twenty  inches. 
Farther,  determinations  of  nitrogen  in  the  soils  do  show  some 
accumulation.  Indeed,  it  would  appear  probable,  that  the  whole 
of  the  nitrogen  applied  to  the  wheat  as  ammonia  salts  or  nitrate 
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of  soda,  was  either  recovered  in  the  increase  of  crop,  or  may  be 
accounted  for  by  determinable  accumulation  within  the  sou,  or 
by  loss  by  dminage. 

In  ordinary  agriculture,  the  amounts  of  soluble  nitrogenous 
manures  applied  would  generally  be  much  less  than  in  some  of 
these  special  experiments ;  and  the  losses  by  drainage  would 
from  that  cause  alone  be  proportionately  less  than  that  shown 
above.  Much,  obviously,  would  also  depend  upon  the  charac- 
ter of  the  soil  and  of  the  subsoil.  Again,  in  an  ordinary  rota- 
tion of  crops,  more  of  the  supplied  nitrogen  would  probably  be 
gathered  up  before  it  reachea  the  lower  layers,  than  in  the  case 
of  a  cereal  crop  grown  year  after  year  on  the  same  land.  It 
may  be  safely  concluded,  however,  that  whenever  cereals  were 
grown,  a  material  proportion  of  the  nitrogen  specially  applied 
to,  or  existing  in  the  soil,  which  would  be  available  to  other 
crops,  would  not  be  so  to  them ;  but  would  in  the  first  instance 
accumulate  in  the  surface  soil,  and  gradually  pass  into  the  lower 
layers  in  the  form  of  nitrates,  to  be  eventually  lost  by  drainage 
if  not  arrested  by  some  other  crop. 

The  question  obviously  arises,  whether  we  have  not  here  a 
source  of  some  at  least  of  the  nitrogen  available  to  l^uminous 
or  to  other  plants  having  possession  by  their  roots  of  a  greater 
range  of  subsoil  than  the  GraminesB.  We  have  evidence  enough 
that  although  wheat  and  barley  send  roots  down  very  deep  into 
the  subsoil,  and  pump  up  moisture  from  the  deeper  layers,  they 
nevertheless  derive  mucn  of  their  nitrogen  within  the  surface 
soil,  if  the  LeguminossB  do  not  so  readily  do  so,  or  at  any  rate 
naturally  depend  more  upon  the  nitrogen  in*  the  lower  layers 
for  a  considerable  proportion  of  that  which  they  require,  and 
moreover  are  able  to  avail  themselves  of  the  residue  from  the 
manuring  for  other  crops,  what  is  the  nature  of  the  problem 
that  we  may  have  to  solve  to  elucidate  this  point? 

By  way  of  illustration  it  may  be  mentioned  that,  supix)sing 
a  l^uminous  crop  to  acquire  100  lbs.  of  nitrogen  per  acre  from 
a  layer  of  subsoil  three  feet  in  thickness,  weighing  approxi- 
mately 10,000,000  lbs.  (exclusive  of  stones  and  water),  this 
would  represent  only  "001  per  cent  of  nitrogen  so  acquired  in 
such  subsoil ;  200  lbs.  of  nitrogen  per  acre  so  available  would 
represent  002  per  cent,  and  so  on.  Now,  even  supposing  that 
the  nitrogen  existed  in  the  subsoil  in  such  a  condition  as  to  be 
converted  into  ammonia  in  the  process  of  combustion  with  soda- 
lime,  the  difference  between  one  subsoil  containing  this,  or  even 
a  larger  amount  of  nitrogen,  more  than  another,  could  not  with 
certainty  be  determined  by  that  process ;  for,  in  taking  say  15 
or  20  grams  of  the  subsoil  for  combustion,  the  difference  be- 
tween two  or  more  determinations  could  not  be  expected  to  be 
less  than  some  units  in  the  third  decimal  place  (per  cent) ;  that 
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is,  in  fact,  equal  to  the  total  amount  that  may  be  in  question  as 
between  two  subsoils  to  be  compared.  Further,  if  this  avail- 
able nitrogen  exist  in  the  subsoil  as  nitrates,  it  may  be  a  ques- 
tion whether  there  would  be  a  sufficient  amount  of  organic 
matter  present  to  insure  the  evolution  as  ammonia  of  the  nitro- 
gen of  the  nitric  acid. 

It  has  been  shown,  then,  that  there  are  many  questions  still 
open  for  investigation  in  regard  to  the  relations  of  the  surface 
soil  to  combined  nitrogen ;  and  there  are  obviously  also  equally 
important  points  to  investigate  in  regard  to  the  nitrogen  of  the 
subsoil,  before  we  can  hope  to  arrive  at  a  satisfactory  solution 
of  some  of  the  problems  which  the  consideration  of  the  facts  of 
vegetable  production  which  have  been  adduced,  suggest  for 
enquiry.  Nor  are  the  problems  still  open  connected  with  the 
amount,  and  the  condition,  of  the  mineral  food  of  plants  within 
the  soil,  either  few,  or  without  special,  and  independenb  interest. 
And  although  those  relating  to  the  nitrogen  seem  to  call  for 
the  first  attention,  the  marked  efiects,  so  fer,  of  potash  manures, 
in  increasing  the  amount  of  nitrogen  assimilated  over  a  given 
area  by  the  LeguminossB,  seem  to  indicate  the  probability  that 
even  the  difficulties  connected  with  the  sources  of  the  nitrogen 
of  our  crops  may  not  be  solved  without  further  knowledge  as 
to  the  required  conditions,  or  the  actions,  of  the  incombustible 
or  mineral  constituents  in  soils. 

More  eoctended  investigation  required, — Our  results  in  regard 
to  the  variations  in  the  amount  of  nitrogen  in  the  soils  and  sub- 
soils of  our  different  experimental  plots,  obtained  by  the  soda- 
lime  process,  together  with  the  results  already  referred  to,  re- 
lating to  the  composition  of  the  drainage  water  from  plots 
variously  manured,  as  well  as  others  of  quite  a  diflFerent  kind, 
have  shown  the  absolute  necessity  for  an  extended  investigation 
of  the  soil  question  by  more  exact  methods ;  and  Mr.  Warington 
is  about  to  devote,  probably  some  years,  to  this  enquiry  at 
Rothamsted.  It  is  proposed  that  the  questions  relating  to  the 
nitrogen  in  subsoils  should  be  the  nrst  considered,  since,  if  the 
results  do  throw  light  upon  some  of  the  points  at  present  in 
doubt,  a  definite  step  in  advance  will  be  so  gained ;  and  should 
they  not  do  so,  the  ground  will  thus  be  cleared  of  certain  obvi- 
ous suppositions,  and  the  course  of  further  research  will  be  the 
more  clearly  indicated.  But  if  the  amount  of  nitrogen  to  be 
discriminated  should  prove  to  be  represented  by  only  units  in 
the  third  decimal  place  per  cent,  say  -002  for  example,  it  is  ob- 
vious that  to  get  as  little  as  four  milligrams  involved  in  the 
analysis.  200  grams  of  soil  would  have  to  be  operated  upon. 
The  difficulties  of  the  problem  are  thus  sufficiently  obvious. 
But,  by  the  aid  of  the  processes  of  water  and  gas  analysis  which 
have  been  explained  by  the  President  in  his  opening  address, 


Digitized  by  VjOOQIC 


194      J.  H.  OUbert — Points  in  connection  with  Vegetation. 

there  is  little  doubt  that  they  can  be  overcome,  at  any  rate  so 
far  as  the  nitrogen  existing  as  nitric  acid  is  concerned ;  and  by 
the  kindness  ofDr.  Frankland,  Mr.  Warington  is  at  the  present 
time  gaining  experience  in  the  use  of  those  methods,  in  the  lab- 
oratory of  the  College  of  Chemistry,  before  entering  upon  this 
special  investigation  at  Bothamsted. 

But  even  supposing  we  arrive  at  a  satisfactory  solution  of 
the,  at  present,  unsettled  points  in  regard  to  the  sources  of  the 
nitrogen  yielded  in  agricultural  production,  when,  as  in  the 
experiments  to  which  attention  has  been  directed,  we  have  a 
soil  to  work  upon  which  already  contains  accumulations  of  com- 
bined nitrogen  amounting  to  several  thousands  of  pounds  per 
acre  within  the  range  of  the  roots  of  our  crops,  further  questions 
in  regard  to  the  nitrogen  may  still  be  left  open,  namely, — to 
what  actions  a  large  proportion  of  the  existing  combined  nitro- 
gen may  be  attributed ;  and  what  in  particular  is  the  exact 
source  of  the  accumulations  of  it  in  our  soils  and  subsoils  ?  And 
here  it  may  be  observed,  in  passing,  that  determinations  made 
at  Rothamsted  have  shown  approximately  the  same  percentage 
of  nitrogen  in  the  Oxford-clay  obtained  in  the  recent  Sub- Weal- 
den  exploration  boring  at  a  depth  of  500  and  600  feet,  and  in 
the  subsoil  at  Rothamsted,  taken  a  depth  of  about  4  feet  only. 

It  is  not  within  the  scope  of  the  present  discourse  to  discuss 
fully  what  is  known  of  the  actual  or  possible  sources  of  the 
already  existing  combined  nitrogen,  the  special  object  of  the 
enquiry  being,  as  intimated  at  the  commencement,  to  bring  to 
view  the  facts  relating  to  the  yield  of  nitrogen  in  agricultural 
production,  which  the  extended  period  of  the  investigations  of 
Mr.  Lawes  and  myself  have  enabled  us  to  establish,  and  to  point 
out  the  relation  of  this  to  the  various  known  or  supposed  sources 
of  present  periodic  supplies,  so  as  to  indicate  what  points  seem 
the  most  urgently  to  demand  further  investigation.  In  the 
papers  already  referred  to,  we  have  more  fully  considered  what 
was  known  of  the  various  actual  or  possible  sources  of  the 
combined  nitrogen  which  we  know  to  exist,  and  to  circulate, 
in  land  and  water,  in  animal  and  vegetable  life,  and  in  the  at- 
mosphere, and  we  have  pointed  out  how  little  was  established 
of  either  the  actual  or  the  relative  importance,  in  a  quantitative 
sense,  of  the  various  actions  by  which  it  is  admitted  that  free 
nitrogen  may  in  nature  be  brought  into  combination.  I  may, 
however,  observe  that  M.  Boussingault  and  M.  Schlosing  have 
quite  recently  made  interesting  contributions  to  the  discussion 
of  this  subject  (Compt.  Rend.,  t  Ixxvi,  Ixxx,  Ixxxi,  and 
Ixxxii). 

But  whatever  may  be  the  origin  of  the  existing  combined  ni- 
trogen, or  whether  or  not  the  agencies  of  its  formation  are  more 
or  less  active  now  than  during  the  earlier  history  of  the  earth 
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and  its  atmosphere,  the  question  arises  whether,  assuming  the 
origin  to  be  independent  of  the  direct  action  of  vegetation,  the 
large  accumulations  within  our  soils  and  subsoils,  admits  of  any 
reasonable  explanation?  On  this  point  it  may  be  remarked, 
that  ages  of  forest  growth,  or  of  the  growth  of  natural  herbage 
only  grazed  by  animals,  would  doubtless  leave  the  soil  richer 
year  by  year;  as  the  amount  annually  lost  to  it  would  probably 
be  less  than  even  the  small  amount  known  to  be  annually  de- 
posited from  the  atmosphere,  in  temperate  regions,  at  the  present 
time;  and  the  accumulation  would  probably  be  greater  still, 
were  the  amounts  of  combined  nitrogen  in  the  atmosphere,  and 
brought  down  from  it,  greater  than  with  us  at  the  present  time. 
Then,  again,  the  influence  on  aqueous  deposits  of  ages  of  sub- 
marine vegetation,  and  of  the  subsistence  of  animal  life  upon  it, 
has  to  be  considered.  But  a  soil  once  broken  up,  and  under 
arable  culture,  it  is  difficult  to  conceive  of  any  system  of  agri- 
culture by  which  so  little  nitrogen  as  that  hitherto  quantita- 
tively determined  to  be  annually  deposited  from  the  atmosphere 
would  be  annually  exported  from  tjae  land. 

Conclusio7i. — And  now,  to  summarize  in  a  few  words  the  re- 
sults of  the  whole  discussion,  I  think  the  balance  of  the  evi- 
dence points  to  the  conclusion,  that  the  answer  to  the  question — 
what  are  the  sources  of  the  nitrogen  of  vegetation  in  general,  and 
of  agricultural  productions  in  particular,  is  more  likely  to  be 
found  in  the  relations  of  the  atmasphere,  and  of  the  plant,  to 
the  soil,  than  in  those  of  the  atmosphere  to  the  plant  itself. 

One  word  more  in  conclusion.  I  have,  as  explained  at  the 
outset,  confined  attention  almost  exclusively  to  one'aspect  of 
the  great  subject  of  vegetation  ;  but  it  will  not  be  supposed  that 
I  have  done  so  from  any  want  of  appreciation  of  the  interest 
and  importance  of  other  lines  of  inquiry ;  and  allow  me,  before 
closing  to  allude  to  a  point  which  can  hardly  fail  to  suggest  it- 
self on  an  inspection  of  the  numerous  organic  compounds,  made 
by  transformation  in  the  laboratory,  which  are  collected  in  the 
Chemical  Section  of  this  Exhibition.  Without  in  the  least  de- 
gree disparaging  such  work,  I  would  ask  whether  some  of  those 
who  have  become  masters  of  such  transformations,  might  not 
with  advantage,  armed  with  the  experience  thus  gained,  now 
devote  themselves  to  the  study  of  the  transformations  going  on 
within  the  plant  and  the  animal?  In  other  words,  whether  it 
would  not  be  desirable,  that  some  of  the  thought  and  labor  now 
expended  on  transformations  in  the  chemical  laboratory  should 
be  transferred  to  the  laboratory  of  nature? 
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Art.  XXII. — Apparatus  for  quantitative  Fai-exiraction  ;  On  the 
Composition  of  the  Sweet  Potato ;  On  tlie  Conipos^ition  of  Maize 
Fodder  ;  by  S.  W.  Johnson. — Contributions  from  the  Sheffield 
Laboratory  of  Yale  College*     No.  XLIIL 

I.  Apparatus  for  quantitative  Fat-extraction, 

The  apparatus  consists  of  a  glass  tube  A,  of  }  to  J  iiL  bore 
and  6  to  7  ia.  long,  narrowed  at  bottom  to  a  bore  of  \  in.,  and 
there  fitted  by  a  cork  to  a  flask  C,  of  80  c.  c.  capacity,  and  con- 
nected above  by  a  cork  with  a  reversed  Lie- 
big's  condenser  D.  Within  A  a  similar  but 
smaller  tube  B  is  maintained  free  from  the 
sides  of  the  larger  tube,  either  bv  three  knobs 
of  glass  fused  upon  it  where  it  begins  to  nar- 
row, by  a  support  of  platinum  foil  as  in  the 
figure,  or  by  suspension  with  help  of  a  wire 
looped  around  the  upper  part  of  B  and  a 
hook  depending  from  the  cork  above  it.  B 
is  closed  below  either  by  a  plug  of  cotton  or 
asbestus  or  else  by  a  disk  oi  filter  paper  sup- 
ported by  one  of  muslin  tied  over  its  narrow 
and  slightly  flanged  end.  The  substance  to 
be  extracted  is  introduced  into  B.  50  c.  c.  of 
ether  or  other  solvent  are  placed  in  the  flask 
and  heat  is  applied  to  boil  the  liquid. lilts 
vapor  passes  into  the  condenser,  and  there 
liquefies ;  the  liquid  drops  continuously  upon, 
and  percolates  the  contents  of  B,  ^carrying 
into  C  any  dissolved  matters,  whence  it  rises 
again  as  vapor  to  be  again  condensed  and 
repeat  the  solvent  action. 

The  cooling  must  be  effectual  and  the  heat 
applied  to  the  flask  just  sufficient  to  main- 
tain a  regular  circulation  of  the  solvent.  B 
may  be  weighed  with  its  contents,  afler  clos- 
ing the  end  by  means  of  corks  or  rubber 
caps.  To  dry  its  contents  it  may  be  connected  at  one  end  by 
means  of  a  perforated  stopper  and  tube  to  an  apparatus  for 
supplying  pure  hydrogen,  at  the  other  by  a  rubber  tube  several 
inches  long  and  CaClj,  tube  to  an  aspirator,  and  may  be  heated 
by  immersion  in  an  inclined  position  in  a  bath  of  boiling  water, 
while  a  slow  stream  of  dry  gas  is  transmitted.  The  loss  in 
weight  of  B  and  its  dried  contents  may  in  some  cases  give  the 
amount  of  oil  extracted  more  speedily  and  accurately  than  direct 

*  The  substance  of  these  papers  was  read  at  the  Detroit  meeting^  of  the  Ameri- 
can Association  for  the  Advancement  of  Science,  in  August,  1875. 
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weighing  of  the  latter.  For  ordinary  quantitative  fatestima- 
tioiis  A  and  B  may  be  made  from  stout  test  tubes. 

This  apparatus  is  not  only  easier  to  construct  and  to  handle 
than  those  which  have  a  separate  interior  or  exterior  tube  to 
carry  up  the  ether-vapors,  but  has  the  additional  advantage 
that  the  substance  to  be  extracted  is  kept  warm  by  being  con- 
stantly surrounded  with  hot  vapor. 

It  is  best  to  mount  the  apparatus  so  that  it  may  be  put  into  a 
somewhat  inclined  position  if  needful,  as  then  by  revolving  the 
apparatus  on  the  condenser  tube  D  the  stream  of  condensed 
solvent  may  be  directed  in  sucfcession  on  all  parts  of  the  con- 
tents of  B  and  any  channels  that  may  form  are  easily  broken  up. 

In  milk-analyses  I  have  followed  the  fat  extraction  by  similar 
treatment  with  80  per  cent  alcohol  for  the  separation  of  sugar. 

II.   Chi  the  Composition  of  the  Sweet  Potato. 

The  Sweet  Potato  {Convolvidus  batatas  or  Batatas  edvlis)  is  an 
esculent  of  great  value  to  the  United  States.  It  is  not  only  at 
home  in  all  the  Southern  States,  but  is  produced  in  large  quan- 
tities in  Central  New  Jersey,  and  Central  Illinois,  latitude  40°  ; 
and  has  been  successfully  raised  in  gardens  in  nearly  the  cold- 
est parts  of  New  York,  as  well  as  in  Maine  and  Southern 
Minnesota  (St  Paul),  in  latitude  44°  to  46°.  It  is  probable 
that  under  northern  cultivation  varieties  may  originate  more 
adapted  to  cold  climates,  so  that  were  it  needful  its  profitable 
cultivation  might  be  extended  several  degrees  of  latitude 
northward,  as  is  said  to  have  happened  in  Europe  with  regard 
to  mai2se,  for  which  it  is  asserted  that  46°  north  latitude  was 
formerly  the  limit,  whereas  now  it  is  cultivated  nearlv  to  62°. 

The  Sweet  Potato  is  known  in  many  varieties  which  differ 
widely  in  quality.  Naturally,  the  kinds  which  are  propagated 
at  the  north  are  less  sweet  and  less  highly  flavored  than  those 
produced  in  a  warmer  climate.  The  New  Jersey  and  Delaware 
sweet  potatoes  which  are  marketed  in  New  England,  though 
palatable  and  largely  consumed,  are  decidedly  inferior  to  the 
produce  of  Vir^nia.  I  am  informed  that  sweet  potatoes 
of  excellent  quality  are  raised  in  Southern  Illinois,  lat.  37°-38°, 
while  those  produced  in  Central  Illinois,  lat  40°,  are  "  watery" 
and  comparatively  insipid. 

The  sweet  potato  in  highest  repute  at  the  north  is  the  Nanse- 
mond,  taking  its  name  from  the  southeastern  county  of  Vir- 

finia,  where  it  is  said  to  have  originated.  The  "  Nansemond 
mproved,"  raised  in  Hanover  Co.,  Va.,  is  the  finest  variety  of 
this  esculent  that  has  come  under  my  notice.  I  am  indebted 
to  John  Ott,  Esq.,  of  Bichmond,  Va.,  for  abundant  samples  of 
this  variety,  the  hi^h  quality  of  which  has  induced  me  to 
undertake  its  analysis. 
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The  composition  of  the  sweet  potato  has  been  studied  by 
Proust,  Einhof,  Payen,  Henry,  Fromberg,  and  Antisell. 

Their  analyses  were  mostly  made  by  methods  less  perfect 
than  those  we  now  possess,  and  they  differ  from  each  other  to 
a  degree  not  explained  by  the  variations  in  quality  of  the 
sweet  potato  itself,  and  some  of  them  are  evidently  incorrect 
Since  there  is  to  my  knowledge  no  printed  summary  of  these 
older  analyses  I  have  thought  it  worth  while  to  reproduce  them. 

As  chemists  are  too  well  aware,  no  unexceptionable  methods 
for  separating  or  estimating  some  of  the  organic  principles  of 
our  esculents  have  as  yet  been  discovered.  Since  the  tendency 
of  newer  researches  points  to  the  existence  in  plants  of  a 
series  of  isomeric  boaies  with  the  denser  and  maturer  forms  of 
cellulose  at  one  extremity  and  dextrin  at  the  other,  with  vari- 
ous celluloses,  starches,  amylodextrins  and  dextrins  interme- 
diate, which  defy  separation  and  have  long  resisted  identification, 
the  best  that  can  be  done  in  proximate  analysis  is  to  follow 
some  method  conventionally  agreed  upon,  by  which  fairly  com- 
parable results  may  be  reached.  The  analysis  of  the  "  Nanse- 
mond  Improved"  was  made  essentially  according  to  the  plan 
adopted  by  the  German  Agricultural  Experiment  Stations,  and 
the  results  have  been  for  the  most  part  verified  bv  repetition 
and  critical  examination  of  the  educts.  This  analysis  has  re- 
gard only  to  the  more  important  food-principles,  without  refer- 
ence to  traces  of  malic  acid,  etc.,  which  have  been  reported  in 
former  examinations. 

For  analysis,  about  600  grams  of  the  tubers  were  thinly  sliced 
(in  December,  1874),  air-dried  in  a  warm  room  and  then  pul- 
verized. In  5  grams  of  air-dry  substance,  water  was  estimated 
by  three  methods. 

1.  By  drying  at  100°  C.  in  a  flask  exhausted  by  the  Bunsen- 
Sprengel  pump.  This  method,  which  leads  speedily  to  the  de- 
sired result  in  case  of  other  vegetable  matters,  e.  g.,  maize-meal, 
hay,  etc.,  required  several  days  for  bringing  sweet-potato  flour 
to  a  constant  weight. 

2.  By  diying  in  air-bath  at  126°  C.  This  process  speedily 
removes  the  water  but  occasioned  browning  oi  the  substance. 

8.  By  drying  at  100°  in  a  stream  of  hydrogen,  a  method 
somewhat  tedious  but  less  so  than  1,  and  now  adopted  by  many 
of  the  German  Experiment  Stationa 

The  three  methods  gave  of  loss  on  air-dry  substance : 


1 

7-19  per  cent. 

2 

6-90        " 

7-13         " 

3 

7-64        " 

7-19        ** 

Average 

7-19        « 
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The  total  loss  of  uHiter  experienced  by  the  fresh  substaDce  = 
73-39  per  cent 

Fat  was  extracted  from  the  dried-residue  of  the  water-estima- 
tion, by  treatment  with  carbon  disulphide  in  the  apparatus 
before  described.  The  process  required  twelve  hours  for  com- 
pletion. Two  trials  yielded  0*26  and  0*31  of  a  soft  yellow 
substance,  appearing  at  first  like  a  pure  fat,  but  which  to  the 
feel  and  taste  had  more  of  the  properties  of  wax  than  of  the 
ordinary  fats.  It  probably  resides  chiefly  in  the  laticiferous 
tissue,  whose  yellow  juice  is  evident  on  a  fresh  section  of  the 
sweet  potato. 

An  aqueous  extract  of  the  sweet  potato  was  obtained  by 
digesting  four  grma  of  finely-pulverized  air  dry  substance 
with  nearly  half  a  liter  of  cold  water  for  five  hours  and  filter- 
ing. The  residue  was  treated  with  a  similar  c[uantity  of  cold 
water  for  twelve  hours  more.  Alicjuot  portions  oi  the  two 
extracts  were  separately  evaporated  in  capsules  and  dried  at 
212**  F.  The  first  extraction  was  practically  complete,  as  the 
second  digestion  took  up  but  3*6  mgr.,  or  a  little  more  than  j\ 
per  cent  of  soluble  matters.  The  total  amount  of  solid  aqueous 
extract,  after  deducting  ash,  was  7 '94  per  cent. 

The  aqueous  extract  was  brown  in  color  and  perfectly  clear. 
Boiled,  it  gave  a  very  slight  precipitate,  acids  made  it  turbid, 
and  Millon's  test  gave  a  &int  red  tint  to  the  liquid  on  heating. 
Iodine  gave  no  coloration.  Basic  lead  acetate  gave  a  copious 
"precipitate,  separating  in  flocks  on  boiling,  and  in  the  filtrate 
Fehlmg*s  solution  gave  reddish-yellow  precipitate  on  boiling. 
These  reactions  indicate  presence  of  a  trace  of  albuminoids,  of 
gum*  and  of  a  glucose.  They  exclude  starch,  amylodextrin 
and  dextrin.f 

To  eflFect  proximate  separation  of  gum  and  sugar,  a  portion 
of  aqueous  extract  was  evaporated  to  dryness,  taken  Xip  in  a 
very  little  water  and  treated  with  80  per  cent  alcohol.  Sugar 
was  recovered  by  evaporation  of  the  alcohol  solution.  As  is 
known,  this  separation  is  a  rough  one.  The  sugar  obtained 
gave  on  boiling  with  Fehlings  solution,  at  once,  a  copious 
locky-red  precipitate.  Set  aside  in  concentrated  solution  it 
showed  no  signs  of  crystallization.  It  therefore  largely  con- 
sisted of  a  glucose.  Its  amount  was  6*86  per  cent  The 
substance  remaining  insoluble  after  a  second  treatment  with 
alcohol,  which  was  mostly  gunij  was  1*08  per  cent  of  the  fresh 
tuber. 

Cellulose  was  determined  by  alternate  treatment  of  the  pow- 
dered substance  with  dilute  (2  per  cent)  sulphuric  acid  and  caustic 

*  The  tenn  gum  is  used  in  a  generic  sense.  The  substance  obtained  appeared 
to  have  more  nearly  the  characters  of  arabin  tlian  of  pectin  or  other  gummy  body, 
being  highly  soluble  in  water. 

f  See  Nageli,  Beitrage  ztlr  naheren  Xentnisse  der  St&rkegruppe,  p.  103. 
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soda  solution,  in  the  usual  manner.  Combustion,  with  tbe 
mixture  of  equal  bulks  of  sodium  carbonate  and  slacked  lime, 
gave  0187  and  0*207  per  cent  of  nitrogen,  which  multiplied 
by  6"26  leads  to  the  content  of  albuminoids.  Starch  was  esti- 
mated by  diflferenca     The  summing  up  is  as  follows : 

Water 73-39 

Starch,  by  difference 15*06 

Gum    108 

Su^ar  (levulose?) 6-86 

Cellulose 0-98 

Albuminoids 1*28 

Fat  and  wax -28 

Ash 1-07 

100-00 
Table  I  includes  all  the  analyses  of  the  sweet  potato  that 
I  have  been  able  to  find. 

In  the  older  analvses,  1  to  6,  the  figures  for  starch  and  cellu- 
lose are  of  no  value  because  they  were  the  results  of  an 
attempted  mechanical  separation.  In  fact  these  analyses  are 
worthless  for  any  purpose,  except  as  regards  the  water  and 
sugar  estimations.  Fromberg's  figures  for  water  are  too  excep- 
tional to  have  any  claim  to  accuracy. 

As  already  mentioned,  the  figures  in  analyses  6  and  7  are  so 
coincident  in  regard  to  several  ingredients,  and  so  plainly 
wrong  in  6,  as  respects  ash,  that  they  must  both  be  considered 
untrustworthy.  W  hether  the  low  amounts  of  water  in  8,  and 
of  sugar  in  9,  and  the  high  percentages  of  sugar  in  8  and  of 
starch  in  9,  are  analytical  errors  or  characterize  the  sweet 
potato  in  its  different  varieties,  remains  to  be  established  by 
future  comparative  investigations. 

In  the  common  potato  {/Planum  tuberosum)  a  range  of  water 
content  from  68  3  to  82*1  per  cent,  and  of  starch-content  from 
15  to  26  per  cent  has  been  observed. 

In  nutritive  values  the  Hanover  sweet  potato  and  the  com- 
mon potato  on  the  average  differ  but  little.  Their  comparative 
composition  is  as  follows : 

Sweet  potato.  Potato. 

Water   73-4  74-6 

Albuminoids 1-3  2  -2 

Fatandwax 0-3  0-2 

Carbohydrates 23*0  21*2 

Fiber 10  07 

Ash VO  VI 

100-0  1000 

The  average  composition  of  the  common  potato  is  that  given  bj 
Dietrich  and  Konig  in  their  Zusammensdssung  und  Verdauiiehkeu 
der  FSitterstoffe. 
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The  sweet  potato  is  possibly  more  easily  digestible  than  the 
common  potato,  because  of  containing  nearly  7  per  cent  of  sol- 
uble sugar  in  place  of  a  similar  amount  of  starch.  Its  sweet 
taste  is  mentioned  by  European  writers  as  a  reason  why  it  does 
not  enter. more  largely  into  the  produce  of  southern  France, 
and  probably  for  most  inhabitants  of  temperate  regions  it  does 
not  relish  so  well  in  constant  use  as  does  the  common  potato, 
which,  like  bread,  appeal's  daily  and  twice  daily  on  the  tables 
of  the  Middle  and  l^ew  England  States,  as  well  as  on  those  of 
England,  Germany  and  France.  The  sweet  potato  is,  however, 
in  its  best  varieties  a  most  inviting  esculent,  and  i)erhaps  "wears'* 
better  than  any  other  vegetable  save  the  common  potato.  Its 
juices  are  so  rich  in  sugar  that  the  tuber  keeps  poorly,  for 
wherever  the  cuticle  is  broken,  the  common  omnipresent  fungi 
take  root,  under  favorable  conditions  of  temperature  and 
moisture,  and  rapidly  penetrate  the  tissues,  producing  dis- 
coloration and  dry  or  wet  rot  French  authorities  report  that 
the  potato-fungus,  Peronospora  infesians,  attacks  tne  sweet 
potato  as  vigorously  as  the  common. 

III.  On  the  Composition  of  Maize  Fodder. 

The  use  of  maize  as  a  fodder  plant  is  very  extensively  prac- 
ticed in  this  country  as  well  as  in  South  Germany  and  Austria. 
In  the  latter  countries  maize  fodder  appears  to  be  uniformly 
regarded  as  a  valuable  resource  to  the  farmer.  In  the  United 
States,  however,  some  excellent  farmers  have  denounced  it  for 
various  reasons ;  some  because  of  the  difficulty  of  securing  the 
crop,  and  others  because  of  its  supposed  innutritions  quality. 
In  fact,  chemical  analysis  has  been  employed  to  show  that 
maize  is  a  comparativeljr  worthless  fodder  crop. 

These  considerations  induced  me  to  undertake  its  investiga- 
tion, and  I  have  been  fortunate  in  finding  highly  suitable 
material  on  the  ferm  of  J.  J.  Webb,  Esq.,  near  iTew  Haven, 
Conn.,  as  well  as  the  most  hearty  assistance  in  preparing  the 
fodder  for  analysis  at  the  hands  of  that  gentleman.  Two  sam- 
ples, raised  from  separate  plantings  and  on  separate  fields,  were 
placed  at  my  disposal.  The  variety  of  maize  was  the  Southern 
or  Norfolk  W  hite ;  the  seed  was  obtained  from  Long  Island. 
No.  1  was  raised  on  long  tilled  ground  and  inverted  sod,  with 
help  of  stable  manure.  No.  2  was  taken  from  new  ground, 
which  had  borne  two  rye  crops,  was  seeded^  had  been  in  pasture 
for  five  vears.  was  then  plowed  and  had  carried  two  successive 
crops  of  corn  fodder,  of  which  it  was  of  course  the  last.  To 
the  soil  that  yielded  No.  2  no  stable  manure  had  ever  been 
applied.  No.  2  was  sown  10  to  16  days  earlier  than  No.  1, 
and  was  more  mature  at  the  time  of  cutting  the  samples,  Sept 
1st,  1874. 
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In  planting,  three  bushels  of  seed  were  sown  per  acre,  in 
drills  24  inches  apart  When  harvested  the  stalks  had  an 
average  height  of  10-12  feet  Many  stalks  measured  14  feet 
in  length.  Their  diameter  was  very  uniform,  rarely  more  than 
}i  inch  at  the  basa 

The  com  thus  planted  and  growing  under  clean  tillage  was 
so  mature  and  uniform  that  it  admitted  of  easy  and  perfect 
curing,  and  yet  at  the  same  time  was  so  tender  and  palatable 
that  little  or  no  loss  occurred  in  ieeding.  When  harvested  the 
corn-fodder  contained  a  good  many  imperfectly  developed  ears, 
some  of  them  with  nearly  ripe  kernels. 

The  com  on  cutting  was  set  up  in  the  field  in  large  carefully 
made  stooks,  where  it  remained  until  Nov.  11,  when  it  was 
removed  to  the  bam  in  good  order.  The  samples  were  ob- 
tained by  cutting  oflF  in  each  case  an  area  of  10  feet  square, 
including  5  rows  and  a  length  of  10  feet  on  each  row. 

The  stand  of  the  crop  was  so  uniform,  both  horizontally  and 
vertically,  as  to  ensure  a  ver^  accurate  result  in  sampling. 

Each  sample  was  made  mto  bundles  which  were  at  once 
weighed,  labeled  and  set  up  in  the  field  as  parts  of  a  stook. 
When  the  crop  was  housed  the  samples  were  again  weighed. 
They  remained  in  the  bam  until  February,  1875,  when  the  use 
of  com-fodder  began  for  the  winter.  They  were  again  weighed 
on  February  8th,  and  immediately  were  run  separately  through 
a  straw-cutting  machine,  which  reduced  them  to  half  an  inch 
lengths,  and  in  that  state  were  brought  to  the  laboratory. 

Each  sample  was  then  carefully  intermixed  and  weighed  por* 
tions  were  taken  for  analysis,  'the  portions  were  reduced  to 
tolerable  fineness  by  passing  repeatedly  through  a  sausage-cutter 
and  by  the  use  of  shears,  and  for  the  nitrogen  estimations  were 
further  pulverized  by  triturating  with  purified  quartz  sand. 
The  proximate  analysis  for  water  and  cellulose  was  conducted 
as  mentioned  in  the  previous  paper.  "Ether  extract"  was 
obtained  by  the  extraction  apparatus  already  described.  Ash 
was  determined  by  incineration  at  a  dull  red  heat  in  a  platinum 
dish. 

The  results  of  the  analyses,  calculated  upon  the  material  in 
the  difierent  stages  of  dryness  in  which  it  was  weighed,  are  the 
following : 

Fresh  cut         Field-cured.  I&Bftm.  _  Dried. 

B«pt.  1.1874.        Not.  U,  1874.        Feb.  10, 1875.        Witer^free. 

121  2  1212 

Water 8118  86-04  27-69  2692  63-76  64-96 

AA 0-84  0-74  4-76  3*62  804  224  «-67  4-96 

AlbomiDoids 0*88  0-78  4*97  379  318  234  6*87      619 

F^ etc., (ether eztrad)    0*28  0*22  1*66  107  0*99  066  214      1*46 

Cellnlofte  (crude) 4-38  6-16  24*76  2618  16*81  16*62  34*19  84*46 

Cirbohydratee,  eto.,  by 

diibreiioe 6*44  806  86*37  39*42  23*22  24.29  60*28  63*96 

100*00  100*00  100*00  100*00  10000  10000  100*00  10000 
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The  further  examination  consisted  in  extracting  the  pulver- 
ized fodder  with  wajer,  evaporating  the  solution,  to  determine 
total  quantity  of  soluble  matters,  redissolving  in  a  little  water 
and  treating  with  80  per  cent  alcohol  to  throw  down  gum. 

This  treatment  was  carried  out  both  with  cold  and  hot  water. 
The  results  were  as  follows,  calculated  on  dry  substance : 

1  2 

WAter.  Water. 

Gold.  Hot.  Cold.  Hot 

Total  extract 1*49  22*27  201  26M 

Aah -47  6-21  -31  441 

Soluble  in  alcohol,  slarch,  sugar,  fat,  etc., 80  10  87  1  -48  21*51 

Insoluble  in  alcohol,  gum *22  6*16  -22  '62 

The  water  extract  gave  a  reaction  with  Fehling's  solution, 
showing  the  presence  of  a  little  sugar.  The  alcohol  precipitate 
when  redissolved  in  water  gave  no  reaction  with  Fehling's 
solution  but  contained  a  trace  of  albuminoid. 

Starch  is  carried  into  solution  by  boiling  with  water,  and 
soluble  gum  is  more  completely  extracted  by  the  hot  macera- 
tion of  the  imperfectly  pulverized  material. 

These  labonous  trials  were  not  duplicated,  and  it  is  not  fully 
established  whether  the  absence  of  gum  in  2  is  the  result  of  a 
possible  error  in  analysis  or  the  consequence  of  maturer  devel- 
opment of  stalks.  The  larger  quantity  of  hot  water  extract  in 
2  is  not  improbabl}^  due  to  the  presence  of  seed  kernels  with 
abundant  starch. 

The  results  agree  fairly  with  the  average  of  a  number  of 
analyses  made  of  late  years  in  Germany  and  Austria,  which, 
however,  doubtless  refer  usually  to  a  much  smaller  plant  and 
crop. 

The  subjoined  statement  gives :  A,  the  average  of  my  two 
analyses;  &,  the  average  of  the  German  analj^ses  as  given  by 
Wolff,  Fiitterungslehre,  1874;  C,  the  average  given  by  Dietrich 
and  Kduig,  1874.     All  refer  to  the  fresh  fodder. 

A.  B.  C. 

Water 861  82-2  86*0 

Ash 0*8  M  1-0 

Albuminoid 0*8  1*2  1*8 

Ether  extract  (fat  and  wax) 0*3  0*6  0*6 

OeUuloee 4-8  4*7  4*4 

Oarboh jdrates,  eta 7*2  10-H  7*2 

100-00     '       10000  lOO-Ofl 

Total  Yield, — The  following  figures  give  the  gross  produce  oi 
the  two  crops  upon  an  area  of  100  square  feet  as  ascertained 
by  Mr.  Webb's  weighings,  and  also  the  produce,  per  acre, 
(found  by  multiplying  these  weighings  by  HW^)  as  well  as  the 
(quantities  of  water  and  dry  matter  in  the  fodder  at  the  several 
times  of  weighing. 
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Crop  1.  Crop  2. 

lOOtQ'ft.  lAcre.             ICOuq.tL  1  Acre. 

11m.  OS.  lbs.     tout.       lbs.   os.  lbs.  tons. 

Freeh  out,  Sept  1 124-4  54,123     27         117-4  51,074  25  5-10 

ConUlning  water 106-S*  47,184      ai-2        M-U*  4M18  21   7-10 

ReM-cured,  Not.  11 22  9,583    4  8-10     24  10,454  5  2-10 

Water «-!•  2,944      SS>10          e-T^  2,796  14-10 

Inl»ni,Feb.  8 34-7  15,028     71-2      38-15  16,988  8  5-10 

Water »-«•  8,081         4              91-9*  9JUn  4  7-10 

Dry 15-15t  6,939      31-2       17-9^  7,661  3  8-10 

Werner,  Handbuch  des  Futterbaues,  p.  602,  gives  the  yield 
ofuncured  maize  fodder  in  Germany  and  Austria  in  four  in- 
stances, as  follows:  60,000,  72,000,  72,000  and  52,800,  or  an 
average  of  60,000  kilos,  per  hectare.  This  average  equals 
53,440  Iba  per  acre.  One  of  the  crops  of  72,000  kilos,  equal 
to  64,129  lbs.  per  acre,  made  14,000  kilos,  of  cured  fodder, 
"  maize  hay,"  equal  to  12,470  lbs.  per  acre.  The  loss  of  water 
in  curing  was  80^  per  cent  of  the  fresh  cut  maize.  This  indi- 
cates that  the  crop  was  thickly  sown,  probably  on  very  rich 
ground,  and  was  cut  in  a  quite  immature  and  watery  state. 

It  is  noticeable  that  the  less  mature  crop  1,  weighed  fresh  1 J 
tons  more  than  2,  but  when  field  cured  2  was  870  lbs.  heavier 
than  I.  Crop  2,  field-cured,  contained  1^  per  cent  more  water 
and  also  8  per  cent  more  carbohydrates,  etc.,  than  1.  The  autumn 
weather  during  which  the  fodder  stood  in  the  field  was  excep- 
tionally fine  and  dry.  After  storing,  the  weather  of  the  winter 
was  very  rainy  and  damp,  and  for  that  reason  the  loosely  packed 
fodder  gathered  moisture,  so  that  the  average  5  tons  of  fodder 
as  it  was  stored  Nov.  11,  became  8  tons  as  it  lay  in  the  bam 
Feb.  8,  after  exposure  for  three  months  to  the  damp  winter  air. 
This  gain  of  water  was  greatest  with  2,  amounting  to  more 
than  Si  tons  for  the  produce  of  an  acre,  and  being  one-half  as 
much  water  as  the  green  fodder  lost  in  field-curing,  and  as 
mach  as  the  field -cured  fodder  contained  at  the  time  of  storing. 
Such  variability  in  the  water  content  of  a  harvested  crop  ap- 
pears to  be  unexampled. 

The  objection  urged  against  com  fodder  that  it  is  innutri- 
tious  does  not  apply  in  respect  to  the  total  yield  of  dry  matter, 
for  to  obtain  S^V,  (average  of  3^  and  ij\)  tons  per  acre  of  dry 
matter  from  other  forage,  would  require  a  crop  of  4  tons  of 
meadow  hay,  and  4i  tons  of  clover  hay,  admitting  these  to  con- 
tain 8  and  12  per  cent  of  water  respectivelv. 

As  respects  nutritious  quality^  the  com  fodder  is  very  differ- 
ent from  meadow  or  clover  hay.  To  make  the  nature  of  the 
difference  evident,  I  subjoin  the  average  analyses  of  the  dry 
matter  of  German  hay  and  maize  fodder,§  and  an  average  of 
the  two  analyses  of  Mr.  \Vebb*s  corn  fodder. 

♦  Nearly.  f  More  exactly  15i%  Ibe.  t  More  exactly  17VW. 

§  ftom  Dietrich  k  Kdnig^s  Zuaammeiiisetzang  and  Yerdaulicmeit  der  FutterstoJ^. 
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Germmn.  Mr.  Webb^ 

Meadow       Red        Maixe'      Malse 
hay.        clover,     fodder,    fodder. 

Ash Vn  7-4  6-1  6-8 

Albuminoids— 80-oalled  flesh-formers 11*8  16*6  12*4  6*0 

Pat 2-7  2*7  3*7  1*8 

Cellulose— woody  fiber 29*9  30*1  293  34*3 

Carbohydrates,  starch,  gum,  sugar,  etc.... 47*9  43-2  47-9  621 

It  is  seen  from  the  above  figures  that  the  German  meadow 
hay  and  the  German  corn  fodder  are  almost  identical  in  com- 
position. Clover  hay  diflfers  from  them  in  containing  some 
four  per  cent  more  of  albuminoid  and  four  per  cent  le^s  of 
carbohydrates.  Mr.  Webb's  maize  fodder  contains  but  one-half 
as  much  albuminoids  and  fat  as  the  German,  while  its  cellulose 
and  carbohydrates  are  each  four  to  five  per  cent  more.  This 
diflference  between  the  two  statements  of  maize  fodder  depends 
simply  on  the  fact  that  most  of  the  German  analyses  were 
made  on  less  mature  maize.  Some  of  the  German  analyses 
give  but  0*9  per  cent  of  albuminoids  in  fresh  fodder,  the  same 
result  as  in  Mr.  Webb's  1  (0-88). 

How  greatly  age  influences  the  content  of  albuminoids  in 
forage  plants  is  snown  by  the  fact  that  meadow  grass  quite 
voung  as  it  is  found  in  pasturage  contains  in  its  dry  matter 
24  per  cent  of  albuminoids,  cut  just  before  bloom  12  per  cent, 
and  at  end  of  blossoming  but  8  per  cent  In  case  of  both 
maize  fodder  and  meadow  grass  the  inferior  quality  of  the 
older  vegetation  is  compensated  by  their  superior  Quantity. 

Such  maize  fodder  as  Mr.  Webb  produces  is  valuable  when 
properly  employed.  Used  as  a  substitute  for  meadow  hay  it 
would  be  pronounced,  and  deservedly  so,  poor  cattle  food,  but 
as  an  ingredient  of  a  properly  compounded  ration  it  has  a  high 
value.  In  New  England,  hay  commands  a  high  price  in  the 
cities  and  large  towns,  and  is  therefore  adapted  to  sell  otf  rather 
than  to  consume  on  the  New  England  farm.  The  farmer  can 
raise  or  buy  Indian  com,  cotton-seed  meal,  and  other  concen- 
trated foods,  and  combine  them  with  coarse  fodder  to  make  a 
cattle  food  equal  or  superior  to  the  best  of  hay,  at  less  cost 
than  is  involved  in  feeding  the  latter.  To  throw  cured  maize 
fodder  out  in  the  cattle  j^-ard  or  to  feed  it  in  the  stall  as  hay  is 
fed,  is  likely  to  be  highly  wasteful.  To  attempt  to  sustain 
cattle  on  it  alone  or  to  employ  it  as  an  adjunct  to  hay  is  also  a 
mistake.  To  use  it  profitably  it  must  be  finely  cut  and  well 
mixed  or  alternated  with  maize  or  cotton -seed  meal,  bran,  or  some 
similar  material  which  serves  at  once  to  ensure  its  large  consump- 
tion and  the  full  economy  of  its  nutritive  qualities.  Maize-meal 
and  similar  articles  contain  too  much  albuminoids,  fat  and 
starch,  for  healthy  and  economical  cattle  food.  Maize  fodder 
contains  too  little  of  these  and  too  much  coarse  fiber.    The 
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mixing  of  the  two  in  proper  proportions  enhances  their  separate 
value  and  makes  a  more  perfect  nutriment,  and  under  New 
England  circumstances  doubtless  an  economical  cattle  food. 

The  digestibility  of  cellulose  in  the  alimentary  apparatus  of 
herbivorous  animals  has  not  only  been  amply  established  by 
namerous  feeding  trials  in  the  agricultural  experiment  stations 
of  Germany  and  Austria,  but  the  relative  digestibility  of  the 
cellulose  and  other  food-elements  of  various  kinds  of  cattle 
food  has  been  the  subject  of  repeated  experimenta  The 
method  of  these  investigations  consists  in  determining  by 
chemical  analysis  the  amount  of  cellulose,  etc.,  contained  in 
the  ingested  food  and  the  amount  that  passes  off  in  the  solid 
excreta.  The  difference  is  the  quantity  digested.  It  has 
been  found  as  the  average  of  some  45  experiments  on  oxen, 
cows,  goats  and  sheep,  that  62  per  cent  of  the  cellulose  of 
meadow  hay  is  dissolved  in  the  digestion  of  these  animals  and 
serves  as  food,  while  as  the  average  of  18  trials  but  46^  per 
cent  of  the  cellulose  of  red-clover  hay  is  digested.  In  a 
single  trial  Moser  found  that  72  per  cent  of  the  cellulose  of 
maize  fodder  was  dige^^ted  by  sheep.  One  result  is  not  con- 
duflive  as  to  the  comparative  digestibility  of  maize  fodder, 
because  this  quality  is  influenced  by  the  maturing  of  the 
plant,  and  by  the  individuality  of  the  animal,  as  well  as  by 
the  proportion  of  food-elements  in  the  ration ;  but  it  indicates  a 
high  nutritive  power. 

Moser's  results  in  r^ard  to  the  other  ingredients  of  maize 
fodder  show  that  the  sample  he  worked  with  was  in  all  respects 
more  digestible  than  the  average  meadow  or  clover  hay,  except 
these  are  cut  before  blossom,  and  was,  roundly  speaking,  twice 
as  digestible  as  the  straw  of  the  cereal  grains. 

I  am  indebted  to  my  friend  and  late  assistant,  E.  H.  Jenkins, 
M.  A.,  for  carrying  out  the  details  of  the  foregoing  analyses. 


XXin. —  On  the  Meteoric  Stone  of  Rochester,  Fulton  County,  In- 
diana; by  Charles  Upham  Shepard,  Massachusetts  Pro- 
fessor of  Natural  History  in  Amhei'st  College. 

A  FALL  of  a  meteoric  stone  took  place  at  about  8:45 
Thursday  evening  of  the  21st  of  December,  1876.  The  cir- 
cumstances connected  therewith  are  drawn  from  several  com- 
munication&*  The  first  is  from  Professor  Daniel  Kirkwood,  of 
Bloomington,  Indiana,  Professor  of  Mathematics  in  the  Indiana 
State  University,  as  published  in  the  Indianapolis  Journal. 
Professor  Kirkwood s  account  says:  "Last  evening,  Dec.  21, 

*  See  also  this  yolusie,  p.  166. 
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about  8:45  o'clock,  our  citizens  witnessed  a  meteoric  display  of 
extraoinlinary  brilliancy.  A  fire-ball,  described  by  many  ob- 
servers as  surpassing  the  moon  in  apparent  magnitude,  followed 
by  a  great  number  of  smaller  meteors,  was  seen  in  the  northern 
heavens,  moving  in  an  easterly  dii-ection.  Its  first  appearance 
was  at  a  point  12°  or  16°  north  of  west,  and  about  10°  above 
the  horizon.  Its  greatest  altitude,  as  seen  from  Bloomington, 
was  about  18°  or  20°,  and  its  disappearance  occurred  at  a  point 
in  the  northeast,  some  6°  or  6°  above  the  horizon.  A  remark- 
able feature  of  the  meteoric  group  was  the  slowness  of  its 
apparent  motion.  The  time  of  flight  was  variously  estimated. 
Most  observers,  however,  think  it  could  not  have  been  less 
than  three  minutes.  Many  of  the  meteors  following  in  the 
train  of  the  principal  bolide  were  larger  than  Venus  or  Jupiter. 
No  attempt  was  made  to  count  them,  but  their  number  was 
certainly  nearly  one  hundred.  Some  minutes  after  the  disap- 
pearance a  rumbling  noise  was  heard,  which  was  supposed  to 
result  from  the  meteor  s  explosion." 

The  second  is  from  the  Columbus  (Ohio)  State  Journal 
"  A  meteoric  display,  which,  for  singularity  and  beauty,  few 
persons  in  a  lifetime  have  the  good  fortune  to  behold,  was 
witnessed  by  six  or  seven  persons,  myself  included,  on  the 
evening  of  the  21st  inst,  at  just  9  o'cIock.  Four  of  us  were  in 
the  caboose  car,  and  two  or  three  others  on  the  engine  of  the 
freight  train,  due  in  Columbus  at  9:20  P.  M.,  on  the  Cleveland, 
Mount  Vernon  and  Columbus  Railroad,  and  within  about  four 
miles  of  the  depot.  At  that  point  the  track  runs  nearly  north 
and  south.  The  cluster  or  flock  of  meteors,  from  forty  to  sixty 
in  number,  varying  in  apparent  size  from  a  water-j3ucket  down 
to  the  size  of  large  apples,  were  seemingly  huddled  together  like 
a  flock  of  wild  geese,  and  moved  with  about  the  same  velocity 
and  grace  of  regularity.  The  color  of  their  light  was  a  yellow- 
ish red,  resembling  the  light  from  the  red  balls  of  fire  thrown 
out  by  the  explosion  of  some  kinds  of  sky-rockets.  There  was 
no  illumination,  nimbus,  or  trail  from  them.  The  display  was  a 
little  below  an  angle  of  45  degrees  from  our  point  of  observation^ 
and  seemed  not  over  a  quarter  of  a  mile  distant  from  the  rear 
end  of  our  train.  The  course  was  from  west  to  east,  crossing 
the  railroad  at  nearly  right  angles.  The  party  on  our  engine, 
and  our  conductor,  who  was  looking  out  of  the  rear  window  of 
our  car,  made  the  discovery  at  about  the  sanie  moment,  in  a 
westerly  direction.  When  seen  by  the  rest  of  us,  the  meteors 
were  just  passing  over  the  track  and  very  slowly  approaching 
the  earth.  I  cannot  pretend  to  put  this  statement  in  scientific 
form,  having  witnessed  it  from  a  moving  train,  but  simply 
state  the  fiEUJts  as  they  appeared  to  myself  and  others  as  worthy 
of  note." 
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The  third  notice  attended  one  of  the  specimens  sent  me,  and 
consists  of  a  letter  addressed  to  Professor  Kirkwood,  from  Mr. 
A.  J.  Norris,  the  finder  of  this  stona 

*^  Enclosed  you  will  find  a  specimen  of  the  meteorite.  The 
circumstances  under  which  tne  stone  was  found  are  these. 
Hearing  a  rumbling  noise,  I  stepped  out  of  the  house,  and 
heard  the  stone  fall.  I  marked  the  direction  of  the  sound,  and 
the  next  morning  repaired  to  the  field  whence  it  had  proceeded, 
where  I  discovered  it  lying  upon  the  snow.  I  saw  two  places 
where  it  had  previously  struck,  and  from  whence  it  had 
hounded  to  its  resting  place.  No  appearance  of  any  other 
stone  was  visible  in  the  region.  Its  weight  was  about  three- 
quarters  of  a  pound." 

The  following  is  from  a  letter  (dated  Bloomington,  Ind.,  Jan. 
19th)  from  Professor  Kirkwood  to  myself : 

"You  were  kind  enough  to  express  a  wish  that  I  would  fur- 
nish you  some  notes  in  regard  to  the  meteor.  I  have  written 
many  letters  of  inquiry,  to  some  of  which  I  have  received 
replies.  I  have  also  a  number  of  newspaper  accounts  of  the 
phenomenon.  I  r^ret  to  say,  however,  that  many  of  the 
statements  made  by  observers  are  so  inaccurate  and  contradic- 
tory as  to  be  of  little  value.  Being  busy  with  other  matters,  I 
placed  nearly  all  of  them  in  the  hands  of  Professor  Wylie. 
The  following  conclusions,  derived  from  the  observations  at 
Bloomington,  Indiana,  and  Wooster,  Wayne  County,  Ohio,  can 
be  relied  upon  as  nearly  correct : 

Rev.  Dr.  Wylie,  Professor  of  Natural  Philosophy  in  the  Indiana 
State  University,  noticed  the  point  in  a  tree  apparently  passed 
by  the  meteor.  The  angle  of  elevation  was  subsequently 
measured,  and  found  to  be  about  15  degrees.  But  the  meteor 
passed  our  meridian  181  miles  north.  These  data,  making 
allowance  for  the  curvature  of  the  earth's  surface,  give  about 
38  miles  as  the  height  of  the  body  when  passing  the  boundary 
hne  between  Pulaski  and  Fulton  Ctounties,  Indiana.  At 
Wooster,  Wayne  County,  Ohio,  the  meteor  apparently  passed 
a  particular  point  of  the  steeple  of  a  public  building.  From 
this  observation  the  apparent  altitude  when  over  Lake  Erie, 
immediately  north  of  tne  city,  was  found  by  Professor  Samuel 
J.  Kirkwood  to  have  been  about  24  degrees^  corresponding  to 
a  true  height  of  28  or  29  miles. 

The  most  western  point  from  which  I  have  received  a  report 
is  Emporia,  Kansas.  It  passed  that  place  a  few  degrees  S.  E. 
of  the  zenith.  I  think  the  meteor  became  visible  over  the 
N.  W.  comer  of  Texas,  at  an  elevation  of  70  or  80  miles.  The 
estimates  of  time  for  the  meteor  are  so  discordant  that  it  seems 
impossible  to  determine  whether  it  was  moving  in  an  ellipse,  a 
parabola,  or  an  hyperbola.'' 
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DeecripHon  of  the  Rocheeter  SUme. 

It  belongs,  by  way  of  eminence,  to  my  order  of  Oolitic,  of  the 
class  Litholites,  and  resembles  most  closely  the  Pegu  (India) 
stone  of  December  27,  1857,  particularly  in  the  character  of  its 
crust  and  in  its  pisiform  external  structure.  The  two  stones  are 
not  unlike  in  color  and  in  the  facility  with  which  they  may  be 
broken,  both  yielding  to  separation  when  in  small  masses, 
under  the  mere  strength  of  the  fingers.  The  thickness  of  the 
crust  in  each  is  double  that  in  the  majority  of  litholites.  The 
general  tint  of  color  is  also  the  same  in  both.  In  the  Rochester 
stone,  however,  the  shade  is  less  gray,  from  the  greater  preva- 
lence of  an  almost  pulverulent,  nearly  white  mineral,  in  which 
the  dark  ash-gray  globules  are  imbedded.  This  white  mineral 
forms  less  than  one-tenth  of  the  mass.  The  globules  vary  in 
size  from  a  millet-seed  up  to  that  of  a  pepper-corn.  Their 
shape  is  almost  perfectly  spherical,  and  plainly  indicates  an 
origin  from  fusion,  the  surfaces  of  many  of  tnem  being  obviously 
mammillary,  while  internally  they  present  a  porcelainous,  com- 
pact structure. 

The  globules  are  probabl;^  forsterite,  of  a  variety  nearly 
identical  with  boltonite.  This  appears  the  more  likely  from 
the  circumstance  that  those  situated  just  below  the  crust  have 
the  yellowish  tint  acquired  by  boltonite  after  its  subjection  to 
heat  with  access  of  air;  and  it  is  presumable  that  this  alteration 
of  the  globules  in  the  meteorite  took  place  on  its  entrance  into 
our  atmosphere  when  the  fusion  of  the  surface  occurred. 

The  white  semi-pulverulent  basis  of  the  stone  I  lake  to  be 
Chladnite  (iJ[g«Bi«).  In  one  of  my  specimens,  it  shows  itself  at 
a  single  point  in  its  characteristic  loosely  crystalline  structure ; 
and  there  closely  resembles  this  species  as  seen  in  the  Bishops- 
ville  (March  25,^  1848)  meteorite. 

The  metallic  iron  (chamasite  ?),  as  in  the  Pegu  stone,  is  very 
obvious ;  and  rather  evenly  distributed,  though  probably  not^ 
exceeding  one  per  cent  in  quantity.  In  place  of  being  in 
shapeless  grains  or  points,  or  in  curved  wire-like  fibers,  it  is 
semi-crystalline  in  structure,  showing  occasional  rectangular 
and  triangular  facets.  Troilite  is  barely  visible  at  two  minute 
points  in  the  specimens  thus  far  examined.  Two  distinct 
grains  of  Chrysolite,  of  the  size  of  half  a  rice  grain,  are  present, 
showing  in  each  case  the  cleavage,  color  and  luster  of  this  species, 
as  existing  in  Krasnojarsk  meteoric  iron.  Moreover,  these 
grains  have  not  the  perfect  spherical  form  of  the  forsterite 
globules. 

The  specific  gravity  of  a  fragment,  whose  surface  was  one- 
third  crust,  is  8*65.  It  may  be  added  in  conclusion,  that  the 
inspection  of  this  rather  peculiar  stone  strongly  suggests  the 
idea  that  the  pisiform  glooules  were  produced  by  the  sudden 
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fusion  of  what  was  originally  a  cbladnitic  material  (similar  to 
the  Bishopsville  stone),  amid  particles  of  chamasite  attended 
by  access  of  oxygen,  whereby  the  silicate  of  magnesia  became 
converted  into  the  more  fusible  double  silicate  of  magnesia  and 
iron. 

Kew  Hayeo,  Oodil,  Jan.  22,  1877. 


Art.  XXrV. — Examinaiicn  of  the  Waconda  Meteoric  Stone^  Bates 
County  Metem-ic  Iron  and  Rockingham  County  Meteoric  Iron  ; 
by  J.  Lawrence  Smith,  Louisville,  Ky. 

The  meteorites  under  consideration  have  been  known  for 
some  little  time,  Prol  C.  U.  Shepard  having  given  a  notice  of 
the  Waconda  meteoric  stone  in  this  Journal  of  June,  1876,  he 
having  acquired  the  larger  portion  of  it ;  the  remainder  has 
been  kindly  presented  to  me  by  G.  W.  Chapman. 

The  existence  of  the  Bates  County  meteoric  iron  was  an- 
nounced by  Prof.  G.  C.  Broadhead  (this  Journal,  Nov.,  1875) 
to  whom  1  am  indebted  for  a  large  portion  of  the  original  mass. 

Waxionda  Meteorite. 

One  feature  to  be  noticed  in  connection  with  this  meteoric 
stone  is  that  the  time  of  its  fall  is  not  known  ;  it  having  been 
discovered  in  a  ravine  near  the  villasre  of  Waconda  in  Kansas 
(lat  39"^  20',  long.  98°  lO^.  While  there  are  three  or  four  of 
these  softer  meteoric  stones,  consisting  almost  exclusively  of 
stony  matter,  the  exact  time  of  whose  fall  is  not  known,  there 
is  every  reason  to  suppose  that  their  falls  were  observed,  and 
that  they  were  collected  at  the  time;  but  falling  in  remote 
places,  and  in  the  lands  of  those  not  accustomed  to  note  pre- 
cisely the  dales  of  natural  phenomena,  the  exact  date  of  the 
fall  was  forgotten  when  it  readied  those  who  were  interested  in 
these  bodies. 

In  the  present  instance  nothing  was  known  to  lead  to  its  dis- 
covery, and  it  was  simply  gathered  up  by  an  inhabitant  of  a 
sparsely  settled  region  and  laid  aside  on  account  of  its  singular 
appearance,  and  was  only  recognized  as  a  njeteorite  some  time 
afterward  by  one  who  had  some  knowledge  of  these  bodies. 
Although  but  recently  brought  to  notice,  it  was  discovered 
two  years  ago,  and  I  am  inclined  to  believe  that  its  discovery 
must  have  been  made  not  very  many  months  after  its  fall,  as 
otherwise  it  would  have  undergone  more  thorough  decomposi- 
tion ;  as  it  is,  the  interior  is  marked  with  large  blotches  of 
oxide  of  iron  arising  from  oxidation  of  the  particles  of  iron  by 
the  water  penetrating  from  without. 
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This  exposure  has  doubtless  had  something  to  do  with  its 
friability  as  a  whole,  for  many  parts  of  it  are  quite  firm 
where  the  iron  is  not  oxidized,  and,  as  Prof.  Shepard  says,  it 
has  the  average  cohesion  of  this  class  of  meteoric  stonea  As 
he  has  already  given  a  general  description  of  it,  I  will  not 
repeat  it  here,  but  proceed  at  once  to  give  my  chemical  and 
mineral  analyses. 

The  specific  gravity  of  pieces  from  the  interior  varied  from 
8*4  to  8 '6,  and  when  separated  mechanically  consisted  of — 

Stony  matter 90*81 

Nickel  iron 6'34 

Troilite 8*86 

The  amount  of  the  last  mineral  was  made  out  by  chemical 
analysis.     The  nickel  iron  contains : 

Iron 86-18 

Nickel 12-02 

Cobalt -91 

Copper "04 

Phosphorus not  estimated. 

The  stony  part  treated  with  large  excess  of  aqua  r^ia  gave : 

Soluble  part 69-00 

Insoluble  part 41-00 

Composed  of — 

Soluble.  InBoluble. 

Silica 84-52  64-02 

Protoxide  of  iron 80-01  18-10 

Magnesia 32-50  23-46 

Alumina 0*43  2-30 

Manganese -61  -36 

Soda  with  trace  of  potash  and  lithia      -89  1*68 

Lime tr<xce 

The  analysis  clearly  shows  that  the  stony  part  of  this  meteor- 
ite consists  of  the  usual  mixture  of  olivine  and  pyroxene 
minerals ;  the  hyalosiderite  predominating  in  the  former,  and 
bronzite  in  the  latter. 

Two  minerals  were  detached  in  small  Quantities  and  analyzed 
separately.  The  first  was  a  dark  colored  mineral,  readily  seen 
in  small  parcels  and  veins ;  this,  freed  as  far  as  possible  from 
the  adhering  minerals,  was  found  to  be  soluble  in  strong  hydro- 
chloric acid,  and  the  prolonged  action  of  this  acid  on  tne  min- 
eral, heated  over  the  water  bath,  decomposed  it  very  nearly 
completely ;  it  is  composed  as  follows: 

Silica 41-10 

Protoxide  of  iron 27-20 

Magnesia 28*31 

Alumina *80 

Manganese '32 

Soda 1-36 
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Its  solubility  in  chlorhjdric  acid,  and  its  composition,  clearly 
pK>int  it  out  to  be  of  the  olivine  typa 

The  other  mineral  was  found  onlj^  on  one  part  of  my  speci- 
mens and  there  in  the  form  of  a  white  crystalline  mass  not  ex- 
ceeding in  weight  20  milligrams  ;  it  looked  at  first  sight  like 
enstatite,  but  there  was  sufficient  difference  in  its  aspect  to  lead 
me  to  detach  a  few  milligrams  and  test  it ;  when  I  found  it 
readily  and  completely  soluble  in  hydrochloric  acid,  and  as  far 
as  it  was  possible  to  decide  on  so  mmute  a  quantity  it  appeared 
to  consist  only  of  silica  and  magnesia. 

Its  solubility  shows  clearly  that  it  is  not  enstatite,  and  I  can 
only  imagine  it  to  be  of  the  olivine  type  and  consisting  entirely 
of  silica  and  magnesia,  occupying  the  same  place  among  the 
nnisilicates  of  the  meteorites  that  the  enstatite  does  among  the 
bisilicates.  I  simply  note  this  fact  here,  not  as  giving  any  very 
definite  result  but  simply  that  it  may  be  looked  into  by  those 
investigating  these  subjects. 

JBates  County  Meteoric  Iron. 

This  meteoric  iron  was  first  made  known  by  a  short  note  in 
this  Journal,  Nov.,  1875,  p.  401.  It  was  discovered  near 
Butler,  in  Bates  County,  Missouri  (lat.  38''  20',  long.  94°  22'). 
The  mass  as  it  reached  me  had  been  in  a  blacksmith^  forge,  it 
having  been  heated  for  the  purpose  of  cutting  off  a  piece.  It 
weighed  about  eighty  pounds  and  was  of  an  irregular  form, 
with  nearly  equal  diameters  in  all  directions;  it  had  a  thick 
coat  of  rust  on  the  surface ;  the  metal  is  very  tough  and  when 
cut  across,  numerous  nodules  of  troUite  were  found  on  the  in- 
terior free  from  any  schreibersite.  The  Widmanstatian  figures 
are  readily  developed,  and  are  very  large  and  regular. 
Its  specific  gravity  is  7*72.     Its  composition  is — 

Iron 89-12 

Nickel 10-02 

Cobalt -26 

Copper -01 

Phosphorus '12 

Some  of  the  troilite  was  detached  but  not  analyzed ;  its 
specific  gravity  is  4*73. 

Rockingham  County  Meteoric  Iron, 

This  meteoric  iron  was  first  brought  to  my  notice,  in  1870, 
by  Prof.  W.  E.  Kerr,  the  geologist  of  the  State  of  North 
Carolina ;  but  a  short  time  afterward,  seeing  a  notice  of  it  by 
Dr.  Genth  in  the  Proceedings  of  the  Academy  of  Sciences  of 
Philadelphia,  and  as  he  proposed  giving  a  further  description 
of  the  same  at  some  future  time,  I  L.id  aside  my  notes  concern- 
ing it ;  but  having  been  frequently  asked  for  particulars  in  rela- 
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tion  to  it  from  those  possessing  specimpns,  I  have  concluded  to 
publish  the  notes  made  at  the  time  it  came  into  my  possession. 
This  iron  was  discovered  in  Rockingham  County,  North 
Carolina,  on  a  spot  known  as  Smith's  Mountain,  two  miles 
north  of  the  town  of  Madison,  about  lat  36''  20',  long.  79*"  45'. 
It  was  found  by  Mr.  Peters,  from  whom  Prof.  Kerr  obtained  it 
about  the  year  1863,  and  was  lying  on  the  surface  of  an  old 
field  which  had  been  out  of  cultivation  less  than  twenty  years, 
and  for  that  reason  it  is  supposed  it  may  have  fallen  within 
that  time.  It  weighed  originally  about  eleven  pounds  and  was 
covered  with  a  coating  of  rust  Its  structure  is  highly  crys- 
talline, and  when  polished  and  either  heated  or  acted  on  by 
nitric  acid  furnishes  remarkably  fine  Widmanstatian  figures, 
with  delicate  markings  on  the  inside  of  the  figures,  which  I 
designated  sometime  ago  as  Laphamite  markings,  having  first 
observed  them  on  the  Wisconsin  iron. 

This  iron  contains  narrow  seams  of  achreibersite  that  pene- 
trate the  mass  for  several  centimeters  in  different  directions, 
some  of  them  being  two  or  three  millimeters  in  thickness.  In 
one  part  of  the  iron  I  discovered  some  solid  chloride  of  that 
metal,  enough  to  test  its  nature,  and  I  detached  a  small  fragment, 
that  is  now  in  the  Museum  of  the  Garden  of  Plants  at  Paris. 
It  attracted  moisture  after  being  taken  from  a  crevice  in  the 
iron,  and  became  quite  soft.  This  is  the  second  time  I  have 
observed  this  solid  chloride  in  meteoric  iron.  The  nickelifer- 
ous  iron,  constituting  the  mass,  exhibits  the  characteristics 
common  to  iron  meteorites,  viz:  more  or  less  diversity  in  the 
character  of  the  iron  in  difierent  parts,  these  varieties  being  so 
intimately  associated  that  we  possess  no  means  of  separating 
them.  Dr.  Genth  considers  it  as  composed  of  three  different 
kinds  of  iron. 

I  selected  a  fragment  perfectly  free  from  any  schreibersite 
visible  to  the  eye;  it  gave  a  specific  gravity  of  778,  and  on 
analysis  was  found  to  contain — 

Iron - .   90*88 

Nickel - 8-02' 

Cobalt -60 

Copper •03 

Phosphorus '03 

This  will  be  seen  to  correspond  to  the  analysis  of  Dr.  Genth 
before  referred  to,  which  was  as  follows : 

Iron 90-41 

Nickel  (cobalt)..     8-74 
Copper 0*11 

NSeioobaU".::    HU  ,%f»;,^«^n9ola^^^ 
Phosphorus  ....     OU  (^"  chlorhydnc  acid. 
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Art.  XXV. — Certain  features  of  the  Valleys  or   Water-courses 
<f  Southern  Long  Island;  by  Elias  Lewis,  Jr. 

That  portion  of  Long  Island  which  lies  southward  of  its  cen- 
tral range  of  highlands,  extending  from  neaf  its  western  extrem- 
ity to  the  Shinecock  hills,  is  a  plain,  nearly  level,  traversed  by 
numerous  shallow  valleys  or  water-coursea  There  are  about 
thirty  of  these  vall^s,  well  defined,  in  a  distance  of  fifty  miles, 
between  East  New  York  and  Biverhead,  making  one  for  a  little 
less  than  two  miles.  In  the  lower  end  of  most  of  them  are 
flowing  streams  of  singularly  pure  water,  supplied  by  under- 
drainage  of  the  region.  The  point  where  the  springs  break  out 
in  the  valleys  represents  the  surface  of  saturation  in  the  soil. 
Above  this  point  the  valleys  are  dry  excepting  rarely  when 
streams  occur  from  surface-drainage  during  freshets,  or  from 
melting  snow  when  the  ground  is  frozen. 

Few  of  these  valleys  are  more  than  twenty  feet  in  depth ; 
their  source  is  uniformly  upon  the  high  grounds,  whence 
they  extend  southward  to  the  Day.  In  some  cases  they  may  be 
traced  nearly  across  the  bay  beneath  its  shallow  waters  to  the 
verge  of  the  ocean,  aflfording  evidence  of  a  recent  subsidence 
of  the  coast.  A  very  marked  peculiarity  in  their  form  is 
the  steepness  or  abruptness  of  the  banks  upon  their  westerly 
sides,  and  the  v^ry  gradual  declivity  of  those  upon  their  east- 
erly sides.  This  feature  is  so  obvious  that  it  has  long  attracted 
the  attention  of  travelers,  and  of  others  acquainted  with  this 
part  of  the  island ;  and  we  know  of  no  exceptions  to  it  which 
cannot  be  explained  by  local  conditions,  such  as  may  have 
arisen  from  confluence  of  streams  or  similar  causes. 

Another  interesting  feature  of  the  valleys  is  their  general  di- 
rection. With  some  local  exceptions  their  general  trend  or  direc- 
tion is  a  little  west  of  south,  and  observation  of  them  through- 
out their  length  renders  it  clear  that  this  trend  has  arisen  from 
some  general  cause  acting  during  their  erosion.  The  westerly 
or  right  banks  have  been  eroded  and  worn  away  by  the  streams 
which  formed  the  valleys,  and  now  that  the  streams  have  ceased 
to  erode  them  the  steep  banks  remain. 

The'long  declivities  upon  their  easterly  sides  prove  that  the 
axis  of  the  stream  was  originally  several  rods,  in  some  cases 
from  an  eighth  to  a  fourth  of  a  mile  eastward  of  where  the  axis, 
or  deepest  part  of  the  vallev  now  is.  The  phenomena  we  are 
considering  cannot  be  explained  by  any  merely  local  cause 
with  which  we  are  acquainted.  The  valleys  are  of  postglacial 
formation,  and  are  in  stratified  gravels  and  sands  distributed 
during  the  Champlain  subsidence,  and  were  probably  formed  as 
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the  coast  gradually  emerged  from  the  water  at  the  close  of  that 
period. 

Features  such  as  we  have  described  have  frequently  been 
noticed  in  river  valleys,  but  we  are  not  aware  of  anv  instance 
where  so  large  a  number  of  short  valleys,  none  of  them  more 
than  ten  miles  long,  present  in  so  striking  a  manner  the  pecul- 
iarities mentioned. 

That  the  cause  is  a  general  one  seems  probable.  As  sug- 
gested by  Prol  Dana,  who  recently  visited  the  island,  the  form 
and  direction  of  the  valleys  in  question  may  have  arisen  from 
the  combination  of  motions  to  which  Pro£  ^err  of  North  Caro- 
lina attributes  similar  phenomena  in  the  south-eastward  flowing 
streams  of  that  state.  "The  cause,"  Prol  Kerr  observes,  "is 
doubtless  the  rotation  of  the  earth  upon  its  axis  co-acting  with 
the  river  current"  To  a  like  combination  of  motions  Prol 
Maury,  in  1855,  referred  some  of  the  phenomena  of  ocean  cur- 
rents. The  principle  is  the  same  that  is  exemplified  in  the 
circulation  of  ocean  waters,  in  which,  as  a  writer  observes, 
"  Any  waters  flowing  from  the  polar  regions  (where  the  earth's 
motion  is  slow)  toward  the  equator,  would  be  thrown  mainly 
against  the  west  side  of  the  oceans  *  *  for  they  have  no 
power  to  keep  up  with  the  earth's  motion." 

A  similar  result  occurs  with  southward  flowing  streams  over 
the  land.  For  this  reason  the  bank  upon  the  west  side  of  the 
stream  is  continually  driven  against  it,  in  consequence  of  which 
the  bank  is  abraded  by  the  current,  and  worn  away. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  Rock-cryatal  Balance-beams^  Thermometere^  and  gradu- 
ated Circles. — Stein,  who,  in  1874,  proposed  the  manufacture  of 
standard  linear  measures  and  weights  in  rock  crystal,  now  goes 
farther  and  suggests  the  manufacture  of  balance-beams,  graduated 
circles  for  telescopes,  theodolites  and  quadrants,  and  even  ther- 
mometers, of  this  material.  With  reference  to  weights,  he  states 
that  the  spherical  form  has  been  adopted  in  preference  to  the 
cylindrical,  for  many  reasons,  among  otners,  because  it  is  (Cheaper. 
For  balance-beams,  and  scale-pans,  the  lightness  of  quartz,  2*65,  is 
in  its  favor,  aluminum  being  only  2*61 ;  moreover  its  unalterability 
by  chemical  agents  is  complete.  The  construction  presents  no 
special  practical  difficulties.  Graduated  circles  are  cut  from  a 
quartz  crystal  perpendicular  to  the  axis.  For  thermometers,  a  rod 
like  that  used  for  the  linear  unit  can  be  bored  lengthwise  and  the 
tube  polished,  an  enlarged  reservoir  being  made  at  the  bottom  for 
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the  mercury,  and  the  top  closed  with  an  air-tight  stopper  of  the 
same  material — Ber.  Berl.  Chevu  Ges.,  ix,  1824,  Jan.  1877. 

G.    F.    B. 

2.  EvolttHon  of  HyArogen  at  both  JElectrodes  in  Electrolysis. — 
Elsasssbb  has  made  the  curious  observation  that  if  a  wire  of 
magnesium  be  made  the  anode  in  a  decomposition  cell  containing 
strongly  dilated  sulphuric  acid,  a  wire  of  platinum  being  made 
the  cathode,  hydrogen  gas  is  evolved  at  both  electrodes,  though  at 
the  anode  only  half  as  much  gas  appears  as  at  the  cathode ;  and 
that  this  ratio,  though  the  total  evolution  of  gas  varies  with  the 
current-strength,  remains  constant.  The  same  result  happens 
when  in  place  of  the  sulphuric  acid,  a  moderately  dilute  solution 
of  magnesium  sulphate  is  used ;  only  in  this  case,  magnesium  hy- 
drate IS  deposited  at  both  electrodes.  Direct  quantitative  experi- 
ments showed  that  the  quantity  of  magnesium  dissolved  at  the 
anode  corresponded  exactly  to  the  quantity  of  hydrogen  set  free 
there ;  the  volume  of  hydrogen  evolved  at  the  cathode  being  the 
same  as  that  set  free  in  a  voltameter  in  the  same  circuit.  The 
author  hence  believes  that  the  positivit^  of  the  magnesium  is  so 
increased  by  the  current  that  it  combmes  not  only  with  the  ' 
oxygen  set  free  by  this  current,  but  also  with  additional  oxygen, 
the  hydrogen  which  was  united  to  it,  appearing  in  the  free  state. 
Why,  however,  this  hydrogen  should  be  exactly  one  half  of  that 
evolved  at  the  cathode,  is  a  question  not  yet  capable  of  explana- 
tion.— Ber,  Berk  (J hem.  Ges.^  ix,  1818,  January,  1877.      o,  p.  b. 

8.  Belation  of  the  Molecular  weights  of  Chemical  substances  to 
their  IIeaP<tbsorbing  power. — Aymonnet  has  examined  a  number 
of  simple  liquids  and  also  a  number  of  solutions,  with  a  view  to 
measure  their  power  of  absorbing  heat,  in  order  to  trace  some  con- 
nection between  this  property  and  their  molecular  weights.  The 
heat  rays  were  concentrated  upon  a  slit  half  a  millimeter  wide, 
then  passed  through  a  tank  containing  the  liquid  to  be  examined, 
then  throngh  a  lens  and  prism,  producing  a  spectrum.  A  thermo- 
pile having  an  opening  one  millimeter  wide  was  moved  millimeter 
by  millimeter  along  this  spectrum,  the  deflection  of  the  needle 
being  constantly  noted.  From  the  data  thus  obtained  the  amount 
of  heat  transmitted  is  calculated ;  the  difference  between  the  re- 
sults when  the  tank  is  full  and  empty  being  due  clearly  to  the 
absorption  of  the  liquid  within  it.  The  author  concludes:  1st, 
that  the  molecular  absorbing  power  appears  to  be  constant :  (A) 
for  the  elementary  bodies  when  dissolved  in  the  same  medium ; 
and  (B)  for  elementary  bodies  which  compose  substances  of  analo- 
gous chemical  constitution.  Among  other  physical  results,  he  has 
observed  that  when  the  temperature  of  a  source  of  heat  of  known 
character  is  raised,  the  absorbing  power  of  bodies  submitted  to 
the  radiations  from  this  source  all  diminish  in  the  same  ratio. — 
Bidl.  Soc.  Ch^  II,  xxvi,  December,  1870.  g.  f.  b. 

4.  On  the  Mcistence  of  Solid  Particles  of  Carbon  in  Luminous 
Piames. — Heumann,  in  his  fourth  paper  on  the  theory  of  luminous 

Am.  Joub.  Sci.— Third  Sbbibb,  Vol.  XIII,  No.  75.— Maboh,  1877. 
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flames,  considers  at  length  the  question  of  the  nature  of  the  light- 
emitting  material  in  luminous  hydrocarbon  flames,  and  concludes 
that  it  is  really  solid  incandescent  particles  of  carbon.  The 
proofs  he  ofiei-s  are :  ]  st,  the  increased  luminosity  which  chlorine 

fives  to  weakly  luminous  or  non-luminous  flames,  due  to  its  well- 
nown  property  of  separating  the  carbon  as  such.  2d,  a  rod  held 
in  a  flame  is  smoked  only  on  the  lower  side,  the  side  opposed  to 
the  gas  stream;  were  the  carbon  there  as  vapor,  as  Frankland 
assumes,  it  would  be  condensed  by  a  cooling  action  and  so  all 
around  the  rod.  3d,  a  body  held  in  the  flame  is  smoked  even 
when  it  is  in  a  state  of  ignition ;  this  therefore  cannot  be  con- 
densation of  a  vapor.  4th,  these  particles  can  be  actually  seen  in 
the  flame  when  it  is  made  to  strike  against  a  second  flame  or  an 
ignited  surface,  these  pai-ticles  aggregating  together  to  form  vis- 
ible masses.  5th,  the  luminous  portion  of  a  flame  is  not  very 
transparent,  no  more  so  than  the  layer  of  smoke  of  the  same  thick- 
ness which  rises  above  a  flame  fed  with  turpentine.  And  6th, 
flames  which  unquestionably  owe  their  luminosity  to  the  presence 
of  solid  particles  give  a  shadow  with  sunlight,  precisely  as  do 
'hydrocaroon  flames;  while  luminous  flames  composed  of  ignited 
gases  and  vapors  only,  give  no  such  shadow  in  sunlight. — Liebig^s 
AnncUen^  clxxxiv,  206,  Dec.  18V6.   .  g.  f.  b. 

5.  Alcohol  from  the  Leaves  of  the  sugar-beet. — Piekke,  assuming 
that  the  sugar  found  in  the  beet-root  must  be  elaborated  by  the 
leaves,  has  examined  these  leaves  for  sugar.  Owing,  however, 
to  the  difSculty  of  preparing  the  sugar  as  such,  he  subjected  the 
juice  expressed  from  tnese  leaves  to  fermentation,  and  from  the 
alcohol  obtained,  estimated  the  quantity  of  &ugar.  The  leaves 
employed  were  collected  in  November,  and  weighed  158  kilo- 
grams. They  yielded  34  to  35  liters  of  juice,  which  after 
fermentation,  gave  275  cubic  centimeters  of  alcohol  of  68  per 
cent.  Calculating  ^om  these  data,  each  hectare  of  land  would 
furnish  about  173  liters  of  absolute  alcohol,  as  a  minimum.—  C,  jB., 
Ixxxiii,  1075,  Dec.  1876.  g.  p.  b. 

6.  On  the  Detection  of  ordinary  Alcohol  in  Wood  Spirit, — 
Berthelot  gives  the  following  simple  method  of  recognizing  the 
presence  of  ethyl  alcohol  in  wood-spirit.  The  suspected  mixture 
IS  heated  with  twice  its  volume  ot  concentrated  sulphuric  acid, 
and  the  gases  evolved  collected.  If  they  consist  sole^  of  methyl 
ether,  they  will  be  entirely  absorbed  by  water  or  by  concentrated 
sulphuric  acid;  but  if  alcohol  be  present,  ethylene  will  be  formed 
which  is  insoluble  in  these  menstrua  under  these  conditions,  while 
it  is  absorbed  by  bromine.  So  small  a  quantity  as  one  or  two 
per  cent  of  alcohol  may  be  recognized  in  this  way.  Acetone  and 
other  similar  bodies  present  in  wood-spirit,  yield  no  ethylene. — 
Ann,  Chim,  Phys,^  V,  ix,  54,  Sept.  1876.  G.  F.  B. 

7.  Synthesis  of  AUantoln, — Gbimaux,  having  observed  that 
pyruvic  acid  in  reacting  upon  urea  generated  a  substance  pyruvile 
CjHgN.Oj^,  homologous  with  allantoin,  inferred  that  its  homo- 
logue,  glyoxylic  acid,  by  the  same  reaction  would  yield  allantoin 
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itself.  This  he  finds  to  be  the  fact.  One  part  of  glyoxylic  acid 
and  two  parts  of  urea  were  heated  to  100°  for  8  or  10  hours,  the 
mass  was  exhausted  with  four  times  its  weight  of  boiling  alcohol, 
and  the  residue  insoluble  in  alcohol,  was  dissolved  in  12  to  15 
times  its  weight  of  boiling  water.  This  on  cooling  deposited 
crystals,  which  after  recrystallization  appeared  as  brilliant  hard 
lustrous  prisms,  giving  on  analysis  the  formula  C^H^N^Og,  and 
having  an  the  properties  of  allantoin.     The  reaction  is : 

C3H303  +  (C0N,H,),=C,HeN;03+(H,0),. 
The  mode  of  its  formation  proves  allantoin  to  be  a  glyoxylic 
dinreide  with  the  constitutional  formula:  CH.   xtu"^  ^' 

--BuU.  Soc.  Ch,,  II,  xxvi,  482,  Dec.  1876.  G.  F.  b. 

8.  Rhodein^  a  new  test  for  Aniline. — Jacquemin  has  proposed 
a  new  test  for  the  presence  of  aniline,  which  is  a  modification  of 
the  hypochlorite  test.  A  centigram  of  aniline  in  500  c.  c.  of  water, 
shows  no  reaction  ordinarily  with  the  hypochlorite  of  sodium. 
Bat  if  a  few  drops  of  a  very  dilute  solution  of  ammonium  sulphide 
(one  drop  to  30  c.  c.  of  water)  be  added,  a  magnificent  rose  color 
is  developed,  due  to  a  new  body  which  the  author  calls  rhodein. 
As  4  milligrams  of  aniline  can  be  detected  in  a  liter  of  water,  the 
limit  of  delicacy  in  the  reaction  is  y^u^Voir* — Ann.  Chim.  Phys,^ 
V,  ix,  571,  Dec.  1876.  G.  f.  b. 

9.  Sensitive  Flavies. — Mr.  R.  H.  Ridout  has  devised  a  form  of 
burner  by  which  great  sensitiveness  is  attained  at  very  low  pres- 
sures, and  thus  the  principal  difficulty  ordinarily  experienced,  of 
maintaining  a  high  and  constant  pressure,  is  avoided.  A  glass  or 
metallic  tube,  about  five  inches  long,  and  five-eighths  inch  diame- 
ter, is  closed  at  one  end  with  a  perforated  cork,  through  which 
slides  a  piece  of  one-eighth  tubing  about  six  inches  long.  One 
end  of  this  is  either  drawn  out  to  a  jet  or  closed  in  the  blow-pipe 
flame  to  reduce  its  diameter  to  about  one-sixteenth  inch,  and  the 
other  end  is  connected  to  a  gas  supply.  The  outer  tube  is  held  in 
a  suitable  support,  and  the  inner  tube  is  pushed  through  the  cork 
till  it  nearly  reaches  the  mouth  of  the  outer  one,  and  a  light  is  then 
applied.  It  now  gives  a  long  steady  fiame  which  is  easily  rendered 
sensitive  by  lowering  the  inner  tube.  Several  effects  are  described 
which  may  be  shown  by  it  at  any  pressures  above  one-tenth  inch 
of  water. 

A  second  arrangement  is  figured,  in  which  two  parallel  vertical 
tubes  are  connected  by  a  horizontal  tube  in  which  a  drop  of  water 
is  placed  as  an  index.  A  very  slight  excess  of  pressure  is  shown 
by  the  motion  of  the  drop  to  one  side  or  the  other.  Allowing  gas 
to  flow  through  both  tubes  and  lighting  either  jet  the  water  vrill 
move  toward  the  other,  showing  that  the  effect  of  the  combustion 
is  to  obstruct  the  flow.  Similarly  it  may  be  shown  that  a  sensi- 
tive jet  produces  a  greater  resistance  when  its  length  is  shortened 
by  a  noise  or  musical  note.  This  effect  may  also  be  shown  whether 
the  jet  is  lighted  or  not. — Nature^  xv,  119.  e.  c.  p. 
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10.  Theory  of  IJuminous  Flames, — ^Dr.  Eabl  Hinmakk  has 
published  an  elaborate  discussion  on  this  subject,  in  which  he  con- 
cludes that  the  theory  of  Davy  must  be  altered,  but  need  not  be 
replaced  by  a  new  hypothesis.  From  a  discussion  of  the  work  of 
previous  observers,  and  a  variety  of  experiments  on  the  diminution 
and  restoration  of  luminosity  m  hydrocarbon  flames,  and  on  the 
distance  between  flame  and  burner,  he  arrives  at  the  following 
conclusions. 

(1.)  The  fact  that  li  gas-flame  does  noi  rest  upon  the  burner, 
nor  a  candle-flame  upon  the  wick,  as  also  the  fact  that  a  flame 
never  directly  touches  a  cold  body  held  within  it,  is  to  be  ex- 
plained by  the  cooling  action  exercised  upon  the  gas  by  its  sur- 
roundings. The  combustible  gases  are  cooled  throughout  a  deflnite 
space  below  their  ignition-temperature;  the  flame  is  therefore 
extinguished.     This  conclusion  is  opposed  to  that  of  Glochmann. 

(2.)  The  very  considerable  distance  noticed  between  the  burner 
ana  the  flame  of  a  gas  issuing  under  high  pressure,  or  mixed  with 
a  large  column  of  an  indifferent  gas,  cannot  be  accounted  for  on 
the  grounds  put  forward  by  Benevides.  The  production  of  such 
a  distance  is  much  rather  to  be  traced  to  the  cooling  action  of  the 
stream  of  gas  and  of  the  outer  air,  and  perhaps  more  especially  to 
the  fact  that  the  velocity  of  the  stream  of  gas  in  the  neighborhood 
of  the  burner  is  greater  than  the  velocity  of  propagation  of  ignition 
within  the  gas. 

(3.)  In  order  that  other  circumstances  conditioning  the  effect 
may  oe  removed,  the  velocity  of  propagation  of  ignition  must  be 
equal  to  that  of  the  gas-stream  at  the  point,  situated  some  distance 
from  the  burner,  where  the  flame  begins. 

Determination  of  the  velocity  of  ignition  should  be  made  under 
these  conditions  for  different  gases,  and  since  this  magnitude  is  a 
function  of  the  difference  between  ignition  and  combustion  tem- 
peratures, conclusions  may  be  drawn  from  such  experiments 
regarding  the  relations  existing  between  these  points. 

(4.)  The  velocity  of  propagation  of  ignition  may  be  easily  deter- 
mined for  solid  and  liquid  combustible  bodies ;  and  the  numbers 
so  obtained  may  be  regarded  as  comparative  quantitative  expres- 
sions for  the  liability  to  ignition  of  these  substances. — Arm.  der 
Chemie^  clxxxi,  11,  129,  clxxxii,  1;  JPhil,  Mag,^  iii,  1.     b.  o.  p. 

11.  Influence  of  Pressure  on  Combtistion. — M,  Wabtha  has 
observed  the  burning  of  six  stearine  candles  in  free  air,  and  in  an 
iron  case  under  a  pressure  of  1*95  atmospheres.  They  burned 
under  this  pressure  with  a  flame  of  9  to  12  cm.  long,  and  gave 
much  smoke ;  their  luminous  power  diminished,  while  the  flame 
assumed  a  yellowish-red  color.  The  decrease  of  weight  after  one 
hour  of  burning  was  found  to  be  less  than  in  burning  in  free  air. 
This  last  result  is  opposed  to  the  observations  of  Frankland,  who 
has  afSrmed  that  tne  consumption  of  the  burning  material  of  a 
candle,  or  the  like,  is  not  perceptibly  dependent  on  the  pressure 
of  the  medium  in  which  the  combustion  occurs.  It  is  supposed 
that  the  difference  of  pressure  in  Frankland's  experiments  (on 
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MoDt  Blanc  and  at  Chamouny)  was  not  sufficiently  great  to  give 
a  distinct  difierence  in  consumption  of  the  burning  matter.  M. 
Wartha  further  put  a  candle  to  bum  under  an  air  pump  receiver, 
with  special  apertures,  and,  with  increasing  rarefaction,  the  flame 
was  seen  to  enlarge,  and  its  luminous  power  to  diminish.  At  a 
pressure  of  90  mm.,  the  greatest  rarefaction  produced,  the  lumin- 
ous power  was  quite  gone,  and  the  flame,  which  now  assumed 
tbree-fold  size,  appeared  to  consist  of  three  parts,  an  inner  bluish- 

freen  cone  with  a  violet  sheath,  and  a  weakly  violet  mantle, 
he  diminution  of  the  luminous  power  in  this  case  M.  Wartha 
explains  by  the  fact  that  under  less  pressure  less  of  the  products 
of  combustion  are  separated  in  the  form  of  soot. — Nature^  xv, 
167.  E.  c.  p. 

12.  Large  Induction  CoU, — Mr.  Wm.  Spottiswoode  has  had 
the  largest  induction-coil  yet  made,  constructed  for  him  by  Mr. 
Apps.  This  coil,  which  is  capable  of  giving  sparks  42  inches  long, 
is  constructed  as  follows :  It  nas  two  primaries,  one  used  for  long 
sparks  which  has  a  core  consisting  of  a  bundle  of  iron  wires  '032 
in.  thick,  forming  a  solid  cylinder  44  in.  long,  and  d*56J5  in.  in 
diameter.  Its  weight  is  67  lbs.  The  copper  wire  of  this  primary 
is  660  yards  long,  '096  in,  in  diameter,  has  a  conductivity  of  "93 
and  a  total  resistance  of  2*3  ohms.  It  contains  1,344  turns  wound 
singly  in  six  layers,  has  a  total  length  of  42  in.  with  an  internal 
diameter  of  3*75  in.  and  an  external  diameter  of  4-75  in.  The 
other  primary,  which  is  intended  to  be  used  with  batteries  of  less 
resistance  for  short,  thick  sparks,  or  for  spectroscopes,  is  heavier 
than  the  other,  the  core  weighing  92  lbs.  arid  the  wire  84  lbs. 
The  latter  may  be  so  connected  as  to  be  equivalent  to  a  wire 
of  double  or  six  times  the  cross-section  of  a  single  wire.  The  sec- 
ondary coil  consists  of  280  miles  of  wire  arranged  in  341,850 
turns.  It  forms  a  cylinder  37*5  in.  in  length,  9'5  internal  and 
20  inches  external  diameter.  The  total  resistance  is  110,200 
ohms.  It  is  wound  in  four  sections,  the  diameter  of  the  wire  in 
the  two  central  sections  being  '0095  and  in  the  outer  '0115  and 
•0110.  The  increased  section  of  the  extremities  is  to  allow  for  the 
accumulated  charge  that  portion  of  the  wire  has  to  carry.  The 
condenser  requir^  proved  to  be  smaller  than  was  anticipated. 
The  size  commonly  employed  with  a  1 0-inch  coil  gave  the  best 
results.  It  consists  of  126  sheets  of  tin-foil  18X8*25  in.,  separated 
by  two  thicknesses  of  varnished  paper,  '0055  thick.  With  5 
quart  cells  of  Grove,  a  spark  of  28  inches  was  obtained,  with  1 0, 
one  of  35  inches,  with  30  one  of  37*5,  and  later,  one,  of  42  inches. 
As  these  sparks  were  obtained  without  difficulty,  it  appears  not 
improbable  that,  if  the  insulation  of  the  ends  of  the  secondary 
wire  be  carried  further  than  at  present,  a  still  longer  spark  might 
be  obtained.  The  insulation  is  such  that  70  cells  have  been  used 
without  injury.  With  the  28-inch  spark  a  block  of  flint-glass 
three  inches  in  thickness  has  been  pierced.  When  used  for 
vacuum  tubes  this  coil  gives  illumination  of  extreme  brilliancy 
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and  very  long  duration ;  with  20  to  30  cells  and  a  slow  working 
mercury  break,  giving,  say  80  sparks  per  minute,  the  striae  last 
long  enough  for  their  foi-ward  and  backward  motion  to  be  per- 
ceived directly  by  the  unassisted  eye.  The  appearance  of  the  strise 
when  viewed  in  a  revolving  mirror  was  unprecedentedly  vivid, 
and  this  even  when  only  two  or  three  cells  were  employed. — Phil 
Mag,^  iii,  30.  e.  c.  p. 

13.  Lectures  on  some  Recent  Adva^ices  in  Physical  Science^ 
with  a  Special  Lecture  on  Force  :  by  P.  G.  Tait,  M.A.  Second 
edition,  revised.  London,  18V6.  (Macmillan  <fc  Co.) — The  lectures 
of  Professor  Tait,  as  is  stated  in  the  preface  to  the  first  edition, 
were  delivered  in  the  spring  of  1874.  They  are  printed  in  the 
same  form  in  which  they  were  given  in  the  lecture-room,  with 
only  occasional  changes ;  the  somewhat  familiar  way  in  which 
the  principles  are  presented,  however,  is  by  no  means  a  defect  in 
the  book,  but  on  the  contrary  makes  it  all  the  more  interesting 
and  readable.  Of  the  thirteen  lectures  in  the  first  edition  about  one- 
half  are  on  the  subject  of  the  Conservation  and  Ti*ansformation  of 
Energy.  The  clear  and  systematic  way  in  which  Professor  Tait 
has  developed  this  most  important  subject  makes  the  book  an  inval- 
uable one  for  all  who  would  become  familiar  with  the  principles 
upon  which  modern  Physical  Science  is  based.  Not  the  least 
interesting  of  the  lectures  devoted  to  this  matter  is  the  one  in 
which  the  early  history  of  Energy  is  discussed,  from  the  laws  of 
Newton  to  the  experiments  of  Joule  and  Colding.  The  remaining 
six  lectures  are  devoted  to :  Radiation  and  Absorption,  the  Spec- 
trum Analysis,  the  Conduction  of  Heat,  and  the  Structure  of  Matter. 
These  subjects  are  treated  in  the  same  clear,  logical  way  which 
characterizes  the  discussion  of  the  principle  of  Energy.  A  lecture 
on  the  subject  of  Force  has  been  added  to  the  second  edition  of 
the  work;  it  was  originally  delivered  in  September,  1876,  before 
the  British  Association. 

IL  Geology  and  Mineralogy. 

1.  QrancTeury  on  the  Carhonlferons  Flora* — This  remarkable 
memoir,  though  entitled  the  Carboniferous  Flora  of  the  Depart- 
ment of  the  lioire  and  of  Centnd  France,  discusses  the  comparative 
distribution  of  the  coal  plants  of  all  parts  of  the  world,  and  the 
botanical  relations  of  all  the  genera  ot  the  Coal  period,  so  thai  it 
is  quite  as  much  a  general  as  a  local  work ;  and  it  is  in  truth  one 
of  the  most  important  contributions  made  for  a  long*  time  to  our 
knowledge  of  the  Paleozoic  Flora.  One  of  its  distinguishing 
characteristics  is  the  attention  given  by  the  author  to  tne  study 
of  plants  in  situ,  and  to  the  relation  of  their  parts  to  each  other, 
as  ascertained  in  the  beds  in  which  they  lie.  The  description  of 
coal  plants  from  mere  fragments  of  leaves  or  stems,  or  even  from 

^  Flore  Carbonif^re  du  Departement  de  la  Loire  et  du  Centre  de  la  France,  par 
F.  Cyrille  Grand'eury,  (Mem.  Acad.  Sci.  France.) 
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detached  frnits,  must  always  be  unsatisfactory,  and  yet  this  is  all 
that  has  been  possible  to  many  eminent  and  laborious  workers  in 
this  field.  We  need  however  much  more  than  this.  The  paleo- 
botanist  must  dig  for  himself,  and  spare  no  labor  to  trace  up  any 
plant  to  its  leaves  and  fructification  on  the  one  hand,  and  to  its 
roots  on  the  other.  For  work  of  this  kind,  M.  Grand'eury  seems 
to  have  enjoyed  great  facilities,  more  especially  in  the  sections  at 
St.  Etienne,  which  rival  those  of  the  South  Joggins  and  North 
Sydney  in  Nova  Scotia  in  their  exposure  of  plants  in  situ^  while 
they  seem  even  to  excel  them  in  the  preservation  of  minute 
etracture.  The  result  is  that  M.  Grand'eury  affirms  with  con- 
fidence many  correlations  of  parts  and  structures,  heretofore 
attested  on  the  evidence  of  actual  observation  in  the  Nova  Scotia 
sections,  but  which  have  been  persistently  denied  by  some  Euro- 
pean botanists,  because  not  in  harmony  with  their  preconceived 
views. 

In  the  strictly  botanical  part  of  the  work,  which  extends  to  348 
qaarto  pages,  with  an  atlas  of  thirty-seven  plates,  M.  Grand'eury 
passes  in  review  all  the  leading  genera  of  coal  plants,  and  more 
especially  those  which  constituted  the  forest  trees  of  the  period, 
\\  e  can  notice  only  a  few  of  the  more  important  points  on  which 
he  touches. 

Beginning  with  the  order  of  Valamarue,  which  he  recognizes 
as  belonging  to  the  vascular  Cryptogams  and  near  to  the  modern 
EquUetacem^  he  admits  as  true  genera  (Jalaufites,  Asterap/iyUiteSy 
Annulariay  EquiaetUes  and  SphenophyUum,  This  is  in  accordance 
with  the  views  always  held  by  our  American  paleo-botanists, 
but  contrary  to  the  hasty  statements  which  have  sometimes  been 
made  elsewhere,  that  the  leaves  known  as  AaterophyUUes^  t^heno- 
phyUum^  etc.,  were  those  of  Cal/jmites^  and  that  Calanntea  them 
selves  are  but  internal  casts  of  Galaynodendra.  On  these  points 
^I.  Grand'eury  brings  many  new  facts  to  show  diversities  in 
structure  and  fructification  between  these  plants.  He  recognizes, 
however,  some  Volkmannice^  as  being  fruits  of  AsterophylliteSj 
and  Pinnularice  as  roots  oi  Annular ia.  The  phenomena  of  erect 
stems  of  CcUamites  retaining  their  roots  and  other  appendages, 
and  the  structure  of  these  stems,  have  forced  him  to  the  same 
conclusion  always  maintained  by  the  writer  of  this  article,  that 
while,  as  Williamson  has  shown  in  his  admirable  memoirs,  there 
are  calamite-like  bodies  which  are  internal  casts  of  stems  of  Cola- 
modendra^  there  are  true  Calamites  of  quite  distinct  nature.  Of 
the  rhizomes  of  some  Calamites,  their  branching  at  the  base  and 
sides,  80  as  to  form  stools  or  clumps,  and  their  following  up  the 
increase  of  the  sediment  around  them,  by  sending  out  branches  at 
•  various  heights,  he  has  numerous  examples.  He  denies  the  Cala- 
mites true  leaves,  and  thinks  that  their  verticillate  branches  and 
branchlets,  which  are  sometimes  though  rarely  preserved  in  Nova 
Scotia,  were  either  unusual  or  very  deciduous. 

The  discussion  of  the  Ferns  is  full  of  interesting  matter ;  but 
cannot  be  entered  into  here,  except  to  state  that  he  sides  with  the 
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writer  in  regarding  Megaphyton  as  a  tree-fern  with  leaves  in  two 
series,  and  aerial  roots  (as  restored  in  Acadian  Greologv,  p.  448), 
and  recognizes  one  of  bis  French  species  as  identical  with  M. 
McLeayi  of  Lesquereux.  In  the  order  LycopodiaceaB  he  makes  the 
LepidodendrecB  a  separate  family,  including  the  genera  Lepidoden- 
dron  and  Lepidophloyos.  The  fatter  is  an  old  and  natural  genus  of 
Sternberg,  very  much  ignored  in  England,  but  which  has  been 
recognized  and  used  by  paleo-botanists  in  this  country.  Under 
the  name  PseiAdosigiUaria^  he  includes  some  stems  referred  by 
authors  to  SigiUaria^  but  which,  on  grounds  connected  with  the 
nature  and  arrangement  of  the  leaf-scars,  he  very  properly  asso- 
ciates with  the  Lepidodendra.  There  can  be  no  doubt  that 
man V  cases  of  this  kind  exist ;  though  it  may  be  doubted  whether 
the  founding  of  a  genus  for  them  is  the  best  mode  of  disposing 
of  such  doubtful  specimens.  Knorria  and  Halonia  are  recognized 
as  imperfectly  preserved  or  aberrant  LepidodendrecB. 

Perhaps  the  most  remarkable  part  of  this  memoir  is  the  great 
development  which  it  gives  to  the  group  of  Gymnosperms,  which, 
as  represented  in  the  Coal  formation,  he  divides  into  the  ordei-s 
of  the  SigiHariacece,  the  Cordaiacece  and  the  CalamodendracscB 
with  the  uncertain  group  of  Noeggerathim  As  to  the  Sigillaria 
family,  he  merely  ventures  to  divide  the  great  genus  Sigillaria 
into  provisional  sub-genera  in  the  same  manner  in  which  this  has 
been  done  by  others;  but  he  recognizes  Syringodendron  as  a 
separate  genus.  He  thinks  this  last  must  have  had  very  minute 
leaves,  and  he  refers  to  it,  as  its  roots,  certain  Stigmarioid  organs 
which  he  terms  Stigmariopsis^  and  which  differ  in  some  particulars 
from  the  true  Stigmaria  roots  of  the  SigiUaricB,  As  to  the  true 
SigiUaricBy  he  holds  with  Brongniart,  and  with  Newberry  and 
the  writer  in  America,  that  they  are  Gymnospermous,  or  perhaps, 
more  precisely,  that  the  true  StgiUarioe  are  of  this  rank,  but  that 
some  of  the  species  confounded  with  these  by  their  similarity  of 
external  markings,  may  be  allied  to  the  Ijepidodendra.  He  does 
not  seem  to  have  met  with  any  specimens  that  show  the  advanced 
structures,  approaching  to  those  of  the  Cycads,*  found  in  some 
Nova  Scotian  specimens,  but  he  considers  the  structure  of  the 
stem  exogenous,  and  the  resemblances  which  it  presents  to  Lepi- 
dodendron  as  merely  depending  on  adaptation  to  a  similar  habitat. 
He  has  not  found  the  fruit  of  Sigillaria  in  place,  but  believes  that 
he  has  discovered  indications  of  seeds  borne  on  the  bases  of 
leaves,  and  he  is  also  inclined  to  accept  the  circumstantial 
evidence  adduced  by  Dr.  Newberry  and  the  writer,  that  the 
Trigonocarpa  and  similar  fruits  may  have  belonged  to  some 
species  of  Sigillaria. 

The  elevation  of  the  genus  Cordaitee^  hitherto  very  imperfectly 
known,  to  the  rank  of  the  type  of  an  order  is  a  feature  in  this 
memoir.  In  some  parts  of  America  the  leaves  of  these  plants 
occur  in  excessive  abundance,  beds  of  shale  being  filled  with  them 

*  Incorrectly  said  to  resemble  Conifers,  which  is  a  misapprehension,  arising 
perhaps  from  tiie  imperfoct  way  in  which  they  have  been  figured. 
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and  layers  of  coal  apparently  composed  of  their  remains;  and 
they  range  all  the  way  from  the  Middle  Devonian  to  the  Permo- 
Carboniferous.  But  they  are  invariably  found  as  detached  leaves, 
and  their  broad  tliin  bases  give  the  idea  of  an  attachment  to 
merely  herbaceoos  stems.  These  stems  have  not,  so  far  as  I  am 
aware,  been  found  in  America  with  their  structure  preserved ;  and 
Corda,  who  alone  had  ^gured  this  stem  from  European  specimens, 
represents  it  as  having  a  slender  axis  of  scalariK)rm  vessels  re- 
sembling that  of  a  Lycopodiaceus  plant,  and  indeed  not  more 
developed  than  that  of  the  Psilophyton  of  the  Lower  Devonian. 
M.  Grand'eury  reverses  all  this.  He  adduces  facts  which  it  would 
be  impossible  here  even  to  summarize,  to  show  that  some  at  least 
of  these  plants  were  of  arboreal  dimeiisious  and  that  they  had  woody 
stems  similar  to  those  of  Conifers.  He  even  attributes  to  them  the 
wood  hitherto  known  as  Dadoxylon^  though  in  this  we  can  scarcely 
agree  with  him.  They  are  divisible  into  several  generic  forms, 
as  Cordaites,  Dory-cordaitea^  £hi-cordait€8t  and  Poorcordaitea^ 
which  it  is  however  admitted  may  be  very  distinct  from  each 
other  in  structure  and  aflBnities.  Their  fruits  were  the  Cardiocarpa 
and  other  kinds  of  CarpolUea^  and  when  borne  on  the  plant,  they 
constituted  spikes  which  have  been  known  as  Antholithes.  The 
material  illustrative  of  this  new  order  at  Grand'eury's  disposal  has 
been  very  extensive,  and  his  conclusions  deserve  careful  study  and 
attention,  though  one  can  hardly  help  suspecting  that  he  has 
united  to  the  oiSinary  Cordaites  plants  of  much  higher  affinities. 

The  Calamodendra^  whose  structure  was  first  made  out  by 
Cotta,  and  which  have  lately  been  so  well  illustrated  by  William- 
son, are  here  elevated  into  a  family,  which  includes  the  two  genera 
Arthropit%i9  and  Calamodendrony  agreeing  in  having  an  internal 
jointed  medullary  cavity  resembling  a  Calamite,  but  differing  in 
the  structure  of  their  wood ;  that  of  CcUamodendron  consisting  of 
alternate  radiating  plates  of  fibers  without  definite  order  and 
others  in  radiating  series.  The  leaves  of  these  plants  have  proba- 
bly been  confounded  with  those  of  Asterophyllites,  and  are  narrow, 
rigid  and  verticillate.  Williamson  has  shown  that  Calamostac/iys 
Binneyana  and  a  species  of  VoVcmannia  have  structures  similar 
to  those  of  Valatnodendron  and  ArthropUtis.  Grand'eury  believes 
that  these  may  be  male  strobiles  with  pollen,  and  that  the  true 
fruits  may  be  of  the  kinds  known  as  Polypterocarpus  and  IStepka- 
nospermum. 

The  concluding  plates  of  the  memoir  give  a  series  of  restorations 
of  the  principal  arborescent  plants  of  the  Coal  formation,  which 
are  all  highly  suggestive,  and  many  of  them  fully  warranted  by 
the  facts  stated  in  the  memoir.  The  part  of  the  memoir  devoted 
to  the  geological  relations  of  the  plants  described  might  well 
merit  a  separate  notica  It  treats  of  the  best  manner  of  subdividing 
the  Carboniferous  System;  of  the  characteristic  plants  of  each 
stage  of  the  system,  not  only  in  France  but  elsewhere ;  of  the 
plants  which  have  principally  contiibuted  to  the  formation  of  coal ; 
and  of  the  relations  of  these  plants  to  the  thickness,  quantity  and 
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age  of  the  coal-seams.    There  is  of  coarse  also  a  large  amount  of 
local  detail  relating  to  the  French  coal-fields. 

On  the  whole,  this  memoir  should  be  welcomed  by  all  paleon- 
tologists. It  is  undoubtedly  most  accurate  and  trustworthy  as  to 
the  afiSnities  of  the  coal  plants  which  the  author  has  been  able  to 
study  in  their  various  parts  and  organs ;  and  in  respect  to  all,  it  is 
most  suggestive,  and  cannot  fail  to  lead  to  clearer  views  of  the 
whole  subject.  One  conclusion  which  must  strike  every  one,  and 
on  which  the  writer  of  this  notice  has  long  insisted,  is  that  the 
arboreal  vegetation  of  the  Coal  period  must  have  been  much  more 
varied  than  has  been  usually  supposed ;  and  that  while  we  have 
no  doubt  been  instituting  many  unnecessary  species  for  mere  frag- 
ments, we  have  on  the  other  hand  been  forcing  into  unnatural 
union  very  diverse  forms,  by  trusting  to  merely  external  charac- 
ters. J.  W.   DAWSON. 

2.  Memoirs  of  the  Geological  Survey  of  ITenttickf/^  N.  S. 
Shaler,  Director.  Vol.  I,  334  pp.  4to.  1870. — This  first  volume 
of  the  publications  of  the  Greological  Survey  of  Kentucky,  con- 
tains four  Memoirs. 

The  first  is  on  the  Antiquity  of  the  Caverns  and  Cavern  life  of 
the  Ohio  valley,  and  is  by  Prof  SnALEa  We  learn  from  it  that 
in  the  Mississippi  valley,  while  the  limestone  of  the  Cincinnati 
group  contains  a  few  true  caverns,  far  the  larger  part,  and  the 
largest,  occur  in  the  Subcarboniferous  limestone.  In  Kentucky, 
this  limestone  has  an  average  thickness  of  150  feet  and  the  cav- 
erns are  exceedingly  numerous ;  the  author  states  that  the  length 
of  the  underground  channels  in  this  rock  accessible  to  water  is 
many  tens  of  thousands  of  miles ;  and  he  thinks  it  no  overstate- 
ment to  say  that  there  are  at  least  100,000  miles  of  open  caverns. 
Owing  to  these  channels,  the  tmveler  may  journey  for  fifty  miles 
over  many  parts  of  this  limestone  region  in  the  wet  season  and 
meet  with  no  running  water.  In  the  history  of  the  caverns  a 
firm  bed  of  limestone  has  often  held  the  streams  for  a  long 
period,  and  thus  a  tier  of  caverns  has  been  made ;  and  then,  this 
bed  becoming  worn  through,  the  waters  have  descended  and  com- 
menced work  at  a  lower  level,  and  so  successive  tiers  have  re- 
sulted. Prof.  Shaler  observes  that  the  most  surprising  feature  in 
the  architecture  of  these  caverns  is  the  existence  of  great  "  domes*' 
or  wells  which  often  rise  in  a  single  sweep  from  the  lowermost  to 
the  uppermost  level  of  the  caves ;  and  which  are  due  to  a  fall  in 
the  course  of  an  underground  stream  that  originated  in  the  early 
history  of  the  cavern.  Often  a  "  sink-hole"  opening  to  the  light 
begins  the  vertical  channel.  Thus  vertical  cnannels,  and  lofty 
domes,  tiers  of  great  caverns  along  successive  levels  communicat- 
ing with  one  another  by  the  channels  and  domes,  with  streams 
varying  from  still  pools  to  high  waterfalls  and  using  'pebbles  for 
abrasion  in  the  lower  portions,  are  the  principal  elements  of  these 
caverns.  The  massiveness  of  the  limestone  favored  the  formation 
of  great  caverns,  and  this  massiveness  Prof.  Shaler  attributes  to 
its  having  been  formed  chiefly  of  crinoidal  remains.    The  great 


Digitized  by  VjOOQIC 


Qeolngy  and  Mineralogy.  227 

profusion  of  orinoids  and  the  enormous  area  of  the  Carboniferous 
indicates,  he  remarks,  a  wide,  warm,  and  comparatively  shallow 
(the  Molluscan  remains  being  quite  large)  sea,  its  waters  richly 
charged  with  carbonate  of  lime. 

Pro£  Shaler  discusses  at  length  the  age  of  the  caverns  and 
states  as  his  conclusion  that  probably  ^*  while  some  caverns  may 
have  existed  in  the  Mississippi  valley  long  before  the  Tertiary 
period,  their  great  development,  with  the  consequent  chances  of 
organic  life  finding  its  way  into  cavern  conditions,  is  a  very  re- 
cent event.'* 

The  second  memoir  is  Prof.  J.  A.  Allen's  able  paper  on  the 
American  Bisons,  living  and  extinct,  already  noticed  on  page  76 
of  this  volume. 

The  third  is  by  Prof.  Shaler  and  is  the  first  of  a  series  on  the 
fossil  Brachiopods  of  the  Ohio  valley.  The  author,  in  this  paper, 
takes  up  the  very  important  question  of  amount  of  variation  in 
some  of  the  more  variable  species,  and  presents  tables  of  measure- 
ments, in  addition  to  detailed  remarks  on  the  different  characters 
and  the  distribution  of  the  species.  For  example,  under  Orthis 
occidentalism  measurements  pt  40  specimens  from  a  number  of 
localities  are  given,  including  dimensions  as  to  length  and  width 
of  shell,  length  of  hinge-line  and  of  muscular  impression,  width 
and  height  of  foramen,  and  other  points.  The  memoir  is  there- 
fore an  important  contribution  to  the  subject  of  the  variation  of 
species.  These  variations  are  wonderfully  great  in  many  cases. 
Thus  in  the  above  species  the  proportion  in  length  to  width  varies 
from  1  : 1-06  to  1 :  1*50.  This  article  is  illustrated  by  seven  plates, 
prepared,  like  other  plates  of  the  volume,  by  the  autotype  process, 
which  avoids  all  error  of  drawing  ;  and  it  is  stated  by  the  author 
that  he  first  bedded  the  specimens  in  white  sand,  thereby  doing 
away  with  the  shadows  which  make  one  of  the  difliculties  in  prop- 
erly taking  a  photograph  for  this  process. 

The  fourth  memoir,  by  Mr.  Lucian  Carr  and  Prof.  Shaler,  treats 
of  the  prehistoric  remains  of  Kentucky.  It  contains  a  very  judi- 
cious discussion  of  the  value  of  the  remains  in  N  orth  America  as  a 
measure  of  time,  together  with  other  interesting  descriptive  and 
historical  matter,  and  notes  on  the  source  of  the  material  of  the 
implements,  and  on  their  distribution  in  Kentucky.  It  is  illas- 
trated  by  seven  plates,  containing  autotype  reproductions  of 
arrow  heads,  pipes  and  other  articles. 

This  last  paper  is  to  be  continued  in  the  second  volume  of  Me- 
moirs, which  volume  will  contain  also,  as  announced  in  the 
Preface,  the  following  additional  memoirs:  on  the  Fossil  Corals 
of  Kentucky,  on  the  Fossil  Brachiopods  of  the  Ohio  Valley,  and 
on  the  Dynamic  Geology  of  Kentucky,  by  Prof.  Shaler  ;  "on  the 
Cavern  Animal?  of  Kentucky,  by  A.  S.  Packard,  F.  A.  Sanborn 
and  others ;  on  the  Cavem-dwelfing  Races  of  Kentucky,  by  F.  W. 
Putnam  ;  a  history  of  the  Investigation  of  Cavern  Animals,  by 
Dr.  H.  A.  Hag  EN. 

The  Memoirs  published  by  the  Survey  on  purely  scientific  sub- 
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jects,  like  those  mentioned  above,  will  make  a  series  of  pablica- 
tions  distinct  from  chapters  on  economical  matters.  The  Frefaoe 
states  that  the  Memoirs  may  be  purchased  separately  or  in  vol- 
umes at  the  office  of  the  Survey  in  Frankfort,  Kentucky. 

3.  R^ort  of  a  Reconnaisance  from  CarroU^  Montana  Territory^ 
on  the  Upper  Missouri  to  the  Yellowstone  National  Park^  and 
return^  made  in  the  summer  of  1876;  by  Wm.  Ludlow,  Captain 
of  Engineers,  Brevet  Lieut.  Colonel  XJ.  S.  Army,  Chief  Engmeer 
Department  of  Dakota.  Being  Appendix  NN  of  the  Annual 
Report  of  the  Chief  of  Engineers  for  1876.  142  pp.  8vo.  1876.— 
The  report  of  Colonel  Ludlow  gives  excellent  descriptions  of  the 
topographical  features  of  Montana  and  the  region  beyond  traversed 
by  his  expedition,  with  notes  also  on  routes,  cafLons,  the  geysers 
of  the  Yellowstone  Park,  and  many  other  subjects  of  interest. 

The  volume  also  contains  a  Zoological  Report  by  George  Bird 
Grinnbll,  which  is  an  annotated  Catalogne  of  Mammals  and 
Birds,  and  a  Geological  Report  by  Messi*s.  Edward  S.  Dana  and 
G.  B.  Grinnbll.  The  subjects  treated  of  in  the  last-mentioned 
report  are  the  alluvial  deposits  of  the  Upper  Missouri ;  the  Creta- 
ceous at  Carroll  and  beyond ;  the  Judith  Mountains,  where  were 
beds  of  Cretaceous  age,  and  the  trachytic  "Cone  Butte,"  a  conical 
hill,  about  3,400  feet  in  elevation  above  the  level  of  the  Missouri 
River,  the  average  height  of  the  Judith  Mountains ;  the  vicinity 
of  the  Moccasin  Mountains,  whose  appearance  '*  indicated  t)iat, 
like  the  Judith  Mountains,  they  are  largely  trachytic;"  the 
vicinity  of  Camp  Lewis,  where  the  beds  were  reddish  clays  and 
shale,  and  probably  Cretaceous;  the  west  end  of  the  Judith 
Mountains,  m  which  limestone  bluffs  containing  Carboniferous 
fossils  were  visited ;  the  region  beyond  to  Camp  Baker,  passing 
over  Carboniferous  limestone  in  Musselshell  Canon,  dipping  50 
to  60°  to  the  south  of  west,  which,  through  an  overturn,  was 
overlaid  by  Lower  Silunan  (Primordial  ?)  strata,  and  finding  the 
central  portion  of  the  Little  delt  Mountains  to  consist  of  trachyte; 
Camp  Baker  and  beyond  toward  Fort  Ellis,  where  occurred, 
besides  the  prevailing  Miocene  beds  (containing  remains  of 
Oreodon^  Rhinoceros^  etc.),  a  limestone  of  Primordial  age,  afford- 
ing an  OboleUa^  and  new  species  of  Trilobites  of  the  genera 
ArioneUns  and  Crepicephalus^  along  with  red  shales  and  quartzyte 
of  the  same  age ;  the  Bridger  Mountains,  having  Cretaceous  beds 
on  the  east,  next  Jurassic  (red  bands,  with  Jurassic  fossils),  and 
then  Carboniferous  limestone  at  the  summit,  with  older  rooks  on 
the  west,  having  in  places  a  reversed  dip;  the  geysers  of  the 
Yellowstone  Park. 

The  occurrence  of  a  Miocene  Lake  Basin  in  the  vicinity  of 
Camp  Baker  is  the  subject  of  an  article  bv  the  authors  in  vol.  xi 
of  this  Journal  (p.  126).  The  Cretaceous  formation  underlaid  the 
prairie  along  nearly  all  the  route  followed.  The  most  prevailing 
member  was  No.  4,  of  Meek  and  Hayden,  or  the  Fort  Pierre 
Clays.  But  besides  this,  No.  6,  or  the  Fox  Hills  Group,  was 
observed  at  several  points,  and  No.  6,  or  the  Fort  Union  Group, 


Digitized  by  VjOOQIC 


Oeology  and  Mineralogy.  229 

at  the  month  of  the  Judith  River,  overlying  No.  5,  where  the 
hones  of  a  Hadrosaurtia  were  obtained. 

The  new  species  of  fossils  collected  are  described  by  R.  P. 
Whitfield,  and  figured  on  two  plates.  The  trilobites  above 
referred  to  are  named  by  him  CrepicephcUus  {LoganeUua)  Mon- 
tanensis  and  ArioneUus  tripunctatus.  He  also  describes  the  fol- 
lowing new  species  of  Jurassic  age  from  the  Hridger  Mountains: 
Gryphon  plano-convexa^  GerviUia  sparsaiiratay  Myalina  ( Ger- 
viUia)  perplana;  also  a  new  Pinna  from  the  Carboniferous  of  the 
Musselshell,  P.  ijUcUovi, 

4.  TTie  YeUotostone  National  Park  and  the  Mountain  regions 
of  portions  of  Idaho,  Nevada^  Colorado  and  Utah.  Described 
by  Prof.  F.  V.  Hatden,  Geologist-in-charge  of  the  U.  S.  Govern- 
ment Exploring  Expeditions  to  the  Yellowstone  Valley,  and  of 
the  U.  S.  Geological  and  Geographical  Survey  of  the  Territories. 
Illustrated  by  chromo-lithographic  reproductions  of  Water-color 
sketches  by  Thomas  Moban,  Artist  to  the  Expedition  of  1871. 
Fifteen  plates  in  large  folio,  with  text  by  Prof.  Hayden.  Boston. 
1876.  (L.  Prang  &  Co.) — This  volume  of  colored  sketches,  illus- 
trating some  of  the  most  striking  points  in  Rocky  Mountain 
scenery,  is  magnificent  in  scale  and  beautifiil  in  execution.  Mr. 
Moran  is  well  known  for  his  fine  landscapes;  and  it  is  fortunate 
that  such  a  painter  has  been  over  the  wonderful  Yellowstone  re- 
gion with  his  pencil  The  colors  of  the  landscapes  will  be  thought 
too  brilliant  by  those  who  have  not  visited  the  region,  and  per- 
haps in  one  or  two  cases  the  artist  has  allowed  his  feelings  in  that 
exhilarating  atmosphere  to  influence  in  some  degree  his  brush. 
But,  in  other  cases,  that  for  example  of  the  scenery  along  the  Canon 
of  the  Yellowstone,  as  we  understand  from  one  who  has  visited 
the  region,  the  colors  even  fall  short  of  the  reality.  Speaking  of 
the  variety  and  richness  of  tints  over  the  rocks  of  that  region  and 
others  adjoining.  Colonel  Ludlow  says  (in  the  Report  noticed 
on  page  228)  :  "  Throughout  this  elevated  region  [the  Judith 
Basin],  and  more  especifflly  beyond  in  the  Yellowstone  Park,  we 
had  daily  occasion  to  observe  the  marked  depth  and  clearness  of 
the  coloring,  owing,  I  presume,  to  the  utter  purity  of  the  atmo- 
sphere. The  colors  of  objects  comparatively  near  by  seemed  to 
possess  an  unsurpassed  richness  and  reality ;  and  even  on  distant 
mountains,  seventy-five  or  eighty  miles  away,  while  the  tints  were 
necessarily  blended  and  their  details  lost,  they  exhibited  a  won- 
derful transparency  and  distinctness,  undimmed  by  the  haze  and 
vagueness  which  usually  obscure  such  objects."  He  thus  con- 
firms the  descriptions  which  Dr.  Hayden  and  others  have  given 
of  the  strange  variety  and  beauty  of  coloring  that  characterize 
the  rock-scenery  of  that  region,  and  not  of  that  alone  in  the 
Rocky  Mountains.  The  subjects  of  the  landscapes  are  the  follow- 
ing: (1)  Hot  Springs  of  Gardiner's  River,  Yellowstone  National 
Park ;  (2)  The  Great  Blue  Spring  of  the  Lower  Geyser  Basin, 
Yellowstone  National  Park;  (3)  The  Castle  Gevser,  Upper  Gey- 
ser Basin ;  (4)  Lower  Yellowstone  Range,  seen  n*om  the  Yellow- 
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stone  Park ;  (6)  Yellowstone  Lake ;  (6)  Tower  Falls  and  Sulphur 
Mountain,  Yellowstone  Park;  (7)  Head  of  Yellowstone  River; 
(8)  The  Grand  Canon  of  the  Yellowstone ;  (9)  The  Towere  of 
Tower  Falls;  (10)  The  Mountain  of  the  Holy  Cross,  Colorado; 
(11)  The  Mosquito  Trail,  Rocky  Mountains  of  Colorado;  (12) 
Summit  of  the  Sierra  Nevada;  (13)  Great  Falls  of  Snake  River, 
Idaho;  (14)  Vallev  of  Babbling  Waters,  Southern  Utah;  (16) 
The  Great  Salt  Lake  of  Utah.  As  specimens  of  chromo-lithogra- 
phy  and  of  artistic  effect,  the  plates  are  of  unusual  excellence. 

Prof  Hayden,  having  become  familiar  with  the  region  of  the 
Park  through  his  two  years  of  exploration  there,  and  also  with 
the  other  parts  of  the  mountains  in  the  course  of  his  repeated  ex- 
peditions, was  well  fitted  to  prepare  tlie  text  for  this  book  of 
Kocky  Mountain  landscapes. 

6.  Report  on  the  OeologiccU  Survey  of  Alabama^  ior  \%*IQ\  by 
EuGBNE  A.  Smith,  State  Geologist.  100  pp.  8vo,  Montgomery, 
Alabama. — The  work  during  1876  was  confined  to  the  valley 
known  as  Roup's  Valley  and  Jones's  Valley.  The  valley  occupies 
the  summit  of  an  anticlinal  in  the  southwestern  end  of  the 
Appalachian  region,  and  has  the  coal  basin  of  the  Warrior  on 
the  west  and  that  of  the  Cahaba  on  the  east.  The  anticlinal  has 
for  the  most  part  the  beds  sloping  regularly  outward  on  the  two 
sides ;  but  in  the  southwest  extremity  the  fold  has  been  lapped 
together  and  pushed  over  toward  th,e  northwest,  reversing  the 
dip,  so  that  all  the  strata  dip  southeast 

The  rocks  described  belong  to  the  Lower  and  Upper  Silurian,  the 
Devonian  and  Carboniferous  formations.  The  L  pper  Silurian  is 
represented  by  beds  of  the  Clinton  group — ^the  formation  that  in 
the  north  is  noted  for  the  presence  of  beds  of  red  lenticular  fos- 
sUiferous  iron  ore.  In  Alabama  the  same  ore  occurs  in  several 
beds.  The  strata  in  Tennessee  constitute  the  Dyestone  group  of 
Professor  Safibrd.  Analyses  of  various  iron  ores  and  limestones 
are  given  in  the  Report 

6.  Annual  Rep(yrt  of  Progress  and  Results  of  the  Wisconsin 
Geological  /Survey ^  for  the  year  1876 ;  by  T.  C  Chamberlin, 
Chief  Geologist  40  pp.  8vo.  Madison,  Wisconsin,  1877. — This 
report  contams  a  brief  summary  of  the  work  done  and  results 
obtained  during  the  year  1876.  It  states  that  "  a  collection  of 
20,000  or  more  fossils"  has  already  been  gathered,  many  of  them 
new  species,  and  that  this  part  of  the  work  is  in  the  hands  of  R.  S. 
Whitfield.  Among  the  facts  announced  we  learn  that  the  copper- 
bearing  series  of  Michigan,  with  its  trap,  extends  nearly  unmter- 
ruptedly  across  the  northwestern  part  of  Wisconsin ;  and  in  the 
bed  of  Nemakagon  River,  numerous  masses  of  native  copper  have 
been  found,  associated  with  the  trap,  which  apparently  were  not 
far  removed  from  their  native  bed,  indicating  that  it  is  a  rich 
copper  region. 

JProf  Irving,  one  of  the  geologists  of  the  Survey,  reports,  among 
other  things,  the  existence  of  large  quantities  of  kaolin  in  Wood 
and  Jackson  Counties. 
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7.  Report  of  the  State  Geologist  of  New  Jersey^  Professor  G. 
H.  Cook,  for  1876.  56  pp.  8vo. — This  report  states  that  the 
triangulation  of  the  State  by  the  Coast  Survey  has  been  continued 
through  the  year.  A  large  part  of  the  report  is  occupied  with 
facts  relating  to  the  subject  of  water  supply,  especially  for  Newark 
and  Jersey  City,  from  the  Passaic  River  water-shed.  Analyses 
of  the  waters  are  given,  and  some  effects  on  health  from  bad 
drainage  and  bad  water.  The  averaee  annual  rain-fall  deduced 
for  all  parts  of  New  Jersey  is  thirty  inches.  Of  this  it  is  estimated, 
for  the  purpose  of  the  calculations  which  follow,  that  forty  per 
cent,  or  twelve  inches,  may  be  collected  in  streams  and  reservoirs, 
— which  is  not  an  over-estimate,  since  on  the  Croton  water-shed 
it  has  been  found  that  sixty  per  cent  of  the  rain-fall  runs  off  in  the 
streams. 

8.  SaU  Region  of  Goderich^  Canada. — Prof.  T.  Sterry  Hunt, 
in  a  recent  article  on  this  region,  gives  the  following  section  and 
explanations. 

BORINe  WTTH  DIAMOND  DBILL  MB.   ATTRILL'S  WELL,   GODBBIOH. 

Feet.  Total. 

Clay,  gravel,  and  bowlders, 79  79 

Dolomite,  with  a  few  thin  limestone  layers, 278  357 

Limestone,  with  fossil  corals,  chert,  and  beds  of  dolomite, . . .  273  630 

Dolomite,  with  thin  seams  of  gypsum, _ 246  876 

Maris,  red,  green,  and  brown,  with  dolomite  beds, 121  997 

Rock  salt;  first  bed 31  1,028 

Dolomite,  with  marls  toward  the  base, 32  1,060 

Rock  salt:   second  bed, 25  1,085 

Dolomite, ^ 7  1,092 

Rock  salt;  third  bed, 36  1,127 

Marl,  with  dolomite  and  layers  of  anhydrite, 80  1,207 

Rock  salt;  fourthbed, 16  1,223 

Marl  and  dolomite :  7  1,230 

Rocksalt;  fifth  bed, 13  1,243 

Marls,  soft,  red  and  bluish,  with  beds  of  anhydrite, 136  1,379 

Rocksalt;  sixthbed, 6  1,386 

Marls,  soft  green  and  grayish,  with  dolomite  and  anhydrite,.  132  1,517 

From  the  above  section  it  will  be  seen  that  from  the  top  of  the 
marls,  which  began  at  876  feet,  we  have  641  feet  of  salt-bearing 
strata,  including  126  feet  of  solid  rock  salt,  and  that  the  base  of 
the  series,  that  is  to  say  the  magnesian  limestone  of  the  Guelph 
formation  which  underlies  it,  was  not  reached.  The  rock  salt  is 
represented  as  forming  six  beds,  but  the  second  and  third,  and 
also  the  fourth  and  fifth,  might  each  be  looked  upon  as  forming 
but  a  single  bed,  divided  in  two  by  a  few  feet  of  rock.  The  whole 
of  this  thickness  of  over  six  hundred  feet  of  strata  holds  more  or 
less  salt,  disseminated  in  small  masses  and  in  veins. 

The  salt  of  the  different  beds  is  not  alike  in  purity.  That  of 
the  upper  one  is  somewhat  discolored  by  an  admixture  of  clay, 
and  would  need  to  be  refined  by  solution ;  the  same  is  true  of  the 
fourth  and  fifth  beds,  while  the  sixth  is  pure  and  white.  The 
second  and  third,  which  may  be  considered  together  as  one  bed 
of  sixty-seven  feet  of  salt,  including  a  layer  of  seven  feet  of  rock, 
deserves  more  especial  attention.    This  great  mass  carries  at  the 
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top  about  one  foot  of  colorless  and  transparent  salt,  followed  by 
about  fourteen  feet  of  salt  slightly  discolored  in  parts  by  an 
admixture  of  a  little  clayey  matter,  and  then  by  10}  feet  of  per- 
fectly white  and  translucent  salt  of  singular  purity.  Below  this, 
after  seven  feet  of  rock,  succeeds  thirty  feet  additional  of  salt, 
nearly  pure,  but  clouded  in  parts  from  the  presence  of  a  little  clay. 

In  concluding,  I  may  call  attention  to  some  new  points  in  the 
geology  of  this  salt  deposit.  By  reference  to  the  Geology  of 
Canada  (1863)  and  the  geological  map,  it  will  be  seen  that 
Goderich  is  situated  at  the  base  of  the  Corniferous  or  Upper  Hel- 
derberg  limestone,  which  hefe  rests  directly  upon  a  porous  dolo- 
mite (magnesian  limestone),  supposed  to  represent  tne  so-called 
water-lime  beds  at  the  summit  of  the  Onondaga,  as  this  salt- 
bearing  formation  has  been  named.  The  fossiliferous  limestone 
strata  known  as  the  Lower  Helderberg,  which  in  New  York  are 
interposed  between  the  salt  formation  and  the  Corniferous,  have 
not,  with  the  exception  of  the  water-lime,  been  recognized  in 
Western  Ontario.  The  upper  part  of  the  Onondaga  consists 
chiefly  of  dolomites,  and  the  lower  of  marls,  often  with  gypsum 
beds.  Analyses  of  these  rocks  will  be  found  in  the  Geology  of 
Canada,  (pages  625  and  807).  Some  of  them  yield  excellent  hy- 
draulic cements.  The  whole  thickness  of  this  formation  on  the 
Niagara  River  is  from  200  to  300  feet,  but  it  increases  greatly  to 
the  northwest,  as  shown  by  our  section.  These  marls,  which  are 
mixtures  of  clay  with  magnesian  carbonate  of  lime,  are  often  very 
soft,  and  hence  are  sometimes  called  soapstone  by  the  well-borers. 
It  is  hardly  necessary  to  say  that  they  have  nothing  in  common 
with  the  true  soapstone,  or  steatite,  with  which  Mr.  Gibson  con- 
founded them. 

A  fact  of  much  interest  to  the  geologist  is  the  occurrence  below 
nearly  300  feet  of  dolomite,  of  273  feet  of  strata  in  which  pure 
limestones  prevail,  accompanied  toward  the  base  with  much  white 
chert  or  homstone.  These  limestones,  for  about  1 80  feet,  or  to  a 
depth  of  629  feet,  abound  in  corals,  chiefly  species  of  Favorites 
like  those  of  the  Corniferous  limestone.  From  these  facts  it 
would  seem  that  the  outer  ocean,  which  at  that  time  must  have 
already  contained  the  corals  of  the  Corniferous  period,  invaded 
the  area  of  the  salt  basin,  and  there  formed  the  coralline  lime- 
stones, after  which  it  was  shut  out  during  the  formation  of  the 
upper  278  feet  of  dolomite,  when  it  again  returned,  depositing 
over  the  whole  its  covering  of  Corniferous  limestone.  Geologists 
will  await  with  interest  the  result  of  a  further  study  of  the  organic 
remains  of  this  limestone,  and  as  Mr.  Attrill  proposes  to  com- 
mence the  work  of  sinking  the  shaft  in  the  spring,  an  opportunity 
will  soon  be  aflorded.  The  task  of  opening  a  mine  at  this  depth 
can  scarcely  be  completed  in  less  than  two  years,  and  may  require 
a  longer  time. 

9.  Glaciers  in  the  Urals  during  the  Qlacial  Era^ — It  is  reported 
by  M.  Poliakoff',  that  there  are  glacial  strise,  scratched  bowlders, 
and  moraine  deposits,  on  the  east  slope  of  the  Urab,  above  the 
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level  of  the  stratified  sand  and  gravel.  The  glacial  strise  have  a 
southeast  direction.  A  lower  secondary  ridge,  the  last  crossed  by 
the  highway  before  Ekaterinburg,  has  many  parallel  ranges  of 
immense  bowlders. — Nature^  Feb.  1. 

10.  THlobites.— Mr.  C.  D.  Walcott,  of  Trenton  Falls,  New 
York,  a  famous  place  for  Trenton  Trilobites,  has  succeeded  in 
finding  many  specimens  that  illustrate  directly,  or  by  sections, 
the  nature  of  some  of  the  interior  organs  of  the  species.  He 
has  detected  in  many  individuals  axial  appendages  beneath  the 
dorsal  shell.  In  Cerattru^  pleurexattthemus  each  segment  of  the 
thorax  and  pygidium  and  the  three  posterior  of  the  head  have 
a  pair  beneath  the  axial  processes.  Those  of  the  thorax  and 
pygidium  appear  to  be  short  cylindrical  supports  for  swimming 
appendages  or  rudimentary  ambulatory  organs ;  and  those  of  the 
head  present  an  obscurely  jointed  structure.  In  the  same  species 
there  are  "  obliquely  inclined  Ijars  beneath  the  pleural  lobes,  near 
the  union  with  the  free  pleurae,"  which  he  regards  as  connected 
with  branchial  appendages."  In  nine  of  his  sections  he  has  counted 
43  such  appendages.  The  bars  appear  to  have  had  a  fleshy  or 
muscular  support.  The  greatest  number  of  bars  seen  in  position 
belonging  to  one  appendage  is  fourteen ;  it  is  rare  to  find  them  in 
position.  Longitudmal  sections  at  the  union  of  the  pleural  lobes 
and  free  pleurse  show  the  branchial  appendages  as  rows  of  dots, 
varying  from  square  to  oblong  in  shape.  In  Calymene  senaria 
these  appendages  are  essentially  the  same  as  in  Ceraurus.  Nume- 
rous central  longitudinal  sections  of  Ceraurue  show  the  mem- 
brane covering  the  visceral  cavity  beneath  the  axial  lobe. 
Acidaspia  Trentonensia  is  closely  like  the  Ceraurtis  m  the  struc- 
ture of  its  ventral  surface. 

The  ventral  surface  in  AsaphtM  platycephalua  appears  to  have 
been  strengthened  by  arches,  which  supported  the  double  row  of 
appendages  on  each  side  of  the  central  axis.  These  are  the  arches 
which  were  suspected  to  be  legs  by  Billings. 

These  notes  are  from  a  brief  paper  by  Mr.  Walcott,  from  the 
28th  Report  of  the  New  York  State  Museum,  printed  in  Septem- 
ber last,  in  advance  of  its  publication. 

11.  Geology  and  I*aleofttology  of  the  Argentine  Republic,  II, 
Paleontological  part;  2nd  division,  on  the  Rhetian  plants  and 
animal  remains  of  the  Provinces  of  La  Rioja,  San  Juan,  and  Men- 
doza,  by  Dr.  H.  B.  Geinitz.  10  jjp.  4to,  with  two  plates. — The 
species  here  described  by  Dr.  Geinitz  are  the  fish,  tSemionotus 
Mendozaeneis  Gein.,  the  Crustacean,  EatJ^eria  Mangalieneis  Jones, 
a  species  first  described  from  Mangali  of  N4gpur  in  Central  India ; 
and  among  the  plants  there  are  the  Ferns,  Thinnfeldia  crassi" 
nervis  Gem.,  Th,^  tenuinervia  Gein.,  JP<zchypteria  Stelzneriana 
Gein.,  Otopteria  Argenti/nca  Gein.,  HyrnenophyUitea  Mendozamaia 
Gein.,  JBaiera  toeniata  Braun,  Pecopteria  te7iuia  Schouw,  a  species 
described  originally  from  I.  Bornholm,  and  from  Whitby,  Eng- 
land, Tcmiopteria  Mareyeaiaca  Gein.;  the  Cycad,  PterophyUu/m 
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Oeynhauaianum   G5pp.,  a  European   species,  and  the  Conifer, 
PcUissya  Brauni  Endl.  var.  minor ^  Gein. 

12.  Memoire  sur  les  Caracthrea  Mineralogiques  et  Stratigraph- 
iques  des  Roches  dites  Plutoniennes  de  la  Belgique  et  de  PAr- 
deune  Fran^ieey  par  MM.  Ch.  De  la  VallJib  JPoussin  et  A. 
Renabd.  264  pp.  4to,  with  nine  plates,  six  of  them  containing 
colored  figures  of  thin  sections.  A  detailed  account  of  the  rocks 
referred  to,  based  largely  on  the  study  of  their  sections.  In  the 
quartziferous  dioryte  of  Quenast,  the  authors  distinguished  cubic 
crystals  in  the  liquid  filling  minute  cavities  in  the  quartz,  and 
proved  the  crystals  to  be  chloride  of  sodium  or  common  salt. 

1 3.  Note  on  the  new  loccUities  of  the  Columdic  acid  mineraU, 
and  two  //et/?  Columbates ;  by  J.  Lawrence  SMriH. — The  locality 
near  Marion,  North  Carolina,  is  now  well  known,  as  furnishing 
large  and  fine  specimens  of  Samarnkite.  It  was  doubteci  by  some 
mineralogists  whether  or  not  it  was  true  Samarskite.  I  have  been 
able  by  chemical  analysis  to  establish  beyond  all  doubt  that  it  is 
a  very  fine  type  of  this  rare  mineral  (the  cause  of  the  doubt  I  will 
refer  to  another  time),  confirming  Mr.  E.  S.  Dana's  conclusion, 
based  on  its  crystallo^a)}hic  character.  In  studying  the  mineral, 
1  found  associated  with  it  three  other  columbates— one  of  them 
already  known,  viz.,  Euxenite,  and  two  new  ones.  One  is  in  the 
form  of  a  very  characteristic  mamillary  concretion,  and  contains 
sixteen  per  cent  of  water.  The  other  is  found  massive,  and  also 
in  regular  octahedrons,  of  which  a  few  have  been  found ;  it  resem- 
bles somewhat  pyrochlore,  but  differs  from  it  both  by  its  chemical 
and  physical  characteristics,  its  specific  gravity  being  4*85.  The 
latter  mineral  I  saw  about  eight  months  ago,  in  the  hands  of  Mr. 
J.  Price  Ralston,  and  then  supposed  it  was  new.  He  had  sent  a 
specimen  to  Mr.  E.  S.  Dana,  who  gives  some  of  its  characters  in 
connection  with  his  crystal lograpic  description  of  Samarskite,  and 
refers  it  with  a  query  to  microlite.  Since  then  Mr.  Ralston  has 
kindly  sent  me  his  crystals,  and  I  have  now  made  out  its  nature 
thoroughly.  The  analysis  of  it  will  appear  in  a  forthcoming 
paper  on  the  American  columbates. 

in  addition  to  the  above,  I  have  discovered  embedded  in  the 
beautiful  crystals  of  Amazon  stone,  from  Colorado,  very  small, 
perfect  crystals  of  columbite. 

14.  BiUletin  of  the  Busaey  Institution^  Jamaica  Plain^  Boston^ 
Maes.  Vol  ii,  part  I.  80  pp.  8vo.  1877.— Among  the  papers  in 
this  valuable  bulletin  there  are  the  following  by  Pro£  F.  H. 
Storer :  on  the  amounts  of  potash  and  phosphoric  acid  in  several 
kinds  of  rocks ;  on  the  agricultural  value  of  spent  dye-woods  and 
tan ;  on  the  composition  of  buck-wheat  straw ;  on  the  fertilizing 
power  of  roasted  leather;  notes  of  experiments  in  which  buck- 
wheat plants  were  watered  with  solutions  of  peat  in  alkalies. 

From  the  first,  treating  of  the  presence  of  Phoephaiee  avd  Pot- 
ash in  BockSj  we  learn  that  seven  granites,  all  from  eastern 
Massachusetts,  excepting  one  from  the  base  of  Monadnock,  New 
Hampshire,  afforded  2*587  to  7 '434  p.  c.  of  potash,  and  0*058  to 
1*191  of  phosphoric  acid. 


Digitized  by  VjOOQIC 


Geology  and  Mineralogy, 


235 


PeO,  K,0 

ar  sjenites,  eastern  Massachusetts 1-407-5 -241  0-042-0  066 

CA  schist  from  Dracut -          4*356  0287 

mpact  blue  slate  from  Somerville 3-875-3-913  0*085 

1-294  0-098 

'rap"  from  *' MUk  Row  Quarry" 0-303  0-444 

WestDedham 1007  0-194 

artz  rock,  \virli  streaks  of  feldspar,  West  Dedham  ^.          5-035  0-053 

ach  sand,  Essex,  Mass _          2-384  0051 

ne  sand,  Provincetown,  Mass .-          0-613  0*050 

id  from  bed  near  the  Bussey  Institution 0891  0*035 

lite  Berkshire  sand  used  for  gla^  making 0  448-0-630  0-0*021 

15.  Hehjhts  on  Long  IsiancL — The  foil  owing  facts  are  con- 
buted  ill  a  letter  to  Professor  James  D.  Daua,  from  Mr.  E. 
'wis,  Jr.,  of  Brooklyn,  giving  the  elevation  and  position  of  some 
the  principal  hills  upon  Long  Island.  The  range  of  hills  which 
tends  with  some  interruptionK  through  a  considerable  portion  of 
mg  Island,  varies  from  150  to  384  feet  above  tide,  and  is  of  great 
ological  interest.  They  constitute  a  prominent  feature  of  the 
eat  terminal  moraine  of  the  ice  sheet  upon  this  part  of  the  ocean 
rder,  and  afford,  as  I  have  elsewhere  shown,  data  by  which 
?ent  oscillations  of  the  coast  may  be  determined.*  Indeed,  it  is 
'  the  presence  and  position  of  beds  of  modified  drift  upon  these 
lis,  and  along  their  slopes,  that  the  extent  of  subsidence  since 
e  bowlder  drift  was  deposited  can  be  made  out. 
Tlie  heights  given  are  in  part  from  the  manuscript  records  of 
'.  Hassler,  kindly  furnished  by  the  Coast  Survey  office.  Others 
e  from  measurements  made  by  the  writer  and  others.  In  the 
mediate  vicinity  of  some  of  the  hills  whose  heights  are  given 
?  others,  nearly  as  high,  forming  groups,  as  West  Hills  and  Dix 
lis  groups  in  Suffolk  County,  With  the  heights  is  given  the 
stance  of  each  locality  from  the  City  Hall  in  Xew  York,  as  laid 
\vn  on  the  3Iap  of  Long  Island.  Beginning  at  the  extreme 
Btern  end  of  the  island  we  have : 

Elevation. 

Montauk  Point. 85  fcet.f 

Fort  Pond  Hill' 194   " 

Neapeague    **    135   •' 

Amafransett  "    161    " 

Shinecock      "    _ 140    '• 

Osbora's        "   (near  Riverhead ).     _ .  293    " 

Riiland'a        "   (South  of  Coram) 340    " 

West  Hills,  (High  Hill  Field,  known  as  Jane's  BiW  354^  " 

Layton's  Hill,  (Wheatly),'- _.  380    " 

WestburvHilU - 260    " 

Hempstead  Harbor  Hill.« .._.  384   ** 

John  M,  Clark's  Hill,  (Manhasset)/ _  326   '* 

Smith's  HOI,  "  ^ 332    " 

Prospect  Hill,  (Brooklyn), 194   "     f 

Height  by  Coast  Survey  383  feet.  I  found  it  by  aneroid  to  he  scarcely  more 
m  355  feet.  A.  J.  Spooner,  Esq.,  in  his  memoir  of  the  Hon.  Silas  Wood,  late  of 
;ntington,  says,  "  He  (Mr.  Wood),  had  the  elevation  of  Oakley's  High  Hill  Field 
:en  in  Oct*)b€r.  1825,  by  Mr.  Abel  Ketcham,  an  accurate  surveyor,  who  deter- 
aed  the  height  to  be  354^  feet  above  the  water  level  of  the  Sound."      The 
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*  This  Journal  for  March,  1877. 
f  From  U.  S.  Coast  Survey. 
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survey  he  states  was  recorded  in  the  Town  Records  of  Huntington.  It  is  possible 
that  in  transcribing,  353  feet  may  have  been  mistaken  for  383  feet 

^  The  heights  of  ihis  great  mound  of  unmodified  drift  is  not  satis&u}toril7  deter^ 
mined.     The  height  given  is  nearly  correct. 

'  Measured  from  half-tide  level  by  Hon.  Stephen  Tabor,  of  Roslyn. 

*  Heights  determined  by  George  B.  Brainerd,  Esq.,  Engineer  in  the  Brooklyn 
Water  Department,  and  by  the  writer. 

From  the  hills  mentioned,  and  from  others  of  the  range,  exten- 
sive views  may  be  had,  and  the  contour  of  the  island  thronghoat 
its  entire  breadth  studied  to  great  advantage.  A  striking  feature 
observed  is  the  vast,  nearly  level  plain  which  extends  from  the 
foot  of  the  hills  southward  to  the  Great  South  Hay.  At  a  distance 
of  from  one  to  two  miles  from  the  foot  of  the  hills  the  following 
elevations  above  tide  were  determined  by  early  surveys,  for  the 
Long  Island  Railroad.     I  quote  from  Prime's  History  as  follows : 

1.  Bedford,  (in  the  city  of  Brooklyn), 73  feet 

2.  Jamaica, 40  " 

3.  Mineola 103  " 

4.  Hicksville, 142  " 

5.  Parmingdale, 63  " 

6.  SufEolk  Station, 90  " 

7.  Medford, S2  " 

8.  Riverhead, 32  " 

9.  Southold, 40  " 

The  average  elevation  of  the  "  Plains,"  so-called,  along  the  line 
of  the  railroad,  is  therefore  about  70  feet.  Northward  of  the  bills, 
extending  to  the  Sound,  the  surface  is  uneven,  and  no  general 
topographical  survey  of  it  has  been  made.  We  have,  however, 
the  elevations  at  several  points.  Some  of  these  exceed  200  feet, 
and  an  estimate  of  the  general  elevation  of  the  surface  formerly 
made,  of  from  130  to  150  feet,  is  not  far  from  correct. 

III.  Botany  and  Zoology. 

1.  Dextrorse  and  Sinistrorae:  Which  is  right  and  which  is  left, 
as  applied  to  twining,  overlapping  in  flower-buds,  and  course  of  the 
spiral  in  phyllotaxis  ?  There  are  two  opposite  ways  of  regarding 
it ;  according  to  one  a  hop-vine  turns  to  the  left,  according  to 
the  other,  to  the  right ;  and  authorities  and  usage  are  divided. 
Uniformity  is  most  desirable,  and  this  seemed  to  be  secured  when 
the  view  taken  by  Linnseus  was  adopted  by  the  elder  DeCandolle 
and  followed  "by  Mohl,  Palm,  A.  Braun,"  Alph.  DeCandolle, 
"  and  other  observers."  Still  the  opposite  view  is  now  coming  in, 
and  if  it  should  prevail  against  such  an  array  of  authority  it  must 
be  because  it  proves  more  convenient  and  sensible  in  practice. 
From  an  article  in  the  Gardeners'  Chronicle  for  January  13,  last, 
we  learn  that  the  subject  was  taken  up  by  M.  Alph.  DeCandolle 
(whose  judgment  would  always  be  much  deferred  to)  at  a  recent 
meeting  of  the  Botanical  Society  of  France.  As  we  have  seen  no 
report  at  first  hand,  we  make  the  following  extract  from  the 
Gardeners'  Chronicle.  It  purports  to  represent  the  view  and  the 
reasoning  of  another  excellent  botanist,  A.  Braun : 
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"  Professor  Brnun  remarks  that  the  best  way  to  follow  in  de- 
termining the  direction  of  the  spiral  is  to  follow  the  indication  of 
the  object  itself.  It  is  the  animal  or  plant  which  ascends  or  de- 
scends, or  goes  to  the  right  or  the  left.  Again,  in  the  case  of  an 
animal  the  position  of  an  observer  is  of  no  consequence.  We  can 
distinguish  the  right  and  left  sides  of  the  animal,  not  from  our 
position  in  relation  to  it,  but  according  to  the  conformation  of  the 
animal  itself.  The  animal  cannot  speak  to  us  and  tell  us  which  is 
bis  left  and  which  his  right  flank,  but  we,  speaking  animals,  are 
able  to  do  so.'* 

That  is  to  say,  the  animal — or  rather  the  vertebrate  animal — 
haying  front  and  back,  has  consequently  a  right  side  and  a  left. 
Bat  the  stem  of  a  plant  has  none  of  these  relations,  neither  front 
nor  back,  therefore  neither  right  nor  left.  When  we  predicate 
rigbt  or  left  of  a  stem,  or  of  a  flower-bud,  obviously  it  is  the  right 
or  left  <»f  a  viewing  person.  DeCandolle's  illustrations  concede 
this,  although  that  of  Braun  ignores  the  distinction.  When  "  in 
the  case  of  a  river  the  universal  practice  is  to  call  the  left  bank 
that  to  the  left  hand  of  an  observer  supposed  to  be  following  the 
natural  onward  course  of  the  stream,"  this  is  because  it  is  more 
natural  to  go  with  the  current,  and  it  is  the  traveler's  not  the 
river's,  right  that  is  designated.  So  the  difference  between  the 
two  schools  in  the  case  in  hand  resolves  itself  into  the  position 
which  the  observer  is  supposed  to  occupy.  "  M.  DeCandolle," 
following  LinnsBus,  "  supposes  himself  in  the  center  of  the  coil  " 
in  the  case  of  a  twining  stem.  Bentham  and  Darwin  suppose 
themselves  on  the  outside, — a  more  feasible  position,  as  it  seems 
to  us,  and  its  naturalness  is  recognized  by  the  mechanic,  who 
everywhere  regards  the  common  screw  as  a  right  handed  screw, 
and  that  in  which  the  spiral  rises  towards  the  left  of  the  outside 
observer  as  a  left  handed  screw.  If  this  is  the  natural  way  to  look 
at  a  screw,  why  not  the  natural  way  to  look  at  a  twisted  stem,  or 
a  coiled  stem?  Wherefore  we  conclude  that  this  way  of  regard- 
ing the  case,  as  practiced  by  Bentham  and  Darwin,  is  coming  into 
vogue  in  spite  of  Linnasan  authority,  on  account  of  its  intrinsic 
reasonableness  and  convenience.  a.  g. 

2.  A  Botanical  Necrology  of  1 876. — The  list  is  headed  by  the 
distinguished  name  of 

Adolphe  Theodore  Broxgniart,  who  died  in  January,  1876, 
just  when  he  had  completed  the  76th  year  of  his  age.  Tiie  long 
list  of  his  publications  began  in  the  year  1 820,  and  was  inter- 
rupted only  at  his  decease,  his  latest  communications  to  the  Acad 
emy  of  Sciences  and  to  the  Botanical  Society  of  France  being  in 
the  year  1875.  Some  interesting  investigations  in  fossil  botany, 
which  wei-e  in  hand  when  he  succumbed,  are  left  unfinished.  The 
Bulletin  of  the  Botanical  Society  of  France,  under  date  of  Feb. 
25,  contains  the  touching  and  instructive  funeral  discourses  pro- 
nounced by  his  colleagues  Duchartre,  Decaisne,  Bureau,  Jour- 
dain,  Chatin,  and  others. 

John  Joseph  Bennett,  the  associate  of  Robert  Brown  in  all 
the  latter  part  of  his  life,  and  his  successor  as  keeper  of  the  Her- 


Digitized  by  VjOOQIC 


288  Scientific  Intelligence, 

baria  of  the  British  Museum,  up  to  the  close  of  the  year  1 870,  was 
born  January  8,  1801,  and  died  Feb.  29,  '.876.  He  was  one  of 
the  best  and  most  amiable  of  men,  one  of  the  most  learned  and 
the  most  modest ;  and  his  writings,  like  those  of  his  master,  Rob- 
ert Brown,  have  an  importance  greatly  exceeding  their  number 
and  pretension.  There  is  a  biographical  notice  in  Trimen's  Jour- 
nal of  Botany,  with  a  good  portrait. 

Christian  Gottfried  Ehrenbbrq,  whose  death,  on  the  22d  of 
June,  at  the  age  of  82,  was  duly  announced  in  this  Journal,  must 
also  be  counted  among  the  botanists,  against  his  early  convictions 
as  respects  his  life-long  work  upon  the  Diatomacese,  and  some  of 
his  earliest  papers  relate  to  Phanerogamic  Botany.  His  earliest 
botanical  paper  bears  the  date  of  1 820. 

Leopold  FttcKEL,  the  Mycologist,  author  of  the  classical  Fungi 
Rhenani  Exsiccati,  died  at  Vienna,  May  8,  1876. 

Edward  Newman,  who  died,  near  London,  June  12,  1876,  at 
the  age  of  75,  was  better  known  as  a  zoologist  than  as  a  botanist, 
but  is  to  be  remembered  among  the  botanists  and  amateurs  for  his 
well-known  History  of  British  Ferns,  which  has  passed  through 
four  editions,  and  as  the  principal  editor  of  the  Phvtologist,  from 
1841  to  1854. 

Joseph  Carson,  M.D.,  long  the  professor  of  Materia  Medica  in 
the  University  of  Pennsylvania,  died  at  Philadelphia,  December 
30,  at  the  age  of  68.  He  was  an  active  general  botanist  in  his 
earlier  years.  Later  his  attention  in  this  line  was  mainly  directed 
to  the  history  of  medicinal  plants,  especially  those  of  Amenca. 
In  lore  of  this  kind  he  had  no  superior,  at  least  since  the  prema- 
ture death  of  Han  bury,  and  in  tnis  country  he  leaves  no  equal. 
He  was  an  excellent  teacher,  a  firm  friend,  and  a  most  estimable 
man.  Dr.  Carson  was  one  of  a  considerable  circle  of  botanists, 
whose  acquaintance  the  present  writer  made  at  Philadelphia  more 
than  forty  years  ago,  of  which  there  is  now  only  one  survivor, 
and  he  no  longer  a  resident  of  Philadelphia.  A  good  notice  of 
Dr.  Carson  was  contributed  to  the  January  number  of  the  Bulle- 
tin of  the  Torrey  Botanical  Club,  by  its  worthy  President.  In  it 
the  portrait  of  F.  Andre  Michaux,  which  has  for  many  years 
adorned  Dr.  Carson^s  study,  is  referred  to  as  "so  far  as  known, 
the  only  likeness  of  that  botanist  extant."  It  may  be  worth 
while  to  record,  that  the  writer  of  the  present  notice  is  the  pos- 
sessor of  a  daguerreotype  likeness  of  the  younger  Michaux,  taken 
in  Paris  a  year  or  two  before  his  death,  and  from  which  a  photo- 
graphic copy  has  subsequently  been  taken. 

WiLHKLM  HoFMEisTER,  the  distinguished  vegetable  anatomist, 
successor  of  Von  Mohl  in  the  chair  of  Botany  at  Tubingen,  as  we 
learn,  died  on  the  12th  of  January  last.  a.  g. 

3.  Mistletoe  ( Viscum  album  Linn.)— MM.  Grandeau  and  Bouton, 
in  chemical  examinations  of  the  mistletoe,  find  that  the  stem 
differs  essentially  in  composition  from  that  of  the  tree  on  which  it 
grows,  and  varies  with  the  species ;  it  contains  much  more  potash 
and  phosphoric  acid  than  its  supporting  tree  and  much  less  lime, 
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and  seems  to  live  on  the  tree  like  a  plant  on  its  soil. —  Comptes 
Bendtis,  Jan.,  1877;  NiUure,  Jan.  26,  288. 

4.  Observations  on  Rhizopoda. — Pro€  Leidy  stated  that  last 
July,  in  the  sphagnum  swamps  of  Tobyhanna,  Pocono  Mt.,  Mon- 
roe Co.,  Pa.,  he  noticed  an  abundance  of  a  Rhizopod  which  he 
thought  he  had  not  previously  seen,  and  which  he  at  first  sup- 
posed to  be  an  undescribed  species,  but  which  he  now  viewed  as  a 
variety  of  Hyalosphenia  ligata.  From  this,  as  previously  de- 
Bcribed,  it  differe  in  the  test  being  of  a  pale  sienna  color,  and  per- 
haps of  gi-eater  thickness,  but  otherwise  is  like  it.  The  test  is 
compressed  pyritorm,  with  the  length  and  breadth  nearly  or  about 
equal,  and  the  thickness  one-halE  The  lateral  orders  are  ob- 
tusely rounded.  The  mouth  is  transversely  oval.  The  sarcode  is 
colorless,  and  attached  to  the  inside  of  the  test  by  diverging 
threads.  The  pseudopods  are  usually  from  two  to  three,  Meas- 
arements,  08  mm.  long  and  broad,  and  '036  thick,  with  the  mouth 
•02  broad  and  '008.  Others  varied  from  -06  long  and  08  broad, 
to  -092  long  by  -064  broad. 

In  observing  the  Pocono  variety  of  Hyalosphenia  ligata^  and 
the  beautiful  and  well-marked  species  Hyalosphenia  papilio,  he 
detected  an  important  point  of  structure  which  previously  had 
escaped  his  notice.  In  the  active  condition  of  these,  and  other 
Difflugians,  they  are  seen  with  one  or  more  pseudopods  extended 
from  the  mouth  of  the  test,  to  the  margin  of  which  the  sarcode  is 
attached,  as  well  as  by  diverging  threads  to  various  points  of  the 
interior  of  the  test  The  interval  between  the  body  of  the  sar- 
code and  the  interior  of  the  test  is  occupied  with  water.  The 
extent  of  the  interval  increases  with  the  increase  in  number  and 
extent  of  protrusion  of  the  pseudopods,  and  also  varies  according 
to  the  degree  of  emptiness  or  repletion  with  food  of  the  sarcode 
body.  When  the  pseudopods  are  withdrawn  into  the  mouth  of 
the  test,  the  mass  of  the  sarcode  expands  in  a  corresponding  ratio, 
and  the  thi-eads  of  attachment  to  the  inside  of  the  test  contract 
in  length.  The  intervening  water  appears  to  be  displaced  through 
small  apertures  of  the  lateral  borders  and  fundus  of  the  test, 
which  exist  in  numbers  usually  from  two  to  half  a  dozen  or  more. 

While  speaking  of  Rhizopods,  he  would  ask  the  attention  of 
the  Academy  to  some  remarks  on  recent  observations  on  the 
habits  of  several  species  of  Amoeba. 

One  of  the  species  of  Amoeba  which  he  had  most  commonly 
seen,  he  took  to  be  the  Amoeba  verrucosa  of  Ehrenberg,  witn 
which  the  A,  natans  of  Perty,  and  the  A,  terricola  of  Greef,  ap- 
peared to  him  to  be  synonymous.  This  species  he  had  found  m 
many  places :  in  the  crevices  of  the  brick  pavement  in  the  yard 
attached  to  his  residence,  in  brick  ponds,  in  the  ooze  of  the  rocky 
shores  of  the  Schuylkill  River,  in  sphagnum  swamps,  in  marsh 
mud,  etc.  It  is  remarkable  for  its  sluggish  character;  and  in 
appearance  reminds  one  of  a  little  pile  of  epithelial  scales,  or 
fragment  of  dandruff  from  the  head.  Appearing  quadrately  oval 
or  rounded,  transparent,  and  more  or  less  wrinkled,  or  marked 
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with  delicate  wavy  lines ;  the  pseudopods  rise  in  short  obtuse 
mammillary  eminencee  or  wave-like  ridges,  the  sumniits  of  which 
are  composed  of  transparent  ectosarc,  while  the  central  portion  of 
the  body  is  occupied  by  a  thin,  pale,  diffused,  and  finely  granule' 
entosarc.  This  contains  one  or  more  vesicles,  usually  one,  which 
very  slowly  enlarges,  and  then  less  slowlv  collapses.  In  addition, 
as  part  of  the  structure,  an  oval  granular  nucleus  is  sometimes 
visible.  The  food  contents  generally  appear  not  to  be  abundant, 
and  often  the  creature  appears  to  be  empty  of  food  altogether. 
The  character  of  its  food  is  the  same  as  with  other  species  of 
AmoBba.  It  not  unfrequently  feeds  on  Difflugiaos.  In  a  speci- 
men from  sphagnum  water,  from  Vineland,  N.  J.,  last  August,  he 
observed  an  individual,  about  the  ^J^^  of  a  millimeter,  containing  a 
Difflugia  and  a  Trinema  together.  As  obseixed  by  him,  the  spe- 
cies ranges  from  ^^^  to  ^  of  a  millimeter  in  diameter. 

On  the  morning  of  August  27,  from  some  mud  adhering  to  the 
roots  of  Sparganium^  obtained  the  day  previously  in  a  nearly 
driedup  marsh,  at  Bristol,  Pa.,  he  obtained  a  drop  of  material  for 
examination  with  the  microscope.  After  a  few  moments  he  ob- 
served an  Amceha  verrucosa,  nearly  motionless,  empty  of  food, 
with  a  large  central  contractile  vesicle,  and  measuring  ^  of  a 
millimeter  in  diameter.  Within  a  short  distance  of  it,  and  mov- 
ing directly  toward  it,  was  another  and  more  active  Amoeba,  the 
species  of  which  he  was  not  positive.  It  was,  perhaps,  the  one 
described  by  Dujardin  as  A.  Umax,  by  which  name,  for  the  pres- 
ent purpose,  it  may  be  called.  As  first  noticed,  this  Amoeba  was 
limaciform,  ^  of  a  millimeter  long,  with  a  number  of  conical  pseu- 
dopods projecting  from  the  front  broader  end,  which  was  ^j  of  a 
mm.  wide.  The  creature  contained  a  number  of  spherical  food 
vacuoles  with  sienna-colored  contents,  a  large  diatome  filled  with 
endochrome,  besides  several  clear  vacuoles,  a  posterior  contractile 
vesicle,  and  the  usual  granular   entosarc.      The  A.  Umax   ap- 

S reached  and  came  into  contact  with  the  motionless  A.  verrucosa. 
loving  to  the  right,  it  left  a  long  finger-like  pseudopod  curved 
around  its  lower  half,  and  then  extended  a  similar  one  around  the 
upper  half  until  it  met  the  first  pseudopod.  After  a  few  moments 
the  ends  of  the  two  pseudopods  actually  became  connate  (the 
second  time  he  had  observed  this  phenomenon),  and  the  A,  verru- 
cosa was  inclosed  in  the  embrace  of  the  A,  Umax.  The  latter 
assumed  a  perfectly  circular  outline,  and  after  awhile  a  uniformly 
smooth  surface :  but  the  central  contractile  vesicle  remained  in 
the  same  condition,  nor  did  he  once  observe  it  enlarge  or  collapse. 
The  A,  Umax  now  moved  away  with  its  new  capture,  and  after  a 
short  time  what  had  been  tne  head  end  contracted,  became 
wrinkled  and  villous  in  appearance,  while  from  what  had  been  the 
tail  end  a  number  (ten)  of  conical  pseudopods  projected.  The  A. 
verrucosa  assumed  an  oval  form,  and  the  contractile  vesicle  be- 
came indistinct,  without  collapsing.  Moving  on,  the  A.  Umax 
became  more  slug-like  in  shape,  measuring  about  4-  nim.  long,  by  ^ 
mm,  broad.    The  A.  vermcosa  now  appeared  inclosed  in  a  large 
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oval  clear  vacuole,  was  constricted  so  as  to  be  gourd-shaped,  and 
had  lost  all  traces  of  its  contractile  vesicle.  Subsequently,  the  A, 
verrucosa  was  doubled  upon  itself;  and  at  this  period,  the  A. 
Umax  discharged  from  one  side  of  the  tail  end,  the  siliceous  case 
of  the  diatonie,  which  now  contained  only  a  shrivelled  cord  of 
eudochrome.  Later  the  A.  verrucosa  was  broken  up  into  five 
spherical  granular  balls,  and  these  gradually  became  obscured  and 
apparently  diffused  among  the  granular  contents  of  the  entosarc 
of  the  A,  Umax,  At  one  moment  the  five  granular  balls  derived 
from  the  A,  verrucosa  appeared  to  be  contained  in  three  vacuoles, 
and  the  A,  Umax  had  a  more  contracted  and  radiate  form,  and 
then  measured  ^  mm.  in  diameter. 

The  observation,  from  the  time  of  the  seizure  of  the  A,  verru- 
cosa to  its  digestion,  or  disappearance  among  the  granular  matter 
of  the  entosarc  of  the  A.  limaxy  occupied  seven  hours. 

From  naked  Amoebae,  the  test-protected  Rhizopods  were  no 
doubt  evolved,  and  it  is  a  curious  sight  to  observe  them  swal- 
lowed, home  and  all,  to  be  digested  out  of  their  home,  just  as  the 
contents  of  diatomes  are  digested.  It  was  also  interesting  to  ob- 
serve the  cannibal  Amoeba  swallowing  another,  and  appropriating 
its  structure  to  its  own,  just  as  we  might  do  a  piece  of  flesh,  com- 
pletely, without  there  being  any  excrementitious  matter  to  be 
voided. — Proc.  Acad.  Nat.  Set.  Philad.,  1876,  197. 

5.  Habits  of  .Forniica  rufa, — Mr.  McCook,  speaking  of  the 
habits  of  Formica  rufa^  stated  that  the  ants  descending  the  tree- 
paths,  with  abdomens  swollen  with  honey  dew  (called  by  him 
JiqfAetes)^  were  arrested  at  the  foot  of  the  trees  by  workers  from 
the  hill  seeking  food.  Galleries  communicating  with  the  hill, 
opened  at  these  points,  around  and  in  which  numbers  of  ants  were 
huddled  engaged  in  drawing  or  bestowing  rations  of  honey-dew. 
Similar  commissary  stations  were  found  under  the  stones  near  by. 
The  replete  reared  upon  her  hind  legs,  and  placed  her  mouth  to 
the  mouth  of  the  pensioner,  who  assumed  the  same  rampant  pos- 
ture. Frequently  two,  sometimes  three  pensioners  were  thus  fed 
at  once  by  one  replete.  Apparently  the  workers  engaged  in 
building  at  the  hill  and  galleries  had  thus  resorted  to  these  feed- 
ing places  to  obtain  ordinary  food,  in  the  same  manner  that 
queens,  males,  and  young  ants  receive  it,  viz :  by  disgorgement 
from  the  abdomens  of  repletes.  The  latter  commonly  yielded 
the  honey-dew  complacently,  but  sometimes  were  seized  and  ar- 
rested by  the  pensioners,  occasionally  with  great  vigor. 

A  number  of  experiments  were  described  leading  to  the  conclu- 
sion that  there  was  complete  amity  between  the  ants  of  a  large 
portion  of  the  field,  embracing  some  1600  hills  and  countless  mil- 
lions of  creatures.  Insects  from  hills  widely  separated  always 
fraternized  completely  wh^  transferred.  A  number  of  ants  col- 
lected from  various  hills  fraternized  in  an  artificial  nest,  harmoni- 
ously building  galleries  and  caring  for  the  cocoons. 

It  was  found  that  ants  immersed  in  water  when  replaced  upon 
the  hills  were  invariably  attacked  as  enemies ;  the  assailants,  be- 
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ing  immersed,  were  themselves  in  turn  assaulted.  A  number  of 
experiments  were  made  which  indicated  that  the  bath  had  tempo- 
rarily destroyed  the  peculiar  odor  or  other  property  by  which  the 
insects  recognized  their  fellows. 

The  variety  of  F.  rufa  which  had  colonized  in  vast  numbers  on 
the  cliff  at  Rockland  opposite  the  steamboat  landing,  as  observed 
for  the  last  three  summers,  were  found  that  morning  to  have 
abandoned  the  place.  No  trace  of  them  could  be  seen  in  the 
vicinity.  The  crowds  of  human  beings  who  occupied  the  spot 
during  the  late  International  regatta  had  evidently  dispersed  the 
republic. — Proc.  Acad.  Nat,  ScL  Philad.^  1876,  p.  200. 

6.  The  Rhynchophora  of  America^  north  ofifexico;  by  Johit 
L.  LbConte,  assisted  by  Georgb  H.  Horn.  466  pp.  8vo,  constitut- 
ing vol.  XV  (December,  1876)  of  the  Proceedings  of  the  American 
Philosophical  Society. 

7.  A  new  Echidna  (Ta^ihyglossus)  from  New  Guinea. — ^The 
new  species  has  its  rostrum  half  longer  (the  length  about  6*4 
inches)  than  either  that  of  the  species  from  southeastern  Australia 
or  that  from  Tasmania.  It  is  named  Tachygloseus  Bruijnii  by 
Peters  and  Doria  in  a  paper  published  at  Genoa. — Nature,  Jan.  18. 

IV.  Astronomy. 

1.  -1  New  Planet;  G.  H.  F.  Peters.  (From  letters  of  January 
22  and  31,  dated  Litchfield  Observatory  of  Hamilton  College, 
Clinton,  N.  Y.) — On  the  17th  instant,  1  saw  a  planet  unknown 
to  me  in  the  position  approximately  of  8''  34°*  55"  of  R.  A.,  and 
-|-17°  52'7'  Decl. ;  but  tnc  weather  thickened  so  that  an  accurate 
position  could  not  be  obtained  before  last  night,  when  at  ten 
o'clock  the  stranger  was  in  8^  30"  20*  of  R.  A.,  and  +17°  42'  Decl. 
(the  reductions  ha\dng  not  yet  been  fully  completed).  Hence 
the  motion  was  in  four  days  4"*  35"  and  —11'.  The  magnitude  I 
estimated  the  11th. —(Letter  of  Jan.  22.) 

From  LeVerrier's  ^tdletin  International  of  January  12,  just 
received,  I  see  that  the  planet  I  gave  you  notice  of  on  the  22d 
instant,  had  already  been  found  at  Toulouse,  on  January  10. 
But  through  neglect  somewhere,  the  usual  notification  by  tele- 
graph,— as  has  been  customary  between  European  and  American 
astronomers  during  recent  years,  and  for  which  the  Atlantic  Cable 
Company  has  made  a  liberal  concession, — has  not  reached  us. 

I  communicate  two  more  observations, — all  that  weather  and 
moonlight  have  permitted  since  the  21st, — each  from  ten  compari- 
sons with  stars  well  determined  : 

187*7.  Meantime.  a  (170).  (((170). 

Jan.  23.  9»»  50"'  45»  8»'  27"»  59-40'      +  1 7*  35'  24*8' 

"     26.  1  IMS'"  51"  8'»24"23-42'»      -h  17*"  26' 16 'O' 

— (Letter  of  January  31.) 

2.  Instrument's  and  Publications  of  the  XT.  S.  Naval  Observa- 
tory.  Rear  Admiral  C.  H.  Davis,  Superintendent.  Washington, 
1845-1876.     Published  by  authority  of  the  Hon.  Secretary  of  the 
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Navy.  44  pp.  4to,  with  eix  plates. — After  a  brief  acconnt  of  the 
foundiog  of  the  Observatory,  its  library,  and  its  position,  the 
several  instruments  are  described,  the  Mural  circle  and  Transit  in- 
Btrument  mounted  in  1844,  the  Prime  Vertical  Transit  Instrument 
and  9*6  inch  Equatorial  mounted  in  1845,  the  Transit  circle 
mounted  in  1865,  and  the  26-ineh  Equatorial  mounted  in  1873, 
and  to  the  descriptions  are  added  heliotype  representations  of 
the  instruments. 

3.  Note  of  the  recent  faU  of  three  Meteoric  Stones^  in  Indiana^ 
Missouri^  and  Kentucky ;  by  J.  Lawbence  Smith,  Louisville, 
Ky.  (Communicated.) — Three  meteorites  were  seen  to  fall  inside 
of  a  comparatively  small  region  of  the  United  States  within  the 
space  of  about  one  month.  These  falls  were  acci»mpanied  by  some 
interesting  phenomena,  and  in  the  case  of  the  fall  of  the  twenty- 
first  of  D^ember,  the  appearance  of  the  bolide  from  which  it  came 
was  truly  magnificent,  and  was  seen  over  a  large  tract  of  country, 
from  west  to  east.  My  object  at  the  present  time  is  simply  to 
announce  these  falls,  reserving  for  a  future  communication  fuller 
details,  when  I  have  completed  their  chemical  and  mineralogical 
examinations.  I  will  then  call  attention  to  an  interesting  aSrolitic 
belt  in  this  country,  in  which  a  very  large  number  of  meteorites 
have  fallen  during  the  past  sixteen  years. 

No.  1,  fell  on  December  twenty-first,  1876,  at  8**,  40°*,  p.  m.  This 
remarkable  bolide  was  seen  to  pass  over  the  States  of  Kansas, 
Missouri,  Illinois,  Indiana  and  Ohio— a  distance  from  east  to  west 
of  about  800  miles.  It  burst  into  numerous  fragments  during  its 
passage,  producing  "  a  flock  of  brilliant  balls,  chasing  each  other 
across  the  sky,  the  number  being  variously  estimated  from  twenty 
to  one  hundred."  The  passage  of  it  is  described  in  this  Journal 
for  February,  1877.  A  piece  from  this  bolide,  of  a  few  ounces  in 
weight,  has  been  found  near  Rochester,  in  Indiana,  latitude  41"  8', 
longitude  86®  12',  and  I  have  received  a  portion  of  it  for  examina- 
tion.* 

No.  2.  On  January  third,  1877,  at  sunrise,  in  Warren  County, 
Missouri,  latitude  38®  50',  longitude  91®  10',  the  usual  phenomena 
accompanying  the  falls  of  meteorites  attracted  the  attention  of 
several  observers,  who  saw  the  stone  strike  the  branch  of  a  tree, 
(which  it  broke),  then  fall  to  the  ground,  penetrating  it  slightly, 
and  melting  the  snow  that  lay  on  its  frozen  surface.  It  was  picked 
up  immediately  after,  and  a  portion  of  it  has  been  sent  to  me  for 
examination. 

No.  3.  On  January  twenty-third,  1877,  in  the  afternoon,  a  few 
miles  north  of  Cyntheana,  Ky.,  latitude  38®  25',  longitude  84®  15', 
a  meteoric  Htone  was  seen  to  fall,  accompanied  by  great  atmos- 
pheric disturbance,  penetrating  the  ground  to  the  depth  of  thirteen 
inches.  There  was  an  observer  on  the  ground  near  the  spot  where 
it  fell,  and  he  immediately  dug  it  up.  It  weighs  about  fifteen 
pounds. 

LouisviUe,  Ky.,  February  6. 

*  This  is  the  meteorite  which  is  the  subject  of  Professor  0.  IT.  Shepard's  article, 
on  page  207. 
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V.  Miscellaneous  Scientific  Intelligence. 

1.  Topographical  Survey  of  the  State  of  New  York, — As 
announced  in  a  former  volume  of  this  Journal,  this  survey  was 
commenced  last  year,  under  Mr.  James  T.  Gardner  as  Director. 
This  event,  which  had  been  recommended  by  the  Geographical 
Society  of  New  York,  appeared  to  be  a  promise  that  topographi- 
cal surveys  were  now  to  be  carried  on  over  the  country  which 
would  soon  put  the  nation  on  a  level  with  those  of  £uro)>e  in  its 
maps,  and  in  its  knowledge  of  its  own  industrial  resources.  But 
the  recent  recommendation  of  the  Governor  of  New  York  threatens 
a  stop  to  the  work,  and  a  still  longer  continuance  of  faulty  maps, 
uncertain  lines  of  roads  and  boundaries,  unknown  water-pnvileges 
and  drainage  areas,  and  general  topographical  ignorance.  A 
petition  in  favor  of  the  survey  has  been  addressed  to  the  legisla- 
ture by  the  New  York  Geographical  Society,  and  the  Faculties  of 
Columbia  College,  the  Polytechnic  Institute  of  Troy,  and  other 
institutions,  and  the  editors  of  this  Journal  hereby  send  their 
petition  to  the  same  effect. 

2.  Tour  of  the  GrecU  Lakes :  Summer  School  of  Natural  Sts- 
^om— Professor  T.  B.  Comstock  of  Cornell  University,  proposes 
"  if  sufficient  encouragement  be  given  prior  to  May  1,"  to  charter 
a  steamer  for  a  period  of  four  to  six  weeks,  and  start  from  Buffalo 
or  Cleveland,  about  July  6th,  on  a  tour  along  the  shores  of  Lakes 
Erie,  Huron  and  Superior,  and  possibly  also  Lake  Michigan. 
Competent  instructors  in  geology  and  botany  are  to  be  engaged, 
and  lectures  from  specialists  are  promised.  The  prospectus  states 
that  the  expenses  will  not  exceed  I;]  25  for  thirty  days  and  $3.50 
for  each  additional  day.  The  trip  will  be  limited  to  thirty  days 
unless  a  majority  vote  of  the  pupils  decides  otherwise. 

3.  Elements  of  Physics,  or  Natural  Philosophy ;  by  Neil 
Arnott,  M  D.,  LL.D.,  F.R.S.  Seventh  edition.  Edited  by  Alex- 
ander Bain,  LL.D.,  and  Alfred  Swaine  Taylor,  M.D.,  F.RS.  873 
pp.  8vo.  New  York,  1877.  (D.  Appleton  &  Co )— The  first 
edition  of  the  "  Elements  of  Physics "  by  Dr.  Amott  appeared  in 
1 827,  and  within  four  years  from  that  time  five  large  editions  were 
called  for.  The  author  himself  died  in  March,  1874,  but  his  work 
still  lives,  with  the  same  popularity  which  it  had  on  its  first  appear- 
ance. Its  especial  excellence  lies  in  its  clearness  of  style  and 
fullness  of  illustration.  Each  new  principle  is  enforced  by  many 
familiar  examples,  which  remove  the  difficulties  that  the  student 
would  be  likely  to  find  in  understanding  it  if  stated  in  a  drjr  for- 
mal way.  The  book  consequently  is  throughout  eminently  inter- 
esting and  readable,  even  for  those  who  have  no  special  knowledge 
of  the  science.  Under  the  editorship  of  Professor  Bain  and  Dr. 
Taylor,  the  new  edition  of  the  work  is  made  to  include  the 
recent  advances  in  the  science. 

4.  Metric  System.  Metric  BuUetin, — ^This  bulletin,  the  official 
Journal  of  the  "  American  Metric  Bureau,"  is  issued  in  Boston, 
from  13  Tremont  Place.  Nos.  3  and  4  were  issued  together,  as  the 
number  for  September  and  October,  1876. 
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In  December,  a  report  was  published  by  the  Boston  Society  of 
ivil  Engineers,  from  "  the  Standing  Committee  on  the  Metric 
ystem  of  Weights  and  Measures,"  urging  the  general  adoption 
f  tbe  system  and  giving  various  facts  indicating  the  great  prog- 
?S8  which  has  been  made  in  the  country  toward  that  end. 

It  is  expected  that  the  metric  system  of  weights  will  soon  be 
sclusively  used  in  the  Post  Office  Department  of  the  country; 
nd  hoped  that  it  may  be  introduced  into  the  Custom  House,  as 
as  been  urged  for  some  time  by  the  American  Metrological 
oeiety.  These  are  the  best  first  steps  in  the  change;  and  when 
nee  carried  out,  and  teachers  do  their  duty  in  common  schools, 
be  change  may  become  general.  Compulsory  for  the  people  at 
irge  it  cannot  be  at  present. 

5.  Illinois  Museum  of  Natural  History.  Bulletin  No,  1.  76 
p.  8vo. — This  first  Bulletin,  devoted  to  the  Natural  History  of 
llinois,  contains  the  following  papers;  A  list  of  Illinois  Crustacea, 
y  S.  A.  Forbes;  The  tree  in  Winter,  by  F.  Brendel;  Sodic 
*iuate  as  a  test  for  lime,  by  J.  A.  Sewall ;  partial  catalogue  of 
he  fishes  of  Illinois,  by  E.  W.  Nelson;  on  parasitic  Fungi,  by 
C.  J.  Burrill;  list  of  the  Orthoptera  of  Illinois,  by  Cyrus  Thomas, 

6.  Huronian  rocks  of-  the  Lake  Superior  region  described  by 
Major  Brooks. — Thin  sections  of  these  rocks,  for  microscopic  ex- 
imination,  are  prepared  by  R  Fuess,  of  Berlin,  and  may  be 
)btained  at  a  small  prii^e.    The  collection  contains  thirty  sections. 

7.  Third  Annual  Report  of  the  Commissioner  of  Agricidture  of 
he  State  of  Georgia^  for  1876. — Besides  various  facts  of  local 
raportance,  this  report  gives  analyses  of  marls  from  diflerent 
3eds,  and  also  of  other  mineral  materials,  by  P.  H.  Mell,  chemist. 

8.  The  Applications  of  Physical  Forces ;  by  Amkdek  Guil- 
-EMiN.  Translated  from  the  French  by  Mrs.  Norman  Lockyer, 
md  edited,  with  additions,  and  notes,  by  J.  Normaii  Lockyer, 
P.R.S.  742  pp.  Koy.  8vo,  with  colored  plates  and  illustrations. 
London,  1877.  (Macmillan  &  Co.) — This  work  on  physics  with 
special  reference  to  its  applications,  is  an  example  of  science  well 
simplified  and  popularized.  The  editorship  of  Mr.  Lockyer  is  a 
sufficient  warrant  that  the  science  is  good.  The  style  of  publica- 
:ion  is  seldom  equalled  for  beauty  in  scientific  works,  the  typo- 
graphy, paper,  and  very  numerous  illustrations  being  the  best  that 
irt  can  accomplish.  It  treats,  under  "  applications  of  the  laws  of 
freight,"  of  levels,  pendulums,  balances,  hydraulic  presses,  foun- 
tains, pumps,  fire-engines,  atmospheric  railways,  compressed-air 
railways,  balloons,  etc.,  etc. ;  and  similarly  looks  to  the  practical 
under  applications  of  the  phenomena  and  laws  of  sound,  of  light, 
'>f  heat,  of  magnetism  and  electricity.  Under  heat,  the  art  of 
warming  is  first  treated  historically  and  practically  ;  then  practi- 
cal points  arising  from  the  conductibility  of  heat,  burning  glasses, 
compensating  pendulums,  distillation,  artificial  preparation  of  ice, 
steam  engines  of  various  kinds,  steam  navigation,  the  locomotive, 
hot-air  and  gas-engines.  The  work,  therefore,  is  not  only  attrac- 
tive in  appearance,  but  also  of  real  value. 
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SdeDoe  Lectures  at  South  Kensington.  A  valuable  series  of  lectures,  published 
separately,  including:  Sownd  and  Music,  hj  Dr.  W.  H.  Stoue;  Photography^  bj 
Captain  Abnej,  RE.,  F.B.S. ;  Kinematic  Modda,  bj  Prol  Kennedy,  C.E.  London 
and  New  York;  OiUUnes  of  Field- Oeology^  by  Prof.  Geikie;  The  ahsorpUon  of  Hght 
and  the  colors  of  Natural  bodies,  by  Prof.  Stokes.     1875,  1877.    (Macmillan  ft  Co.) 

Manchester  Science  Lectures  for  t}ie  People :  What  the  Earth  is  composed  of 
three  lectures  by  Professor  Roscoe,  F.R.S.  London  and  New  York.  1876.  (Mac- 
millan &  Co.) 

OBITUABY. 

Rear  Admiral  Charles  Henry  Davis  died  on  the  eighteenth 
of  February,  at  the  age  of  seventy  years,  having  been  bom  in 
Boston,  January  16,  1807.  Admiral  Davis  was  Superintendent  of 
the  Naval  Observatory  at  Washington  at  the  time  of  his  decease, 
and  also  one  of  the  members  of  the  Light  House  Board.  He  be- 
came Superintendent  of  the  "American  Nautical  Almanac"  in 
1859,  the  foundation  of  which  was  directly  owing  to  his  efforts. 
From  1842  to  1849  he  was  an*  Assistant  in  the  Coast  Survey;  and 
one  result  of  his  labors,  of  great  value  to  navigation,  was  the  dis- 
covery of  the  "  New  South  Shoal"  in  the  track  of  vessels  sailing 
from  New  York  to  Europe ;  and  another  was  the  publication  of 
a  "  Memoir  upon  the  Geological  action  of  the  tidal  and  other  cur- 
rents of  the  ocean,  and  the  Law  of  deposit  of  the  flood  tide,"  pre- 
pared after  having  made  a  special  study  along  the  Atlantic  coast 
of  the  laws  of  tidal  action.  He  was  the  author  also  of  several 
able  articles  on  astronomy  and  geodesy,  and  published  in  1858  a 
translation  of  Gauss's  "  Theoria  Motus  Corporurn  Ccelestium." 

Rear  Admiral  Chakles  Wilkes  died  on  the  eighth  of  Feb- 
ruary, in  the  seventy-seventh  year  of  his  age.  Admiral  Wilkes, 
then  a  Captain,  commanded  the  United  States  Exploring  Expedi- 
tion around  the  world  during  the  years  1838  to  1842,  and  pub- 
lished, after  its  return,  a  narrative  of  the  expedition  in  five  volumes, 
a  hydrographic  atlas,  containing  the  maps  from  the  various  surveys 
of  the  expedition  (among  which  are  many  of  coral  islands),  and  a 
meteorological  volume.  He  was  a  bold,  daring  explorer,  a  man 
of  strong  will  and  great  energy,  sure  to  accomplish  whatever  he 
undertook.  His  sailing  up  Jrort  Jackson,  the  port  of  Sydney, 
New  South  Wales,  an  intricate  narrow  bav,  seven  miles  in  length, 
one  dark  night  in  November,  1839,  without  pilot,  in  company 
with  the  Peacock,  the  other  sloop  of  war  of  the  expedition,  picking 
his  way  along  with  the  lead  and  chart,  and  coming  to  anchor  quietly 
among  the  shipping  of  that  harbor  without  arousing  a  suspicion 
of  the  foreign  invasion  in  progress,  was  one  of  his  daring  feats. 

Alfrbd  Smee,  the  inventor  of  "Smee's  Battery,"  for  which 
be  received  the  gold  medal  of  the  Society  of  Arts,  and  the  author 
of  works  on  electro-metallurgy,  electro-biology,  and  other  subjects, 
died  on  the  11th  of  January,  m  his  69th  year.  He  was  elected  a 
Fellow  of  the  Royal  Society  at  the  early  age  of  twenty-one,  and, 
among  his  many  offices,  was  Surgeon  to  the  Bank  of  England. — 
NaturCy  Jan.  25. 

Professor  J.  C.  Poggendorfp,  editor  of  the  Annalen  der  Physik 
und  Chemie  since  January,  1824,  and  long  Professor  in  the  Univer- 
sity at  Berlin,  died  the  last  week  of  January,  in  his  eighty-first  year. 
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Abt.  XXYL— Note  on  the  Sensation  of  Cohr;  by  0.  S.  Pkiece. 

It  may,  perhaps,  be  worth  while  to  notice  a  few  consequences 
of  three  theories  concerning  color  which  are  usually  regarded 
with  some  favor. 

First  hypothesis. — The  appearance  of  every  mixture  of  lights 
depends  solelv  on  the  api)earances  of  the  constituents,  without 
distinction  oi  their  physical  constitution.  This  I  believe  is 
established. 

Second  hypothesis. — ^Every  sensation  of  light  is  compounded 
of  not  more  than  three  independent  sensations,  whicn  do  not 
influence  one  another.  This  is  Young's  theory.  It  follows 
that,  if  we  denote  the  units  of  the  three  elementary  sensations 
by  t,  y,  and  i,  every  sensation  of  light  may  be  represented  by 
an  expression  of  the  form, 

Xf+Yi+ZA. 

Third  hypothesis, — The  intensity  of  a  sensation  is  propor- 
tional  to  the  logarithm  of  the  strength  of  the  excitation,  the 
barely  perceptible  excitation  being  taken  of  unit  strength. 
N^ative  logarithms  are  to  be  taken  as  zero.  This  is  Fechner's 
law.  It  is  known  to  be  approximately  and  only  approximately 
true,  for  the  sensation  of  light  From  this  it  follows  that,  if 
a:,  y,  2  be  the  relative  proportions  of  a  mixture  of  three  lights 

fiving  the  elementary  sensations  i,y,  k,  the  sensation  produced 
y  the  mixture  is 

I  log  x.i+i  log  y .J+  K  log  z.k^ 
where  I,  J,  K,  are  three  constants. 

From  these  principles,  it  follows  that  if  a  light  giving  any 
sensation  such  as  that  just  written  have  its  intendty  increased 
in  any  ratio  r,  the  resulting  sensation  will  be, 
Ajf.  JouB.  Sol— Tsnu)  8 WBt,  Vol.  Xm,  No.  7e.-*AraiL,  1877. 
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I  log  ne.f+J  logry.^*+K  log  rz.kz=, 
I  log  X .  t+ J  log  y .  ^'+K  log  2 .  A:+log  r  (I»+ jr;+K*). 

Thus,  the  result  of  increasing  the  brilliancy  of  any  light  must 
be  to  add  to  the  sensation  a  variable  amount  of  a  constant  sen- 
sation, Ii+ jy+KA.  And  all  very  bright  light  will  tend  toward 
the  same  color,  which  mav  therefore  be  called  the  color  ofhnghi' 
ness.  Moreover,  if  the  tLree  primary  colors  be  mixed  in  the 
proportions  which  each  by  itself  is  just  perceptible,  the  sensa 
tion  produced  will  be 

\ogr(li+Jj+Kk), 
and  can  only  diflfer  by  more  or  lesa 

Now  I    find,  in  fact,  that  all  colors  are  yellower  when 
brighter.     If  two  contiguous  rectangular  spaces,  illuminated 
witn  the  same  homogeneous  light,  uniformly  over  each,  but 
unequally  in  the  two,  they  will  appear  of  different  colors. 
If  both  are  red  the  brighter  will  appear  scarlet ; 

"         *'    green         "  "  yellowish; 

"         "     blue  "  "  greenish; 

*•         "     violet        "  "  blue. 

If  we  have  the  means  of  varying  the  wave-length  of  the  light 
which  illuminates  the  fainter  rectangle,  we  can  improve  the 
match  between  the  two,  by  bringing  the  fainter  toward  the 
yellow.  Such  motions  will  converge  toward  a  certain  point 
of  the  spectrum  which  they  will  never  cross, — a  point  a  little 
more  refrangible  than  D  and  having  a  wave  length  of  582'10~« 

mm.,  according  to  Angstrom's  map.  If  both  rectangles  be 
illuminated  with  this  light,  the  fainter  appears  white  or  even 
violet,  but  if  it  be  varied  in  wave-length  with  a  view  of  im- 
proving the  match,  it  will  be  found  to  return  to  the  Mune  point 
with  the  utmost  precision. 

It  appears,  therefore,  that,  if  our  hypotheses  are  correct,  the 
color  log  r  {Ii+Jj+Kk)  is  like  that  of  the  spectrum  at  A=582, 
only  that  it  contains  less  blue  or  violet  and  is  consequently  of 
greater  chromatic  intensity. 

It  fiirther  follows  from  Fechner's  law  that,  if  any  light  be 
gradually  reduced  in  brightness,  one  element  of  the  sensa- 
tion will  disappear  after  another ;  and  that  when  very  faint  it 
will  exhibit  only  one  primary  color,  which  is  the  one  which 
it  contains  in  greatest  proportion  relatively  to  the  propor- 
tion in  the  light  which  has  the  color  of  brightnesa  Wow, 
although  this  does  not  seem  to  be  exactly  the  case,  yet  we  do 
get  some  approximation  to  it  It  is  true*  that  any  light  what- 
ever, when  sufficiently  faint,  appears  white,  owing  to  the  self- 
luminosity  of  the  retina.  We  cannot,  therefore,  unfortunately, 
get  sight  of  the  primary  colors  by  reducing  the  light  of  three 
parts  of  the  spectrum.     But  we  may,  as  has  often  been  sug- 
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gMted,  make  use  of  the  principles  of  contrast  K  any  red  spectral 
light  be  sufficiently  reduced,  it  will  perfectly  match  any  less 
refrangible  light  We  may,  therefore,  say  that  a  faint  spectral 
red  in  contrast  with  a  bright  light  of  the  same  kind,  e;xcites  with 
approximate  puritv  one  of  the  elementary  sensations.  The  same 
thing  is  true  of  tte  violet;  and  therefore  a  rich  violet  may  be 
taken  as  another  primary  color.  In  my  book  entitled  Photo- 
metric Eesearches,  the  printing  of  which  is  nearly  complete, 
I  show  reason  to  think  that  the  pure  green  has  a  wave  length 
intermediate  between  E  and  b.  A  faint  green  of  this  sort  con- 
trasted with  a  bright  one  appear^  as  a  very  bluish  green,  and 
this  may  therefore  be  supposed  to  be  the  third  primary  color. 
We  have  seen  that  it  results  from  the  theory  that  an  increase 
in  the  brilliancy  of  any  light  adds  to  the  sensation  nothing  of 
the  peculiar  color  of  that  li^ht,  but  only  a  certain  amount  of 
the  color  of  brightnesa  If  this  be  the  fact,  then  the  photometric 
sensibility  of  the  eye  should  be  the  same  for  all  colors.  In 
order  to  ascertain  whether  this  is  so  or  not,  I  have  made  a  series 
of  determinations  of  my  photometric  probable  error.  Each  de- 
termination was  based  on  twenty-eight  comparisons  of  two  parts 
of  the  same  colored  disk.  Since  there  were  two  unknown  quan- 
tities, namely,  the  relative  brightness  of  the  two  surfaces  com- 
pared, and  an  instrumental  constant,  it  follows  that  only  twenty- 
six  observations  were  effective  for  determining  the  probable 
error.  Let  R  be  my  photometric  probable  error  of  a  single 
comparison.     Then  the  probable  error  of  a  single  determination 

of  R  (which  we  may  denote  by  r)  would  be  — ^xR,  or  say 

j'yR.  Having  made  a  considerable  number  of  such  determina- 
tions of  R,  with  diflferent  colored  disks,  let  us  ascertain  their 
probable  error  from  their  discrepancies,  considering  them  as  so 
many  independent  observations  of  the  same  unknown  Quantity, 
and  denote  this  probable  error  by  r'.  If,  then,  R  really  is  the 
same  for  all  colors,  we  should  have 

/=:  r, 

or,  at  least,  the  diflference  should  not  exceed  p,  the  probable 
error  of  /;  which  may  be  calculated  by  the  formula 

_  '51 

where  ?/i  is  the  number  of  sets  of  experiments  diminished  by  1. 
If,  on  the  other  hand,  R  varies  with  the  dififerent  colors,  and 
not  merely  accidentally,  /  should  have  a  larger  valua  The 
following  are  the  values  I  obtained  for  R,  the  sum  of  the  bright- 
ness of  the  two  surfaces  compared  being  taken  as  unity. 
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H.     Dlff.  from  meftc. 

Feb.6.     White "0041  +-0001 

Red,  just  before  C J.  '0046  +'0006 

Chrome-yellow,  A  2 '0032  --0008 

Feb.  1.    R^d,  lusl  before  C _  _ .  '0040  zb'OOOO 

Staars  emerald  green -0046  +  0006 

Garmine,B '0044  +'0004 

Chrome-yellow,  A  1 - . .  "0037  —  -0003 

Purple,  Hoflfmann's  violet  ERR. .  -0033  -  '0007 

Feb.  13.  Red,  juBt  before  C 0048  +0008 

Oreen,  complementary  to  carmine  "0034  —  -0006 

Blue  violet,  No.  2- .^ - '0048  +-000B 

Yellow,  A  1,  mixed'with  black  .  _  -0032  -  0008 

Mean -0040 

After  these  experiments,  the  method  of  observing  was  changet 
and  I  obtained  the  following: 

Feb.  14.  White  window-shade,  ill  by  sun  .  -0030  —  -0002 

Brown  '0030  —•0002 

Greenish  sky-blue -0037  +-0005 

Very  reddish  purple -0028  —-0004 

,  Yellow  orange -0032  ±-0000 

Feb.  16.  "  Fundamental  green  of  Mttller  ".  -0030  —  -0002 

Vermilion,  half  between  C  and  D  "0034  +-0002 

Violet - --  -0032  ±'0000 

Yellow -. "0036  +-0002 

Mean -0032 

We  thus  get  from  the 

r' 
first  twelve  determinations,  r=00040,  r'='00048,  ~=:l-2 

r 

r' 
last  nine  determinations,      r='00032,  r'='00019,  —=0-6 

r' 
and  from  the  weighted  mean,  — =*96,  so  that  it  appeal's  frc 

these  experiments  that  the  photometric  susceptibility  of  the  e 
is  the  same  for  all  colora  The  result  is,  however,  uncerta 
because  it  may  be  that  R  is  chiefly  due  to  other  sources  of  en 
than  the  limitetion  of  sensibility  ;  still,  the  experiments  show 
small  a  value  of  R  as  is  usually  obtained.  I  shall  endeav 
by  further  observations,  to  obtain  a  conclusive  result. 

A  further  consequence  of  our  hypotheses  will  be  reached 
differentiating  the  expression  for  a  light-sensation.     We  hs 

d(I  log  x.i+J  log  y.j+K  log  z,k)=—dx.li-{—dy.Jj~{ — cfe.E 

aj  y  z 

Now,  as  x,  y  and  z  all  exceed  unity,  the  differential  is  greater  1 
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larer  uDity  x,  y  and  s  are.  Hence,  since  the  variation  of  the 
oportions  of  tne  primary  colors  with  a  variation  of  postion  in 
CBormal  spectrum  is  uniform,*  it  follows  that  the  change  of 
lor  of  the  normal  spectrum  should  be  most  rapid  about  A =582, 
it  of  course  ia  It  is  also  obvious  that  if  the  total  quantities 
the  three  colors  are  nearly  the  same  in  different  parts  of  the 
ectmm  (I  here  refer  to  these  colors  not  as  really  objective, 
it  as  measured  in  the  usual  objective  way)  then  the  part  about 
=582  must  be  the  brightest,  another  familiar  fact. 
I  may  observe  that  there  is  a  modification  of  our  formula  for 
sensation  of  light,  which  probably  better  represents  the  rela- 
ma  of  the  sensations.     Writing,  in  the  first  place, 

e  formula  is 

log  a.i+logy.j+log  z.k. 

lis  loses  its  validity  when  any  of  the  logarithms  become  neg- 
ive.  If  z  is  the  smallest  of  the  three  quantities,  we  may  sub- 
tate 


X=- 


Y=l 


2  Z 

d  the  formula  becomes 

log  X.i+log  Y.j+log  E(i+H  H). 
hen  X  or  y  is  smallest  there  will  be  two  other  formulae. 
ow,  as  the  variation  in  the  brilliancy  of  the  light  affects  only 
e  last  term  of  the  last  formula,  and  not  the  first  two  depend- 
g  on  X  and  Y,  it  is  more  than  probable  that  the  eye  is  habit- 
ted  to  separating  the  element  of  sensation  which  this  last 
rm  represents,  and  which  is  continually  changing  its  values, 
)in  the  rest  which  remains  constant.  It  is,  therefore,  likely 
at  the  classification  of  light  into  three  kinds,  according  as  the 
?H  the  red^  or  the  green^  is  contained  in  the  smallest  propor- 
m,  is  one  which  has  a  relation  to  the  natural  powers  of 
5crinii  nation. 

My  observations  have  been  made  with  an  instrument  for 
lich  I  am  indebted  to  the  liberality  of  the  trustees  of  the 
iche  Fund.  I  shall  describe  it  on  the  occasion  of  publishing 
me  work  of  a  more  serious  character.  The  colored  disks 
ide  use  of  were  very  kindly  lent  me  by  Professor  Rood. 

*  I  win  show  this  ill  a  note  in  the  next  number  of  this  Journal. 
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Art.  XXVn. — Note  on  the  Binocular  phenomena  observed  by 
Professor  Nipher  ;  by  Joseph  LeConte. 

The  striking  phenomenon  described  by  Prof.  Nipher,  in  the 
January  number  of  this  Journal,  was  described  by  Pro£  W.  B. 
Rogers,  at  the  Newport  meeting  of  the  American  Association, 
1860,  and  may  be  found  recorded  in  the  14th  vol.  of  Proceedings, 
p.  197.  It  is  only  one  of  innumerable  phenomena  which  are 
all  explicable  on  the  same  general  principles.  The  principles 
involved  have  been  so  fully  set  fortn  in  several  of  my  papers 
on  binocular  vision,  especially  in  IV,  "On  a  new  method  of 
representinff  visual  phenomena,"  and  VI,  **  On  so-called  images 
of  illusion,  *  that  it  is  unnecessary  to  do  more  than  briefly 
recall  them  here. 

1.  The  field  of  view  may  be  regarded  as  an  outward  projec- 
tion of  retinal  states.  As  each  eye  has  its  own  retina  crowded 
with  its  own  retinal  images,  so  also  each  eye  must  have  its  own 
field  of  view  and  its  own  external  images.  There  are  therefore 
itvo  external  images  for  every  object.  These  may  be  united,  so 
as  to  see  the  object  single ;  or  may  be  separated,  so  as  to  pro- 
duce the  phenomenon  of  double  images.  Moreover^  the  external 
images  of  different  objects  may  also  be  brought  together  and 
superposed  at  will.  In  all  discussions  of  binocular  jSienomena, 
therefore,  it  is  absolutely  necessary  that  we  speak  not  of  objects 
but  of  external  images^  the  signs  of  objects, 

2.  In  binocular  vision  with  the  optic  axes  parallel,  as  in 
looking  at  a  distant  object,  the  whole  visual  field  with  all  its 
external  images  or  objects  is  shifted  by  the  right  eye  a  half 
interocular  distance  to  the  left,  and  by  the  left  eye  the  same 
distance  to  the  ri^ht;  so  that  the  two  visual  lines  are  brought 
together  in  the  middle,  and  combine  to  form  a  common  median 
visual  line,  and  the  imager  of  all  objects  in  these  lines  are 
brought  together  and  superposed.  This  is  the  necessary  result 
of  the  law  of  corresponding  points.  Retinal  images  of  all  ob- 
jects in  the  visual  lines  fall  on  corresponding  points,  viz:  the 
central  spots;  their  external  images  are  therefore  thrown  to  the 
same  place  in  space  and  are  therSfore  superposed. 

Now,  in  the  experiment  of  Prof  Nipher,  the  visual  line  of 
the  right  eye  passes  through  the  axis  of  the  tube  and  pierces 
the  center  of  the  circular  visible  area  of  the  object  regarded, 
while  the  visual  line  of  the  left  eye  pierces  the  left  hand  or 
paper-sheet  or  other  object  placed  before  it,  at  a  point  distant 
about  2i  inches  (an  interocular  space)  from  the  axis  of  the  tube. 
Therefore  the  center  of  the  circular  area  regarded  by  the  right 
eye,  and  the  spot  on  the  hand  or  paper  sheet  pierced  by  the 
*  See  thiB  Joornal,  Jan.  1871,  and  Dea  1871. 
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sft  visual  line,  by  the  law  stated  above,  are  brought  together 
nd  superposed. 

Ooe  thing  more  to  complete  the  explanation.  The  impres- 
on  on  the  right  eye  prevails  over  that  of  the  left — the  impression 
[  the  circular  area  obliterates  that  of  the  corresponding  spot 
Q  the  hand  or  paper  slteet,  for  two  reasons ;  first,  because  the 
rcular  area  is  strongly  differeniiated  from  the  rest  of  the  right 
^•e  field  of  view  (the  dark  interior  of  the  tube)  while  the  cor- 
jsponding  spot  on  the  left-eye  field  is  not  thus  differentiated; 
id  second,  because  both  eyes  are  focally  adjusted  for  the  dis- 
mee  of  the  object  seen  by  the  right  eye  onl}'.  Thus  it  comes 
>  pass,  that  the  right  eye  sees  only  the  circular  area,  the  rest  of  its 
eld  being  very  dark:  while  the  left  eye  sees  all  its  field 
scept  the  spot  covered  by  the  circular  area.  But  if  an  ink 
3ot  be  placed  on  the  hand  or  paper  sheet  just  where  the 
isual  line  pierces,  then  the  first  cause  mentioned  above  will  be 
imoved  and  the  strongly  differentiated  ink  spot  will  be  seen 
1  the  center  of  the  circular  area, 

Berkeley,  CaL,  Pteb.  1,  187  T. 


lRT.  XXYIIL — Revision  of  (lie  genus  Belemnocrinus^  and  de- 
^tiption  of  two  new  species ;  by  Charles  Wachsmuth  and 
Frank  Springer. 

In  1862,  Dr.  C.  A.  White  described  a  type  of  Crinoids  from 
16  Burlington  limestone  of  Iowa  under  the  generic  name  Be- 
mnocrinus^  of  which  he  had  discovered  only  a  single  species, 
i  iypus.  The  description,  with  a  figure,  was  published  in  the 
'roceedings  of  the  Boston  Society  of  Natural  History,  vol.  ix,  p. 
3.  Messrs.  Meek  and  Worthen  in  the  Report  of  the  Geological 
lUrvey  of  Illinois,  vol.  iii,  p.  463,  described  another  species,  B, 
Vhit^irom  a  specimen  having  only  the  calyx  preservea.  Count 
^ourtales,  in  the  Illustrated  Catalogue  of  the  Museum  of  Com- 
arative  Zoology  at  Harvard  College,  No.  8,  p.  29,  has  made 
im^  interesting  observations  upon  the  relations  of  Belemnocrinus 
3  the  recent  genus  RhizocrinuSy  and  further  expressed  the  opin- 
)n  that  Belemnocrinus  does  not  possess,  as  Dr.  White  supposed, 
ve  small  basal  plates  below  the  long  plates  which  compose  the 
reater  portion  of  the  calyx,  but  that  these  lung  plates  are  them- 
elves  the  true  basals,  thus  exhibiting  a  very  marked  resem- 
daDce  to  Rhizocrirnis. 

A  careful  examination  of  some  recently  acquired  specimens 
I  this  genus,  including  two  new  species  in  an  excellent  state 
►f  preservation,  and  a  comparison  of  these  with  the  original 
specimens  heretofore  described,  afford  us  new  light  in  regard  to 
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the  structure  of  this  interesting  type  of  fossils,  and  it  enables  u 
to  confirm  the  opinion  of  Count  Pourtales,  thereby  rendering 
revision  of  the  generic  formula  and  description  appropriate  am 
necessary. 

A  specimen  of  B,  PourtdUsi,  W.  &  S.,  has  been  deprived  c 
the  column,  and  the  lower  part  of  the  cup  is  somewha 
crushed,  in  such  a  manner  that  two  of  the  long  plates  are  sej: 
arated  along  their  entire  length,  exhibiting  the  sutures  to  th 
central  perforation  which  leads  into  the  column.  The  lowe 
extremities  of  these  plates  are  excavated,  forming  a  concavit 
for  the  insertion  of  the  pentagonal  column,  the  marks  of  it 
attachment  in  a  pentagonal  outline  are  plainly  visible,  thu 

S roving  beyond  the  slightest  doubt  that  these  long  plates  rest^ 
irectly  upon  the  column,  and  formed  with  the  first  radials,  th 
cup  wnich  encloses  the  visceral  cavity.  From  these  facts  i 
follows  that  the  long  pieces,  which  were  considered  to  be  sul 
radials,  both  by  the  author  of  the  genus  and  by  Messrs.  Meel 
and  Worthen  in  their  description  of  B.  Whitei^  must  now  b 
designated  as  basal  plates. 

Additional  light  has  been  thrown  upon  the  construction  ( 
othe^parts  in  this  genus;  every  one  of  the  four  known  specie 
is  furnished  with  a  strong  proboscis,  inflated  toward  the  to] 
and  resting  upon  the  single  large  anal  plate  which  is  a  part( 
the  wall  of  the  cup.  The  exact  structure  of  the  summit  of  th 
calyx  has  not  as  yet  been  made  out,  but  the  comparative! 
massive  character  of  the  plates  which  compose  the  proboscii 
as  well  as  the  size  of  that  organ,  render  it  altogether  probabi 
that  it  was  supported  by  a  solid  dome. 

The  arms,  as  observed  in  three  of  tlie  four  known  species,  ai 
ten  in  number.  They  are  provided  with  long,  comparative! 
heavy  pinnules,  originating  on  the  longer  margins  of  larg 
wedge-iorm  joints,  which  alternate  with  other  joints  of  qua( 
rangular  outline,  thus  giving  two  rows  of  pinnules,  alternate! 
arranged,  to  each  arm.  In  both  of  our  new  species  these  pii 
nules  are  simple;  while  those  of  B.  typns  are  furnished  wit 
secondary  pinnules,  which  are  alternately  arranged  as  the  pi 
mary  pinnules  The  arms  of  this  genus  bear  in  proportioi 
and  general  aspect  some  resemblance  to  those  of  Poteriocrinu 
but  they  are  in  fact  widely  different.  In  Poteriocrinus^  tl 
arms  divide  upon  a  bifurcating  plate  or  joint,  into  equal  branchc 
which  rest  upon  the  upper  faces  of  this  joint ;  while  in  Beienm 
crinus  the  branches  are  true  pinnules,  and  not  armlets,  tht 
spring  from  the  long  latteral  margin  of  the  syzygial  joint,  n 
from  its  upper  side.  We  have  in  our  possession  a  specim( 
which  in  general  aspect  somewhat  resembles  Belemnocrinus^  tl 
elongated  basaJ  plates  form  here  a  cylinder  apparently  soli 
almost  precisely  similar  to  that  of  B.  typus^  and  as  the  upp 
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portion  of  the  calyx  is  somewhat  distorted  by  pressure,  it  was 
at  first  supposed  to  be  a  Bekmnocrinus,  Upon  removing  the 
calyx  fiom  the  surroanding  matrix  and  arranging  the  plates  in 
their  natural  position,  it  was  found  to  possess  a  series  of  lar^ 
sob-radials  resting  upon  the  basals,  the  anal  plates  arranged  as  m 
Poieriocrinus^  thus  exhibiting  a  fundamental  diflFerence  from 
Belemnocrinus,  Careful  examination  of  the  interior  part  of  the 
cylinder  formed  by  the  basal  plates,  showed  that  they  are  thin 
and  enclosed  a  comparatively  large  cavity,  reaching  nearly  to 
the  bottom  of  the  cup,  thus  ptoving  in  a  highly  satisfactory 
manner  the  value  of  the  peculiar  characters  of  oelemnocrinus. 

We  are  unable  to  agree  with  Dr.  White  in  referring  this 
genus  to  the  Cyatkocrinidce^  as  it  does  not  possess  the  general 
appearance  of  that  group,  nor  does  it  agree  in  the  ceneric  for- 
mula as  herein  given.  The  slender  ovoid  or  cylindrical  base, 
the  long  solid  basal  plates,  the  shallow  cavity  in  their  upper 
part,  and  the  comparatively  small  size  of  the  visceral  cavity  are 
features  which  remove  Belemnocrinus  far  from  Gyathocrinuts^  or 
any  of  its  allied  genera.  These  characters  show  its  affinities 
rather  with  the  Jurassic  genus  ApiocrinuSj  to  which  in  the  con- 
struction of  the  calyx  and  inner  cavity,  it  is  more  similaf  and 
seems  to  bear  a  closer  relation,  than  to  any  other  known  group. 

The  resemblance  to  the  recent  genus  Khizocrinus^  pointed  out 
by  Count  Fourtales,  is  very  close  and  interesting,  even  more  so 
than  he  perceived,  since  we  cannot  agree  with  him  that  the  first 
radials  are  movable  in  Beiemnocrinvs.  On  the  contrary  we  find 
them  to  be  closely  joined  with  each  other  and  with  the  anal 
plate  by  exact  sutures,  the  anal  plate  being  in  line  with  them, 
forming  the  cup,  and  supporting  upon  its  upper  face  the  heavy 
proboscis.  The  succeeding  radials  have  aii)aces  between  the 
rays,  showing  them  to  have  been  free.  The  most  important 
difference,  and  indeed  the  only  essential  distinction  between 
these  genera  in  their  external  structure  is  found  in  the  solid 
proboscis  and  covered  dome  of  Belemnocrinus, 

As  a  result  of  the  forgoing  observations  we  give  now  the 
following  revised 

Gekeric  Formula. 

Basal  plates,  five;  long,  narrow,  forming  an  ovoid  to  cylin- 
drical cup,  which  is  nearly  solid,  liaving  a  small  central  perfo- 
ration, and  a  shallow  subconical  excavation  at  its  upper  end, 
which  forms  a  part  of  the  visceral  cavity. 

Badial  plates,  four  to  five  X  5  ;  the  first  series  with  the  anal 
plate  joined  at  the  sutures  and  composing  a  part  of  the  cup ; 
the  succeeding  radials  free. 

Anal  plate,  one;  supporting  a  rather  long,  comparatively 
lai^fe  proboscia    Dome  covert  by  solid  plates,  arrangement 
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unknown.  Arms,  ten  8o  far  as  observed.  Pinnules  long  and 
strong.     Column  pentagonal. 

As  yet  found  only  in  the  Upper  and  Lower  Burlington 
limestona 

The  following  species,  new  to  science,  have  been  discovered 
by  us: 

Belemnocrinusflorifer^  n.  sp. 

Smaller  than  B,  typus.  Column  comparatively  large,  com- 
posed alternately  of  large  and  small  joints,  the  smaller  of  which 
are  nearly  r^ular  pentagons,  and  the  larger  pentagonal  in  out- 
line, arctied  at  the  angles,  notched  in  the  middle  of  the  sides 
making  the  column  in  general  distinctly  pentagonal,  crenulated 
transversely,  with  a  somewhat  interrupted  longitudinal  furrow 
along  the  middle  of  each  side.  To  the  sixth,  and  eighth  large 
joint  from  the  base,  are  attached  radicular  cirrhi  which  originate 
in  the  depressions  or  notches  on  each  of  the  five  sides  of  the 
joint  Traces  of  other  sets  of  cirrhi  are  visible  lower  down  on 
the  colnmn.  They  are  all  arranged  precisely  as  those  of  Penta- 
crinus  Caput- Medusve^  to  the  column  of  which  this  is  in  aspect 
strikingly  similar.  The  cirrhi  are  long,  slender,  tapering  to  the 
tips,  with  joints  longer  than  wide,  and  they  increase  in  size  as 
they  approach  the  root 

The  calyx  is  comparatively  low,  about  two  thirds  as  wide  as 
high,  ovoid  below,  turbinate  and  rapidly  expanding  above,  con- 
stricted about  the  middle,  with  a  deep  transverse  suture.  The 
five  basal  plates  are  smooth,  about  three  fourths  as  wide  as  high, 
slightly  widest  near  the  top,  forming  the  ovoid  portion  of  tne 
calyx,  gently  expanding  from  the  column  outward  and  upward. 
They  are  constricted  and  abruptlv  truncated  at  the  summit  and 
appear  as  a  heav}^^  band  around  tne  lower  part  of  a  second  cup 
which  seems  to  rest  in  this  one.  The  first  radials  are  large,  more 
than  one  half  the  size  of  the  basals,  a  little  higher  than  wide ; 
outer  surface  strongly  arched,  curving  rapidly  inward  at  their 
junction  with  each  other,  thus  forming  deep  vertical  sutures. 
They  compose,  with  the  anal  plate,  a  cup  of  conical  shape  whose 
sides  are  crenulated  or  scalloped  by  the  arching  of  the  plates  and 
the  depression  of  the  sutures,  and  the  diameter  of  which  at  the  bot- 
tom is  considerably  less  than  that  of  the  ovoid  basal  cup  beneath, 
in  which,  mther  than  upon  which,  it  seems  to  rest  The  radials 
lie  in  a  line  with  the  sutures  of  the  basals,  and  rest  apparently 
upon  the  inner  edges  of  the  upper  faces  of  these  plates.  The 
upper  portion  of  this  conical  cup  in  turn  projects  outward  in  a 
rim  or  band  enclosing  the  arm  bases,  the  arms  seeming  to  pro- 
ceed from  the  inside,  the  calyx  and  arms  thus  presenting  the 
peculiar  appearance  of  a  bouquet  of  flowers  in  a  conical  vase, 
which  in  turn  rests  in  an  egg-snaped  cup  truncated  at  the  base, 
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thus  suggestiDg  the  specific  name.  The  upper  faces  of  the  first 
radials  are  truncated,  and  upon  their  inner  edges  rest  the  free 
radials  which  are  four  in  number,  about  one-fourth  the  size  of 
the  first  radials,  a  little  wider  than  high  and  of  uniform  dimen- 
sions up  to  the  arms.  The  plates  of  this  series  are  rounded, 
strongly  constricted,  transversely  in  the  middle,  expanding  at 
their  upper  faces,  producing  a  nm  which  envelopes  the  lower 
part  of  each  succeeding  piece,  this  rim  or  wrinkle  being  rather 
thicker  and  more  prominent  at  the  lateral  margins.  The 
fourth  free  radial  is  pentagonal  in  form,  the  two  upper  faces 
forming  an  obtuse  angle  and  supporting  the  arms  which  are 
simple  throughout  their  entire  length,  thus  giving  two  arms  to 
each  ray  or  ten  to  the  species.  Arms  comparatively  very  long, 
rounded,  tapering  very  gradually  to  the  tips,  composed  of  joints 
which  are  constricted  in  the  middle,  marked  by  strong  lateral 
wrinkles,  thickened  at  the  upper  margin  to  embrace  the  suc- 
ceeding joints  just  as  in  the  iree  radiala  In  the  lower  part  of 
the  arms,  apparently  every  third  joint,  is  a  syzygium,  wedge- 
form  in  shape,  with  quadrangular  joints  between  ;  while  in  the 
upper  part  the  joints  are  alternately  wedge-form,  and  to  the 
longer  margins  of  these  joints  the  pinnules  are  attached.  These 
syzygial  joints  are  strong,  prominent,  and  give  to  the  arms  an 
ODtusely  zigzag  appearance.  Pinnules  simple,  rather  heavy, 
very  long,  directed  upward,  lying  closely  along  the  arms,  com- 
posed of  rectangular  joints  twice  as  long  as  wide,  and  of  nearly 
equal  size  throughout  their  length.  Anal  plate,  rather  large, 
quadrangular  in  outline,  its  upper  face  in  a  line  with  the  top  of 
tne  first  radials.  From  the  inner  part  of  the  upper  truncate 
face  of  this  plate  proceeds  a  proboscis,  in  height  equal  to  three- 
fourths  the  length  of  the  arms.  The  lower  part  is  composed  of 
large  plates  nearly  equal  in  size  to  the  free  radials,  longitudi- 
nally arranged,  each  one  resting  upon  the  upper  truncate  face 
of  the  preceding  one.  Proboscis  slightly  innated,  the  upper 
part  comp)osed  of  small  nodose  plates  irregularly  arranged, 
while  its  summit  is  surmounted  by  a  set  of  prominent  spines 
whose  arrangement  cannot  be  exactly  determined. 

The  entire  surface,  with  the  exception  of  the  basal  plates, 
(even  the  pinnules)  is  covered  by  strong  wrinkles  which  pro- 
duce a  peculiar  carinated  style  of  ornamentation. 

This  species  is  so  well  marked,  and  so  unlike  any  other  de- 
scribed form,  that  it  may  be  distinguished  with  the  greatest 
ease.  It  differs  from  B.  typus  and  B.  Whiki  in  its  shorter 
basal  pieces,  the  extreme  size  of  its  first  radials,  and  in  the  pe- 
culiar attachment  of  the  first  radials  to  the  basala  In  both 
these  species,  the  suture  between  the  basals  and  first  radials  is 
not  prominent,  and  the  latter  plates  form  a  continuation  of  the 
cylindrical  basal  portion,  while  in  our  species  the  depth  of  the 
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transverse  suture,  the  beveling  and  constricting  of  the  uppei 
edges  of  the  basals,  gives  to  the  basal  portion  the  appearanci 
of  enclosing  the  cup  which  is  formed  by  the  radials.  It  diffen 
from  those  species  also  in  the  highly  arched  surface  of  the  firs 
radials  and  the  deep  sutures  between  them,  which  give  to  th( 
upper  part  of  the  cup  its  crenulated  aspect  Also  in  the  can 
nated  surface.  From  B.  typtiSj  it  further  differs  in  the  modi 
of  attachment  of  the  free  radials  and  arm  joints,  the  rira-liki 
projection  at  the  upper  face  of  each  plate,  and  in  the  strongl; 
pentagonal  and  crenulated  column. 

It  differs  from  our  species  B.  Pourtalesij  in  most  of  the  abov 
particulars  and  in  the  proportionally  smaller  size  of  its  fre 
radials,  in  the  succession  of  the  syzygial  joints,  and  in  thesim 
plicity  of  the  pinnules. 

The  specimen  from  which  our  description  is  made,  is  in 
most  perfect  state  of  preservation,  showing  column,  calyx,  pre 
boscis,  and  arms,  the  calyx  being  plump  and  every  plate  es 
actly  in  position. 

Gfeological  position  and  locality:  from  a  thin  cherty  laye 
near  the  middle  of  the  Upper  Burlington  limestone,  Burlingtoi 
Iowa.     Collection  of  Charles  Wachsmuth. 

Belemnocrinvs  Pourtalesi^  n.  sp. 

Smaller  than  either  of  the  other  described  species.  Th 
column  is  unknown,  but,  from  the  impression  of  its  attachmeu 
to  the  lower  excavated  parts  of  the  basal  plates,  it  was  evident! 
more  or  less  pentagonal 

Calyx  low,  about  two  thirds  as  wide  as  high,  basal  cup  sul 
globose,  constricted  and  truncated  above  and  deeply  excavate 
below  for  the  reception  of  the  column.  The  portion  compose 
of  the  first  radials  and  anal  plate,  being  a  little  less  in  diametc 
at  its  junction  with  the  basals,  expands  upward  and  gives  t 
the  whole  calyx  a  form  somewhat  urn -shaped. 

Basal  plates  nearly  uniform  in  size,  two-thirds  as  wide  8 
high,  slightly  widest  above,  strongly  convex  and  bulging  in  th 
middle,  being  curved  somewhat  like  the  staves  of  a  cask,  uppc 
faces  nearly  truncate,  lower  faces  truncated  with  abruptl 
rounded  edges  and  excavated.  They  are  heavy  plates,  soli 
below,  leaving  only  a  small  perforation  connecting  with  th 
column. 

Radials,  four.  The  first  radials,  alternately  arranged  wit 
the  basals,  are  only  one-third  of  their  size,  wider  than  lonj 
quadrangular,  closely  joined  at  the  lateral  sutures,  and  slightly 
set  in  from  the  outer  upper  edge  of  the  basals,  leaving  a  rathe 
deep  transverse  suture.  Second  and  third  mdials  as  wide  s 
the  first  and  more  than  twice  as  wide  as  high.  Fourth  radial 
larger  than  the  others,  pentagonal,  supporting  upon  their  upp< 
sloping  faces  the  free  arms. 
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Arms  comparatively  robust,  tapering  rather  rapidly  to  the 
ps.  The  arm  joints  are  at  their  surface  angularly  elevated  in 
16  middle,  depressed  toward  the  sides,  the  sutures  between 
em  have  at  the  middle  angular  part  of  each  joint  a  strong 
)wnward  curvature,  a  peculiarity  which  is  also  observable  in 
e  radial  series.  The  arms  in  this  feature  recall  the  charac- 
ristic  structure  of  those  of  Hhxocrinus  and  Forbesiocrinus. 
hroughout  the  greater  portion  of  the  arms,  every  alternate 
int  is  a  syzigium,  very  obtusely  pentagonal,  twice  as  large  as 
e  other  arm  joints,  and  to  the  longer  margin  of  each  which  is 
ightly  angular,  is  attached  a  pinnule.  The  pinnules  originate 
1  a  very  distinct  articulating  scar  near  the  upper  part  of  the 
ata  The  intermediate  plates  are  quadrangular  in  outline, 
rom  the  bifuricating  radial  to  the  second  pinnule  two  quadran- 
ilar  joints  are  interposed  between  those  to  which  the  pinnules 
•e  attached.  The  great  size  of  the  syzygial  joints,  as  compared 
ith  the  others,  and  their  rather  pentagonal  shape,  cause  the 
innules  to  branch  from  the  arms  at  a  considerable  angle,  and 
so  give  to  the  arms  a  marked  waving  form.  The  pinnules 
)ring  alternately  from  every  second  syzygial  joint  on  either 
de  of  the  arras,  they  are  simple,  composed  of  quadrangular 
►ints,  heavy,  long,  tapering  but  slightly,  nearly  all  thus 
laintaining  the  same  size  throughout  their  entire  length. 

The  ventral  sides  of  the  arms  and  pinnules  are  in  our  speci- 
len  perfectly  covered  with  alternatmg  minute  plates.  The 
ime  arrangement  of  plates  has  been  observed  by  us  arching 
16  ventral  furrow  in  the  arms  of  Cfjathocrijius^  Poteriomnus^ 
ynbathocrinus^  and  Capressocrinus^  and  Messi's.  Meek  and  Wor- 
len  have  observed  it  in  the  arms  of  BaiDcrinus,  We  are  led 
)  believe  that  the  ventral  furrow  was  similarly  arched  in  all 
*aleozoic  Crinoids. 

The  anal  side  and  proboscis  are  hidden  in  our  specimen  and 
sin  not  be  described.  The  surface  of  the  radials  and  arms  is 
idistinctly  carinated. 

B,  Pourtahsi  can  be  readily  distinguished  from  any  other 
nown  species.  From  B.flori/ery  which  it  perhaps  most  nearly 
^sembles,  it  differs  in  its  more  globose  basal  cup,  its  smaller 
rst  radials  and  its  wider  free  radials,  which  are  fully  twice  as 
ride  in  that  species,  also  in  the  proportionally  shorter  and 
eavier  brachial  pieces,  the  extreme  size  of  the  syzygial  joints 
8  compared  with  the  intermediate  ones,  the  robust  and  rapidly 
apering  arms,  in  the  angular  form  of  the  arm  joints,  the  curving 
utures  between  them,  and  in  the  peculiar  shape  and  crenulated 
ipper  part  of  the  calyx  of  that  species.  From  B,  Whitei  it 
liffers  m  its  shorter,  more  globose  and  smaller  cup  and  in  the 
orm  of  the  first  radials.  From  B.  typus  in  the  same  respects, 
md  also  in  the  waving  form  and  angular  surface  of  the  arras. 
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We  take  pleasure  in  dedicating  this  elegant  species  to  Coun 
L.  F.  de  Pourtales,  •  the  eminent  Zoologist  of  tne  Museum  o 
Comparative  Zoology  at  Oambridere,  Massachusetts,  who  firs 
callea  attention  to  the  relations  of  tliis  genus  to  one  of  the  type 
of  recent  Crinoids. 

Geological  position  and  locality  :  from  the  lower  part  of  th 
Lower  Burlington  Limestone,  Burlington,  Iowa.  Collection  o 
Frank  Springer. 


Abt.  XXEX. — On  Thorpe^ 8  and  Bunsens  methods  for  the  Est 
mation  of  Niirogoi  in  Nitrates ;  by  S.  W.  Johnson. — Contrih 
lions  from  the  /Sheffield  Laborat&ty  of  Yale  College.     No.  XLVJ 

In  volume  xxvi,  pp.  641, 549,  of  the  Journal  of  the  Chemiei 
Society,  as  well  as  in  his  treatise  on  Quantitative  Analysis,  p.  91 
Thorpe  has  described  a  method  of  estimating  nitric  acid,  i 
which  this  acid  is  reduced  to  ammonia  by  the  use  of  slip^  c 
zinc  coated  with  precipitated  copper,  a  reducing  combinatio 
first  employed  by  Gladstone  and  Tjiba  The  experimental  rt 
suits  given  by  Thorpe  in  support  of  his  method  are  such  j 
apparently  establish  its  great  exactness,  while  in  siraplicit 
and  ease  of  execution,  ft  would  seem  to  be  quite  superior  t 
the  similar  methods  that  haVe  been  previously  proposed. 

Having  occasion  to  make  some  determinations  of  nitric  aci( 
I  tested  Thorpe's  method  in  five  distinct  trials  with  pure  sodiui 
and  potassium  nitrates.  The  directions  given  by  Thorpe  i 
his  Quantitative  Chemical  Analysis  are  as  follows : 

About  26-30  grams  of  thin  sheet  zinc  are  placed  in  a  flask  < 
about  200  c  c.  capacity,  and  covered  with  a  moderately  coi 
centrated  and  slightly  warmed  solution  of  copper  sulphate.  1 
about  ten  minutes  a  thick  spongy  coating  of  copper  will  be  d 
posited  on  the  zinc  ;  the  liquid  is  poured  off  the  metals,  whic 
are  now  well  washed  with  cold  water  and  covered  with  aboi 
40-60  c.  c.  of  pure  water.  Weigh  oat  about  0*5  gram  < 
pure  nitre  into  tne  flask  connected  with  a  condensing  arrang 
ment  The  liquid  is  gradually  heated  and  distilled  for  aboi 
an  hour.     The  distillate  is  treated  with  platinum  tetrachlorid 

These  directions  were  followed  as  closely  as  possible  sa^ 
that  the  distillate  was  received  in  a  standard  acid  in  order  i 
measure  the  ammonia  volumetrically. 

In  the  first  experiment  0'5712  of  sodium  nitrate  were  en 
ployed,  containing  0*09408  of  nitrogen.  After  distillation  wi 
concluded,  the  distillate  contained  0'02947  of  nitrogen.  Thinl 
ing  that  the  zinc  hydroxide  resulting  from  reduction  of  tl 
nitrate  might  retain  ammonia  beyond  the  power  of  simple  di 
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lation  to  remove,  although  Thorpe  makes  no  such  suggestion, 
added  a  quantity  of  newly  fused,  pure  caustic  potash,  and 
)re  water  and  distilled  again. 

This  second  distillation  gave  additional  ammonia  equal  to 
)227  of  nitrogen. 

The  total  nitrogen  thus  obtained  was :       * 

1st  distillation,  0-02947  * 

2d  "  0-02275 

0-05222  instead  of  0*0^408 
Or  a  deficiency  of  45  per  cent. 

In  a  second  trial,  0*6689  grams  of  sodium  nitrate  were  taken. 
le  conditions  of  reduction  were  as  near  as  practicable  the 
me  as  before,  but  on  completing  the  iirst  distillation  the  odor 
nitric  oxide  was  plainlj  evident  in  the  receiving  vessel,  and 
e  amount  of  free  acid  m  the  latter  was  greater  than  at  the 
tset,  the  standard  acid,  not  only  being  not  neutralized  by 
imonia  coming  from  reduction,  but  made  more  acid  by  the 
action  of  nitric  oxide  upon  the  oxygen  and  water  of  the  con- 
msing  vessels. 

In  a  third  experiment  with  0-4193  grams  of  pure  potassium 
trate,  40  grams  of  cleansed  zinc  were  covered  with  concentrated 
pper  sulphate  solution  for  fifieen  minutes,  the  precipitated 
pper  was  washed  with  great  care  to  avoid  as  much  as  possible 
itaching  it  from  the  zinc.  40  c.  c.  of  water  and  the  nitrate 
^re  added,  the  mixture  heated  very  gradually  and  distilled 
lally  with  addition  of  more  water,  for  one  hour.  The  result  was 
ce  that  of  experiment  2. 

A  fourth  trial  resulted  in  the  same  increase  of  acid  in  the 
ceiver.  In  all  these  cases  the  copper  was  very  loosely  at- 
ched  to  the  zinc,  so  that  by  mere  washing  much  of  it,  and  on 
Hling  most  of  it  separated. 

I  now  referred  to  Gladstone's  description  of  his  method  of 
eparing  the  zinc-copper  couple,  and  made  a  fifth  experiment, 
llowing  his  different  directions  as  follows : 
A  weak  solution  of  copper  sulphate  (1*5  per  cent  CuSO^) 
IS  employed,  and  the  zinc  was  let  remain  in  it  for  some  time 
itil  the  color  of  the  solution  was  very  nearly  discharged, 
le  distillation  was  then  conducted  as  Thorpe  directs. 

0-5338  grm.  KNO3  containing  13-84  per  cent     N. 
yielded  520         "         N. 

deficiency=  8*64         "         N. 
Thorpe  mentions  no  difficulty  in  the  application  of  his  pro- 
ss  except  in  case  of  ammonium  nitrate.     With  reference  to 
J  analysis  he  says,  *'the  discordances  appear  to  depend  upon 
.fferences  in  the  strength  of  the  solution  and  the  amounts  of 
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ziDc  and  copper  taken.  If  the  solutioD  is  too  strong,  nitrogen 
dioxide  is  evolved,  and  if  the  amoant  of  zinc  and  copper  be 
insufficient,  the  redaction  is  incomplete."  It  k  evident  that 
the  process  needs  further  studj  to  aefine  the  conditions  of  its 
successful  employment 

In  contrast  with  the  above  results  I  instance  three  estima- 
tions of  nitrogen  made  by  Buusen's  method,*  on  the  same  sample 
of  potassium  nitrate  and  with  aid  of  the  same  standard  alkali- 
metrical  solutions  as  were  employed  in  the  experiments  just  de- 
scribed. In  Bunsen's  method  the  reduction  is  effected  in  the 
cold,  in  presence  of  260  or  800  c.  c.  of  water  and  excess  of 
caustic  potash  by  zinc-iron  couples,  prepared  by  twisting  to- 
gether sheets  of  the  two  metals. 

The  time  of  reduction  in  the  first  trial  was  twelve,  in  the 
others  thirty,  hours.  After  these  times,  the  ammonia  was  dis- 
tilled into  the  standard  acid.      The  results  were  as  follows : 

I.  2.  3.  Ilieoiy. 

Nitrate  taken,         0-4593         0'3374        0*2661 
Nitrogen  fonnd,    13*29  p.  a    13-49  p.  c  13*25  p.  o.     13*84 

The  results  fall  short,  it  is  seen,  from  0-86  to  0*60  per  cent 
My  acknowledgments  are  due  to  Mr.  E.  BL  Jenkins,   for 
assistance  in  these  trials. 


Art.  XXX. —  Westfield  during  the  Champlain  Period;   by  J.  S. 
DiLLER,  of  Westfield,  Massachusetts. 

Westfield,  Massachusetts,  is  nine  miles  west  of  Springfield, 
and  six  miles  north  of  the  Connecticut  State  line,  in  a  valley 
cut  off  from  the  western  part  of  the  Connecticut  valley  by  the 
Divide  Eange  (the  trap  ridge  extending  south  from  Mount  Tom). 
The  village  of  Westfield  is  situated  between  Westfield  River  a^id 
Westfield  Little  River.  These  rivers  flow  eastward,  across  the 
valley,  and,  after  uniting  a  mile  east  of  the  village,  their  waters 
pass  through  the  Divide  Range  into  the  Connecticut  River 
oelow  Springfield. 

The  region  contains  three  extensive  plaina  Hampton  Plain, 
beginning  near  Hampden  Ponds,  four  miles  northeast  of  the 
village,  extends  south  to  the  Westfield  River.  Avenue  Plain 
extends,  from  the  mountains  west  of  Westfield,  east  between 
the  two  rivers  to  the  village.  Poverty  Plain  begins  south 
of  the  rivers,  and  extends  south  by  the  South  wick  Ponds  into 
the  Farmington  vallev.  Stratified  deposits  in  the  northern 
part  of  the  Hampton  Plain,  near  Hampden  Ponds,  are  286  feet 
above  mean  sea-level.  From  this  place  the  plain  slopes  south 
*  Frewnina'i  ZeitMhrift,  z,  p.  414. 
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elve  feet  per  mile  to  near  the  Catholic  cemetery,  and  is  there 
9  feet  above  mean  sea-level,  or  104  feet  above  highest  modem 
od-level  at  Westfield.  A  plain  extending  south  from  near 
sthampton  toward  the  Hampden  Ponds,  slopes  in  the  same 


lection.  The  divide  between  Northampton  and  Westfield 
crossed,  west  of  Hampden  Ponds,  by  a  valley  through  which 
le  old  canal  extends.  The  highest  plain  in  this  valley  near 
3uthampton   is  256  feet  above  mean  sea-level,  and  slopes 
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toward  the  south.  The  northern  part  of  the  Hampton  Plai 
is  made  of  very  coarse  material,  which  gradually  becomes  fioi 
toward  the  south.  In  the  gravel  of  this  plain,  pebbles  of  tra 
are  found. 

Poverty  Plain  is  highest  just  south  of  Westfield  Litt 
River,  where  the  stratified  deposits  are  254  feet  above  sea-levi 
(109  above  flood-level  at  Westfield),  and  slopes  toward  the  scut 
three  and  a  third  feet  per  mile.  The  material  of  the  Povert 
Plain  is  finer  than  that  of  the  Hampton  Plain.  Povert 
Plain  is  separated  from  Hampton  Plain  by  the  valley  of  tl 
two  rivers,  and  extends  soutn  into  Farmington  valley.  Tl 
slope  of  these  plains  toward  the  south,  and  the  grade  in  tl 
material  of  the  Hampton  Plain  in  the  same  direction,  are  u 
mistakable  evidences  that  during  the  period  of  their  depositio 
the  Champlain  period,  the  water  must  have  flowed  over  the 
plains  from  north  to  south.* 

The  appearance  of  trap  pebbles  in  the  Hampton  Plain  poin 
to  the  same  conclusion.  Not  any  trap  rock  is  found  in  tl 
basin  of  the  Westfield  River  west  of  the  Divide  Range.  Ham 
ton  Plain  is  separated  all  along  its  eastern  boundary  from  tl 
Divide  Ranee  (trap)  by  a  ridge  of  sandstone  rising  far  aboi 
the  stratified  drift  of  the  plain.  From  these  conditions  it 
evident  that  the  trap  could  not  have  been  washed   into  tl 

Slain  from  either  the  east  or  west.  Following  the  Divii 
lange  to  Mt.  Tom,  it  will  be  seen  that  this  mountain  owes  i 
heiMt  to  the  westward  advance  of  the  trap  and  underlyii 
shale,  making  it  to  rest  directly  upon  the  hard  conglomera 
which  forms  a  separate  ridge  south  of  Mt.  Tom.  The  talus  of  tr 
on  the  western  side  of  Mt  Tom  would  be  carried,  by  a  strea 
flowing  south,  along  the  western  base  of  the  mountain,  direct 
into  the  Hampton  Plain.  There  seems  to  be  no  doubt  tl 
the  pebbles  oi  trap  are  from  Mt  Tom,  and  were  carried  ic 
their  present  position  by  a  stream  from  the  Connecticut  Ri\ 
flowing  south  (as  Professor  Dana  has  already  shown),  west 
Mt  Tom,  over  the  Hampton  and  Poverty  Plains  into  t 
Farmington  valley. 

The  highest  stratified  deposits  in  the  vicinity  of  Westfie 
are  near  Mt  Tekoa,  289  feet  above  the  sea,  and  112  feet  abo 
the  flood-level  of  the  Westfield  River  where  it  issues  from  t 
•  mountaina  Hampton  Plain,  as  already  stated,  rises  286  f( 
above  the  sea.  According  to  Professor  Dana,  there  is  a  tern 
at  Tariflfville,  Conn.,  fourteen  miles  south  of  Westfield,  in  t 
same  valley,  having  a  height  275  feet  above  sea-level.  He  1 
taken  this  asproof  that  the  height  of  the  flood  over  the  mid( 
part  of  the  Westfield  basin  was  at  least  275  feet.     The  heigl 

*  Professor  J.  D.  Dana  derived  the  same  conclusion,  this  Journal,  vol.  x.  I 
No.,  1876,  pages  604-607. 
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ven  above,  one  in  the  valley  and  the  other,  a  greater  height, 
jon  its  side,  show,  after  making  reasonable  allowance  for  the 
}pe  of  the  water,  that  the  level  of  the  highest  flood  was  at 
ast  280  feet  above  mean  sea-level. 

During  the  greatest  flood,  the  Westfield  Eiverand  the  West- 
M  Little  River,  joining  the  waters  from  the  Connecticut, 
)wed  south  over  the  Poverty  Plain  into  the  Farmington 
illey.  The  lower  deposits  in  this  vicinity  were  made  by  the 
''estfield  Rivers  before  the  overflow  from  the  Connecticut 
igan.  One  of  the  first  results  of  the  overflow  from  the  north 
ust  have  been  to  fill  the  former  valley  of  the  Westfield  Rivers, 
that  during  the  time  of  greatest  flood  the  Hampton  and 
3verty  Plains  must  have  been  one  continuous  plain. 
The  north  end  of  the  Poverty  Plain  is  five  feet  higher 
an  the  south  end  of  the  Hampton  Plain,  and  while  the  latter 
3pes  twelve  feet  per  mile  the  former  slopes  only  three  and  a 
ird  feet  per  mile.  The  material  of  the  Poverty  Plain  is 
]er  than  that  of  the  Hampton  Plain.  The  differences  in 
jjght,  slope,  and  material,  are  all  due  to  the  confluence  of  the 
ree  streams  upon  the  Poverty  Plain,  and  to  the  damming 
the  water  by  the  Southwick  Divide. 

The  Avenue  Plain,  at  its  western  extremity,  reaches  its 
'eatest  height,  286  feet  above  mean  sea-level  and  109  feet 
)Ove  flood-level  of  the  Westfield  River,  at  Mt.  Tekoa.  From 
is  place  it  slopes  east  sixteen  feet  per  mile  to  the  village 
metery,  where  its  height  is  232  feet  and  87  feet  above  flood - 
vel  of  the  Westfield  River  at  Westfield.  The  east  end  of  the 
venue  Plain  is  at  least  seventeen  feet  lower  than  the  adjacent 
ids  of  the  Hampton  and  Poverty  Plains,  showing  that  seven- 
en  feet  of  stratified  deposits  must  have  been  swept  off  the 
st  end  of  Avenue  Plain. 

When  the  flood  subsided,  the  overflow  from  the  north  ceased, 
id  the  Westfield  rivers  began  to  flow  once  more  through  the 
ivide  Range  into  the  Connecticut.  By  their  conjoined  action 
ey  eroded  the  Avenue  Plain  to  its  present  level,  and  cut  for 
emselves,  across  the  once  continuous  plain,  deep  valleys, 
ith  the  terraced  sides  that  now  appear. 


RT.  XXX. —  On  some  Emhryonic  Forms  of  TVilobites  from  the 
Primardi-al  Rocks  at  Troy,  K  Z  ;  by  S.  W.  Ford.  With 
Plate  IV. 

The  existence,  in  the  case  of  a  number  of  species  of  Bohe- 
ian  Trilobites,  of  a  series  of  forms  showing  that,  before  reach- 
g  maturity,  the  animal  passed  through  several  widely  distinct 
lases  of  growth,  is  a  fact  long  ago  made  familiar  to  geologists 
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by  the  researches  of  M.  Barrande.  In  one  instance,  that  < 
&w  hirsuta,  he  has  shown  that  twenty  such  phases  are  pas8e 
through,  the  earliest  and  simplest  forms  being  of  almost  mien 
scopic  minuteness  and  presenting  scarcely  any  resemblance  1 
the  individual  when  completely  developed  These  phenomeE 
have  been  styled  by  Barrande  the  *' Metamorphoses  of  TriL 
bites;"  and  in  his  truly  magnificent  work  on  the  Trilobitesc 
Bohemia  (Syst^me  Silurien  de  la  Boh6me,  vol  i,  1852,)  the 
are  fully  and  ably  set  forth  and  discussed.  Hitherto,  howeve 
no  example  of  a  truly  embryonic  form  of  trilobite,  or  one  shov 
ing  that  the  animal  was  mainly  developed  after  quitting  tl 
egg,  has  been  found  in  other  than  Bohemian  strata;  a  fa< 
wnich,  when  we  consider  the  prodigious  numbers  of  these  an 
mals  that  existed  in  Paleozoic  times,  the  care  with  which  tl 
rocks  in  which  they  occur  have  been  explored  in  many  coui 
tries,  and  the  profound  study  which  their  remains  have  receive 
at  the  hands  of  many  distinguished  investigators,  would  seem  1 
indicate  that,  in  the  greater  number  of  species,  no  such  fora 
ever  existed.  I  b^  leave  to  submit  herewith  the  evidence 
have  obtained  of  the  metamorphoses  of  an  American  trilobit 
the  species  being  the  Olenellus  {Elliptocephalus)  asaphoides  < 
Emmona  I  shall  discuss  this  evidence,  together  with  certai 
other  material  which  I  possess  pertaining  to  this  species,  und( 
the  following  heads : 

GenuB  OLENELLUS  HaU. 
Olbnbllus  (Eluftockphalus)  asaphoides  Emm. 

L  JSmbryonic  Forma, 

In  the  spring  of  1868  I  discovered  several  specimens  of  th 
species  in  the  limestone  beds  at  Troy,  showing  clearly  tl 
cnaracters  of  OleneUus^  which  were  afterward  fully  identific 
with  the  Washington  County  form  by  Mr.  Billings.  Sin< 
that  time  I  have  added  to  my  list  of  specimens  whenev* 
opportunity  has  oflfered.  Although  some  of  the  specimei 
obtained  early  in  the  course  of  my  investigations  appeared 
me  somewhat  rudimentary  in  character,  yet  it  is  only  of  lat 
and  after  laboriously  working  away  the  partially  envelopir 
rock,  that  I  have  become  fully  aware  of  the  real  richness  < 
the  material.  Further  researches  will  doubtless  supply  mu< 
that  is  still  desirabla 

Fig.  la  represents,  natural  size,  the  earliest  stage  of  growl 
observed,  and  16  the  same  enlarged  five  diameters.  The  spe< 
men  is  nearly  circular,  one  line  in  greatest  width  and  lengt 
with  a  wide  concave  border  which,  toward  the  edge,  is  bei 
upward  so  as  to  form  a  neat  marginal  rim.  The  glabella 
three-fifths  the  total  length.  It  is  divided  into  five  distin 
lobes  by  four  well  defined  furrows  extending  all  across.     Tl 
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►rward  lobe  is  considerably  larger  and  spreads  out  laterally 
3yond  the  others,  which  are  of  nearly  equal  shape  and  dimen- 
ons.  It  stands  out  prominently  in  the  specimen.  The  eye- 
bes  are  of  an  elongate  semi-lunate  form,  and,  springing  from 
le  postero-lateral  angles  of  the  forward  lobes  of  the  glabella, 
ctend  backward  nearly  as  far  as  the  last  glabellar  furrow.  At 
le  posterior  extremity  of  each  and  in  direct  continuity  with 
lem  is  a  well-defined  rounded  ridge  which  extends  outward 
id  backward  toward  the  postero-lateral  margin,  with  the  raised 
ige  of  which  it  unites  to  form  a  slender  spine.  The  spaces 
3tween  the  eye-lobes  and  glabella  are  tumid  and  are  prolonged 
ickward  as  two  spines  lying  within  the  former.  These  I  shall, 
>r convenience,  call  the  "inter-ocular"  spines.  I  have  no  doubt 
at  that  all  of  these  spines  terminate  in  acute  points,  as  they 
•e  all  seen  to  taper  slightly  in  the  specimen  ;  but  as  they  pass 
^neath  the  stone  a  short  distance  from  the  disk,  I  have 
lought  it  better  not  to  run  the  risk  of  destroying  them 
together  in  attempting  to  further  develop  them.  Between 
le  two  spines  last  described  lie  the  last  glabellar  lobe  and  its 
Dpendage,  the  latter  a  simple,  smooth,  narrow,  nearly  flat  or 
aly  feebly  convex  plate,  convex  in  outline  behind,  and  giving 

>  the  specimen  its  nearly  circular  form.     This  plate  I  consider 

>  be  a  rudimentary  pygidium.  I  believe  this  to  be  one  of  the 
lost  rudimentary  trilobitic  forms  ever  discovered.     At  present 

appears  to  me  to  be  equally  humble  in  structure  with  the 
►rm  representing  the  first  stage  of  growth  of  Sao  hirsuia  illus- 
ated  by  Barrande.  The  head  is  greatly  predominant.  There 
no  thorax,  and  no  pygidium  properly  so  called. 
With  regard  to  the  nature  of  the  spines  and  ridges  which  I 
ive  just  described  I  became  greatly  puzzled  as  my  study  of 
le  specimen  continued.  At  first  I  was  disposed  to  look  upon 
lem  as  simply  ornamental  in  their  nature,  regarding  the  ridge 
hich  runs  backward  from  the  eye-lobe  as  simply  the  eye-lobe 
self  fancifully  prolonged.  Afterward,  however,  I  was  led  to 
tke  the  economy  of  the  animal  organization  into  account,  and 
om  the  moment  of  doing  this  I  was  conducted  to  very  differ- 
it  conclusions  from  those  first  entertained.  I  believe  the 
ater  spine  of  this  individual  to  represent  the  permanent  spine 
[  the  genal  angle  in  the  adult,  and  the  little  ridge  which 
ins  backward  from  the  eye-lobe  to  this  spine  and  helps  to 
)rm  it  to  represent  that  portion  of  the  posterior  margin  of 
lalts  which  lies  between  the  genal  angle  and  the  facial  suture, 
he  inter-ocular  spines  I  am  inclined  to  regard  at  present 
s  having  been  most  probably  protective  in  their  office.  Be- 
w'een  the  ridges  extending  from  the  eye-lobes  and  these  spines 
lere  is  an  open  space  or  slit  in  the  shield.  This  space  repre- 
ents,  I  believe,  the  position  of  the  posterior  portion  of  the 


Digitized  by 


Gl 


268  &  W.  Ford— Embryonic  Fbrms  of  IrUobiies. 

facial  suture  in  the  adult  At  this  stage  that  portion  of  the 
posterior  margin  of  adults  which  lies  within  the  sutures  is  not 
even  indicated.  The  specimen  presenting  these  remarkable 
features  of  structure  is  in  a  beautiful  state  of  preservation. 

Fig.  2a  represents  another  specimen,  natural  size,  and  2b  the 
same  enlarged  three  and  one  half  diametera     The  lower  left 
hand  portion  of  the  border  is  slightly  restored  in  each.     This 
specimen  is,  in  extreme  width,  two-thirds  larger  than  the  first 
example,  and  in  extreme  length,  exclusive  of  the  spines,  one- 
half  larger.     The  form  has  changed  considerably,  but  it  re- 
quires but  a  moment's  attention  to  conVince  one  that  the  lun- 
aamental  structure  is,  in  all  respects,  the  same  with  that  of  the 
preceding  example.     The  shield  is  more  spread  out  laterally, 
and  mai^edly  so  at  the  mid-length  ;   the  eye-lobes  in  their 
forward  portions  are  more  arched  ;  the  glabella  is  more  acutely 
and  regularly  tapering ;  and  the  proportional  distance  between 
the  inter-ocidar  spines  at  their  on^n  is  considerably  increased. 
The  glabella  is  marked  by  four  distinct  furrows  extending  all 
across  as  before.     Immediately  in  advance  of  the  fourth  or* 
foremost  furrow  there  is  a  slight  ridge  extending  all  across  the 
anterior  lobe,  which  gives  to  the  eye-lobes  the  appearance  of 
meeting  on  the  median  line  of  the  glabella.     The  neck-furrow 
is  strongly  marked.     On  either  side  of  the  neck-segment  is  a 
short,  deep,  longitudinal  furrow  with  an  elevated  rim  bounding 
it  behind.     We  have  here  rudely  sketched  out  that  portion  of 
the  posterior  margin  of  adults  which  lies  inside  of  the  sutures. 
In  contact  with  this  margin  there  is  a  somewhat  convex,  trian- 
gular body,  the  central  portion  of  which  is  damaged,  but  which 
shows  on  each  side  two  or  three  obscure  furrows  extending 
outward  and  backward.     This  body,  both  from  what  Barrande 
has  taught  respecting  the  mode  of  development  of  the  thorax 
of  trilobites  and  from  the  appearances  tnemselves,  I  consider 
to  be  most  probably  a  rudimentary  thorax  and  pygidium  com- 
bined    From  the  even  manner  in  which  it  is  outlined  it  is 
probable  that  none  of  the  segments  were  yet  free.     The  surfiaee 
of  both  this  and  the  forgoing  specimen  is  smooth. 

Now,  if  we  examine  the  figures  it  will  appear  evident,  I 
think,  that,  between  1  and  2,  one  or  more  intermediate  forms 
may  exist,  and  between  2  and  8  a  considerable  number  of  such 
forms.  As  yet,  however,  no  such  forms  have  been  obtained. 
Figure  Sa  shows,  natural  size,  and  8i  twice  enlarged,  a  head 
whose  development  is  evidently  nearly  completed,  but  which 
is,  nevertheless,  embryonic  in  certain  of  its  features.  There 
still  exist  the  strong  inter-ocular  spines  and  the  glabellar  ridge 
uniting  the  eye-lobes  in  front  The  glabellar  furrows  also  extend 
all  across,  but  become  fainter  on  the  median  line.  The  eye-lobes 
are  rather  more  regularly  curved  than  represented  in  the  figure. 
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In  this  specimen  we  have  the  first  indication  of  the  fine  system 
of  surface  lines  which  ornaments  so  beautifully,  in  many  instan- 
ces, the  adults.  From  the  posterior  extremity  of  the  eye-lobe 
there  is  a  slender  though  distinct  ridge  running  backward  par- 
allel with  the  inter-ocular  spine,  lying  close  alongside,  to  the 
marginal  edge  and  forming  with  it  a  continuous  elevation. 
Between  this  little  ridge  and  its  adjacent  spine  is  the  place  of 
the  suture.  In  this,  as  in  the  preceding  example,  the  inner 
formed  portions  of  the  posterior  margin  wall  against  the  inter- 
ocular  spines.  These  spines  are  here  clearly  seen  to  lie  in  the 
marginal  border,  or  rather  between  its  still  disunited  outer  and 
inner  portions,  appearing  as  if  occupying  a  little  notch  in  that 
border  especially  intended  for  their  reception.  The  spines  of 
the  posterior  angles  are  only  partially  preserved. 

In  figure  4a,  which  is  of  the  natural  size,  and  h  the  same 
enlarged  as  before,  the  posterior  margin  is  continuous  or  united 
at  the  sutures;  but  there  is  a  little  ridge  running  from  the  base 
of  the  eye- lobe  to  the  marginal  edge,  as  in  the  preceding  case. 
This  character  is  likewise  shown  in  all  perfect  adult  specimens. 
The  specimen  is  perfect  excepting  the  posterior  spinea  The 
characters  are  all  only  those  of  adult  growth.  Tfiere  are  three 
pairs  of  glabellar  furrows  in  advance  of  the  neck-furrow,  none 
of  which  reach  the  median  line,  and  in  addition,  as  is  likewise 
true  of  most  adult  specimens,  a  short,  fainter  fourth  pair  in  front 
of  the  anterior  extremities  of  the  eye-lobes.  The  neck-furrow 
is  continuous  all  across.  The  spaces  between  the  eye-lobes  and 
glabella  are  but  moderately  convex  and  were  no  longer  pro- 
vided with  spinous  appendages.  The  surface  of  the  cheeks  is 
ornamented  with  exceedingly  fine  waved  lines,  best  shown  in 
the  concavity  just  within  the  marginal  rim. 

I  have  purposely  dealt  with  figure  4,  under  this  head,  in 
order  to  prepare  the  way  for  a  better  understanding  of  certain 
features  of  structure  presented  by  the  embryonic  forms  to 
which  I  wish  more  particularly  to  refer.  Eeturning  to  figure 
Sa; — on  comparing  this  form  with  2a,  we  observe  the  princi- 
pal differences  to  consist  in  the  relatively  greater  lateral  expan- 
sion of  the  postero-lateral  portions  of  the  shield  in  the  former, 
these  being  extended  so  as  to  give  to  the  form  a  nearly  semi- 
circular outline ;  the  relatively  smaller  size  of  the  tumid  spaces 
between  the  eye-lobes  and  glabella;  the  relatively  nearer  ap- 
proach of  the  posterior  portions  of  the  eye-lobes  to  the  glabella ; 
and  in  the  presence  of  a  nearly  perfectly  formed,  though  not,  as 
yet,  united  posterior  border.  With  the  completion  of  the  perfect 
union  of  the  posterior  margin  at  the  sutures,  the  inter-ocular 
spines  appear  to  have  been  no  longer  of  use  and  were  altogether 
suppressed.  Figure  4  is  an  example  of  this.  But  in  all  essen- 
tial features  of  structure  I  believe  2  and  3  to  be  fundamentallv 


Digitized  by 


Qooi 


270  S.  W.  Ffyrd—Bhnbryonic  Farms  of  TrUobites. 

the  same.  If,  in  the  case  of  figure  2  we  were  to  suppose  that 
portion  of  the  ridge  running  from  the  lower  extremity  of  the 
eye-lobe  which  does  not  enter  into  the  composition  of  the  spine 
of  the  general  angle  to  be  elastic,  and  then  draw  the  lower  end 
of  the  eye-lobe  downward  and  inward  as  close  to  the  glabella 
as  possible,  at  the  same  time  carrying  the  genal  angle  outward 
a  little  way,  we  should  get  a  short  horizontal  posterior  margin 
between  the  outer  and  inner  spinea  This  is  similar  to  what,  I 
believe,  has,  in  effect,  actually  occurred  in  the  growth  and  de- 
velopment of  this  form,  the  growth  being  both  inward  or  toward 
the  fine  of  suture  and  outward  or  toward  the  angle,  giving  us  a 
form  such  as  we  observe  in  figure  8.  I  have  no  doubt  but  that 
future  discoveries  will  bring  to  light  forms  illustrating  this,  and 
also  showing  us  more  fully  the  various  stages  of  unfolding 
passed  through  in  the  development  of  this  extraordinary  species 
of  trilobite. 

n,  AduU  Forms. 

Fig.  5  represents,  twice  enlarged,  an  unusually  perfect  speci- 
men. It  is  of  a  young  individual,  but  the  characters  show  that 
it  was,  without  doubt,  a  fully  developed  form.  The  head  is 
somewhat  crushed  and  fractured,  but  the  main  features  are 
beautifiilly  shown.  The  thorax  is  incomplete,  and  the  pygi- 
dium  is  wanting.  There  are  twelve  pairs  of  ribs  preserved. 
These  decrease  in  length  in  a  regular  manner,  constituting  an 
exceptional  feature  in  the  structure  of  the  genus.*  In  one  of 
the  three  specimens  of  this  species  figured  in  Dr.  Emmons' 
works  there  are  fourteen  articulations  in  the  thorax,  but  it  is 
impossible  to  say  whether  this  is  the  total  number  possessed 
by  the  individual.  His  figure  also  shows  one  of  the  posterior 
spines  of  the  head  in  place  with  its  characteristic  surface-mark- 
ingaf  In  our  specimen  the  whole  surface  of  the  head  beyond 
the  eye-lobes  and  glabella  is  covered  with  irregularly  alter- 
nating finer  and  coarser  lines  radiating  outward  to  the  margin. 
These  lines  are  somewhat  too  coarsely  represented  in  the  figure, 
but  it  shows  well  the  peculiar  character  of  the  ornamentation. 
In  this  specimen  the  slender  ridges  runninff  from  the  eye-lobes 
to  the  posterior  margin  along  the  sutural  Tines  are  very  appar- 
ent The  eye-lobes  are  not  actually  in  contact  with  the  glacHBlla 
behind  as  shown  in  the  figure,  which  would  also  slightly  change 
the  direction  of  the  ridges  extending  from  them.  At  a  and  b 
the  shield  is  fractured,  but  I  do  not  consider  either  fracture  as 

*  See  Barrande, — "  Documents  andens  et  nouveaux  but  la  taune  primordiale  et 
le  Systdme  Taoonique  en  Amerique.''  BuL  GeoL  Soc.  France,  2  Ser.,  yoL  zviii,  p. 
203,  1861.  Also,  the  writer,  *'  Note  on  Mcrodieau  apeciosuSj^^  this  Joum.,  Feb., 
•  187t,  p.  141. 

t"  American  Oeolog^,"  pL  1,  fig.  18,  1856.  See  also  "Taoonic  System," 
pamph.,  ito,  p.  21,  1844. 
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coincident  with  the  course  of  the  suture.    In  fig.  8,  which  repre- 
sents the  glabella,  eye -lobes,  and  portions  of  the  cheeks  of  a 
large  individual,  the  whole  considerably  weathered,  there  are 
three  such  fractures.    Of  these  a  coincides  very  nearly  in  relative 
position  and  direction  with  a  in  fig.  5,    But  this  coincidence  ap- 
pears to  me  to  be  only  accidental.    It  is  possible,  judging  from  a 
specimen  in  my  collection  showing  the  under  side  of  the  head 
with  the  hypostoraa  in  place,  that  the  line  c  coincides  with  the 
suture,  but  I  do  not  feel  at  all  satisfied  of  this.     I  have  never 
been  able  to  ascertain  to  my  entire  satisfaction  the  direction  of 
the  suture  in  front  of  the  eye  in  any  specimen.     The  shield 
appears  to  have  fractured  as  easily  in  one  direction  as  another. 
This  would  seem  to  indicate  that  the  cheeks  were  very  firmly 
united  at  the  sutures  in  front.     This,  if  true,  has  an  important 
bearing  upon  what  I  have  stated  in  regard  to  the  mode  of  for- 
mation of  the  posterior  border  in  the  embryonic  stages  ;  for  if, 
according  to  my  view,  the  posterior  portions  of  the  sutures 
were,  almost  from  first  to  last  in  the  progress  of  the  metamor- 
phoses, only  indicated  by  the  structure,  the  spaces  in  -the  devel- 
oping margin  which  they  were  to  occupy  being  long  left  open, 
we  can   readily  understand  why  the  anterior  portions  of  the 
shield  should  have  been  firmly  held  together.     The  changes 
that  took  place  in  the  forward  portion  of  the  shield  daring  the 
period  of  development  were,  as  compared  with  those  in  the 
backward,  relatively  unimportant  both  as  to  kind  and  amount. 
This  species  sometimes  attained   an   enormous  size.     One 
specimen  of  the  glabella  in  my  collection  is  an  inch  in  width 
at  its  narrowest  part     The  surface  of  the  head  in  some  cases 
presents  an  exceedingly  ornate  appearance.     Occasionally  the 
whole  surface  of  the  cheeks  is  covered  with  small  polygonal 
areas  having  a  little  prominence  in  the  center  of  each,  these 
areas  being  formed  by  the  irregular  interlacing  of   the  fine' 
raised  surface  lines.     In  other  cases  this  arrangement  holds 
good  for  the  more  central  portions  of  the  cheeks,  while  toward 
the  margin   the  lines  become  more  regular  in  direction  and 
better  defined,  and  sometimes  become  so  widely  separated  as 
to  enclose  two  or  more  rows  of  what  were  before  the  little 
tubercles  or  prominences  in  the  polygonal  spaces.     Figs.  Wa~h 
are  intended  to  illustrate  what  is  here  meant,  h  being  a  small 
segment  of  the  outer  portion  of  a  cheek  greatly  enlarged,  and  a 
an  enlargement  of  one  of  the  inner  portions.     At  other  times 
the  whole  surface  of  the  cheeks  is  covered  with  tubercles  with 
no  enclosing  lines,  and  at  still  others  with  only  irregular  lines 
with  no  tubercles. 

Fig.  9  is  of  a  portion  of  one  of  the  cheeks  preserving  its 
spine.  The  upper  crust  is  nearly  all  removed,  but  at  the  spine 
we  see  it  present  with  its  usual  ornamentation.     The  specimen 
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is,  for  the  most  part,  a  cast  in  stone  of  the  outer  or  lower  sar- 
face  of  the  "  doublure,"  which  is  shown  to  be  ornamented  in 
much  the  same  way  as  the  upper  surface  of  the  shield.  Along 
the  outer  edge  there  is  a  portion  of  the  doublure  itself  remain- 
ing. 

in.  77ie  JBypostoma  and  JEjnstomcL 
Of  the  hypostoma  of  this  species  I  have  several  specimens,  one 
of  which,  a  very  perfect  example,  is  here  figured  twice  the 
natural  size  (fig.  6).  Its  form  and  structure  both  show  it 
to  be  very  closely  related  to  the  hypostoma  of  Paradoxides, 
The  surface  is  smooth.  The  central  body  is  exceedingly  convex. 
In  his  description  of  the  type  of  the  ^enus,  0.  Thompsoni  (18th 
Kegents'  Rep.  and  elsewhere),  Professor  Hall  .says  of  the  hypos- 
toma that  it  is  "  broadly  ovate,  little  longer  than  wide."  As 
this  description  was  too  imperfect  to  be  made  available  in  com- 

Sarison,  and  was  unaccompanied  by  a  figure,  we  were  thus  left  in 
oubt  regarding  the  testimony  of  this,  one  of  the  most  import- 
ant parts  of  trilobites  that  can  be  employed  in  the  identifica- 
tion or  diflFerentiation  of  genera.  In  the  form  of  the  hypos- 
toma, the  shape  of  the  glabella,  and  in  its  facies^  this  genus  is 
evidently  closely  related  to  Paradoxides,  more  closely  I  believe 
than  to  Olenus,  as  was  originally  believed  by  most  paleontolo- 
gists who  investigated  ii  The  glabella  in  all  the  species  is 
widest  at  the  fix)ntal  lobe.  In  the  case  of  0,  asaphoides  we  see 
that  this  is  a  feature  that  is  early  marked  out  in  the  structure. 
In  a  small  number  of  species  of  trilobites  described  and 
figured  by  Barrande,  there  is  shown  to  exist  a  second  plate 
(juite  similar  in  shape  to  the  hypostoma,  but  placed  in  the 
interior  of  the  cephalic  shield.  This  he  has  called  the  "epis- 
toma."  We  have  not  hitherto  found  this  organ  in  any  Ameri- 
.  can  trilobite.  About  three  years  ago  I  obtained  an  enormous 
glabella  of  0,  asaphoides^  beneath  which  there  appeared  to  be 
at  one  point  indications  of  the  existence  of  a  plate  of  different 
character  from  anything  I  had  previously  seen.  The  specimen 
remained  in  my  hands  in  this  state  for  a  long  time,  but  I 
finally  succeeded  in  developing  the  body  referrea  to,  which  is 
the  remarkable  form  represented  (nat  size)  in  fig.  7  of  the  plate. 
It  shows  a  central  or  sub-central  elevated  area  with  two  deep 
oblong  parallel  furrows;  an  elevated  left-hand  border,  and 
between  these  a  wide  concavity.  At  the  upper  left-hand  por- 
tion is  the  cast  of  a  stout  spinei  Just  to  the  right  of  this  a 
portion  of  the  plate  has  been  removed.  The  surface  presents  a 
smooth  polished  appearanca  This  plate  I  believe  to  be  the 
epistoma  of  this  species. 

The  specimen  whence  this  plate  was  obtained  consisted  as 
originally  discovered  of  two  parts,  one  showing  the  inner  surface 
of  the  crust  of  the  glabella,  and  the  other  its  impression  in 
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limestone.  Beneath  this  latter,  at  about  a  lines  depth,  was 
shown  a  portion  of  the  plate  in  question.  At  present  the 
specimen  consists  of  three  parts,  or  rather  four :  (1)  The  inner 
surface  of  the  glabella ;  (2)  a  limestone  cast  of  the  same ;  (3) 
the  epistoma  attached  to  the  lower  side  of  No.  2;  (4)  a  cast 
of  the  lower  or  mouth  ward  side  of  the  epistoma,  and  preserv- 
ing its  spine.  The  layer  holding  the  epistoma  came  awaj  in 
several  pieces.  These  have  been  glued  together,  and  the  rela- 
tions of  the  parts  of  all  four  of  the  pieces  can  be  made  out  with 
ease  and  certainty. 

As  will  be  seen  from  the  figure,  the  plate  is  in  a  fragmentary 
condition.  Compared  with  the  hypostoma  it  is  probably 
represented  in  an  inverted  position  in  the  drawing.  The 
upper  portion  in  the  figure  is  probably  the  backward  portion 
in  the  specimen.  This  is,  moreover,  its  position  beneath  the 
glabella.  It  lies  diagonally  across  the  latter,  with  its  spinous 
portion  resting  directly  beneath  the  neck  segment.  It  has 
doubtless  become  detached  and  slipped  backward.  It  appears 
to  me  probable  that  the  straight  dotted  line  in  the  figure  inuicates 
approximately  the  middle  line  of  the  perfect  specimen.  This 
is  all  that  I  desire  to  say  upon  the  subject  at  present. 

To  sum  up:  I  believe  the  facts  which  have  been  presented 
prove  conclusively  that  we  have  in  Olmielbxs  asaphoides  an  ex- 
ample of  the  metamorphoses  of  trilobites,  and  clear  up  some 
points  that  have  always  been  in  doubt  concerning  the  genus, 
besides  affording  us  a  more  complete  life-history  than  we  have 
hitherto  possessed  of  any  trilobite  from  American  strata.  In  my 
investigation  of  this  singular  life-history  I  have  striven  earnestly 
to  read  the  record  aright.  How  far  I  have  succeeded  in  this  must 
remain  for  my  fellow  laborers  in  the  department  to  determine. 

All  of  the  specimens  described  and  figured  in  this  paper 
were  collected  by  the  writer  from  the  limestone  beds  of  the 
Lower  Potsdam  Group  at  Troy,  N.  Y. 

New  York,  February,  1877. 


Art.  XXXL — The  Winds  of  Hie  Globe  ;  or  the  Laws  of  Atmos- 
pheric  Circulation  over  tfie  surface  of  the  Earth  ;  by  James  H. 
Coffin,  LL.D.,  Professor  of  Mathematics  and  Astronomy  in 
Lafayette  College.* 

This  volume,  to  which  the  author  devoted  many  years  of 
earnest  labor,  may  be  considered,  as  its  title  implies,  an  exten- 

*  r/ie  Winds  of  the  Globe;  or  the  Laws  of  Atmospheric  Circulation  over  (he  surface 
ofUte  Earth;  by  James  H,  Coffin,  LL.D.,  Professor  of  Mathematics  and  Astron- 
omy in  Lafayette  College,  xxvi  and  756  pp.  4to,  with  26  plates.  Washington, 
1876.  Completed,  on  the  author's  decease,  by  Professor  Selden  J.  CoflBn,  Ph.D. ; 
with  a  discussion  and  Analysis  by  Dr.  Alexander  Woeikof. — Smithsonian  Con- 
tributions to  Knowledge. 
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sion  of  his  earlier  treatise  on  the  Winds  of  the  Northern  Hemi- 
sphere.    Its  design  is  to  show 

1st.  The  mean  direction  of  the  wind  in  all  parts  of  the  earth. 

2d.  The  ratio  that  the  progressive  motion  bears  to  the  total 
distance  traveled. 

8d.  The  modifications  that  the  mean  current  undergoes  in 
the  diflferent  seasons  of  the  year. 

4th.  The  directions  in  which  the  forces  act  that  produce 
these  modifications. 

5th.  The  amount  of  their  intensities. 

6th.  To  show,  by  separate  solutions  for  the  surface  winds 
and  those  indicated  by  the  motion  of  the  clouds,  how  the  two 
differ,  and  how  they  diflfer  according  as  we  do,  or  do  not,  take 
into  account  the  difference  in  the  velocity  of  the  different  winda 

The  data  used  for  elucidating  these  points  consist  of  series 
of  observations  on  winds  made  at  8,223  different  stations  on 
land,  and  during  numerous  voyages  at  sea,  extending  from  the 
parallel  of  83*"  16'  north  latitude,  to  beyond  the  parallel  of  75° 
south  latitude,  the  extreme  points  ever  reached  by  man,  altogether 
embracing  an  aggregate  period  of  over  18,500  years.  If  the  area 
between  latitude  60°  N.  and  60°  S.,  where  observations  are  more 
abundant,  be  divided  into  geographical  squares,  by  drawing 
meridians  and  parallels  of  latitude  5°  apart,  of  the  1728  squares 
so  formed  1410  are  represented  in  this  work.  The  318  vacant 
squares,  from  which  no  observations  have  been  obtained,  are  as 
follows:  Twenty-one  in  North  America,  mostly  in  British  Amer^ 
ica;  forty  in  the  interior  of  South  America;  none  in  Europe; 
seventy  in  Central  Asia;  sixty-three  in  Africa;  fifteen  in  the 
interior  of  Australia;  one  hundred  and  eight  in  the  North 
Pacific  Ocean;  and  one  in  the  South  Pacific  Ocean. 

It  seems  eminently  desirable  that  the  great  paucity  in  the 
North  Pacific  Ocean,  should  be  filled ;  particularly  as  it  is  sup- 
posed that  the  material  for  doing  so  exists,  though  entirely 
unreduced,  among  the  archives  of  the  United  States  Naval 
Department 

To  facilitate  condensation  in  the  results,  the  stations  that 
reported  directly  to  the  Smithsonian  Institution  have  been 
grouped  into  convenient  districts,  about  100  miles  square,  and 
the  total  number  of  observations  has  been  given  for  at  least 
eight  points  of  the  compass,  during  each  of  the  four  seasons. 
In  the  case  of  most  other  stations,  and  particularly  when  the 
series  extended  through  a  long  period  of  years,  the  total  num- 
ber of  observations  is  given  for  each  month  of  the  year,  and 
to  sixteen  points  of  the  compass.  By  this  summary  the  dis- 
tinctive features  of  the  system  of  winds  in  any  part  of  the 
earth  are  not  obliterated  by  condensation,  excepting,  of  course, 
when  those  of  a  particular  epoch  are  sought,  as  in  the  case  of 
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the  investigation  of  storms.  For  this  the  present  work  is  not 
available ;  although  the  author  appreciated  this  end,  as  shown 
in  his  preparation  of  a  previous  work,*  in  which  300  pages  are 
devoted  to  selected  records  from  400  localities  in  the  United 
States,  extending  through  several  days  each,  in  the  case  of 
storms  that  occurred  in  March  and  September,  1859,  and  noting 
not  only  the  winds,  but  all  the  accompanying  meteorological 
phenomena. 

The  method  of  summing  and  presenting  this  mass  of^material, 
is  by  five  series:  in  each  of  which  the  separate  seasons  and 
points  of  the  compass  are  kept  distinct,  viz : 

L  The  number  of  observations. 

11.  The  number  of  miles  traveled,  as  estimated  by  the  ob- 
servers. 

ni.  The  mean  velocity  in  miles  per  hour. 

IV.  The  number  of  observations  taken  on  the  upper  current, 
as  indicated  by  the  motion  of  the  clouds. 

V.  A  velocity  table  computed  from  the  first  three  series,  the 
results  of  which  will  be  noted  farther  on. 

In  series  I,  II  and  IV,  the  trigonometrical  resultants  are 
computed,  both  as  to  direction  and  the  ratio  of  the  resultant 
to  the  sum  of  the  winds.  Of  these  the  work  embraces  16,000 
solutions,  about  one-half  of  which  find  place  on  the  charts. 
The  deflecting  forces  have  been  wrought  out  in  about  8,000 
of  these  instances. 

The  peculiarity  of  series  V  may  be  seen  in  an  example. 
Certain  stations  in  New  Hampshire,  north  of  latitude  40°, 
during  the  years  1864  to  1857  inclusive,  give  the  following 
result : 


Average  velocity  of  aU  winds  in  miles,  per  hour,  _ . 

Velocity  in  mean  direction,  on  the  supposition  that 
the  winds  from  every  point  of  the  compass  move 
with  the  foregoing  velocity,  -__ 

True  velocity  in  mean  direction,  giving  to  the  winds 
from  every  point  of  the  compass  each  their  own 
average  velocity,  as  shown  in  the  table  above, . . 

Eiceas  of  the  latter  over  the  former. 


I 


8-16 


2-72 


2*91 
4- -19 


6-39 
1-6T 

1-80 

+  ■13 


6-48 
2-7'? 


2-70 
-■07 


8-91 


7-48 


3-82    2-66 


4-48 


2-88 


+  •66  +-22 


Let  the  movement  of  a  particle  of  air  be  traced,  which  is 
supposed  to  be  stirred  only  by  the  winds  that  are  found  day 
after  day  at  a  given  place :  at  the  end  of  the  year  the  path  of  the 
particle,  though  entirely  irregular,  will — so  far  as  its  progress 
aad  general  direction  are  concerned — be  essentially  the  same 


♦Results  of  Meteorological  Observations,  1854-59. 
Statw  Senate  Document,  86th  Congress. 
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as  the  curve  more  easily  formed  by  joining  the  foar  lines, 
whose  direction  and  length  are  recorded  in  the  resultants  of 
series  I.  On  the  North  American  coast  of  the  Atlantic  the 
curve  is  of  this  general  shape  v^^  while  on  the  European  coast 
the  curvature  is  reversed,  being  ^^^^.  The  change  seems  to 
occur  in  mid-ocean  at  longitude  80®  to  86°  west  Except 
where  there  are  marked  local  obstructions  to  the  free  flow  of  the 
air,  this  law  seems  invariable ;  and  it  holds  in  the  majority  of 
cases,  even  in  the  motion  of  the  clouds;  but  Mount  Washing- 
ton, New  Hampshire,  seems  a  remarkable  exception ;  the  ob- 
servations for  1870-8  give  as  resultants — 
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Batio. 
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87° 
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Winter, 
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9°1 
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These  S-shaped  curves  were  pointed  out  and  illustrated  bj 
Professor  Coffin,  in  1848,  at  the  same  time  that  he  announced 
the  existence  of  the  Polar  system  of  the  northeast  winds,  and 
the  Temperate  system  of  the  westerly  winds.  The  forces  that 
deflect  the  wind  from  its  mean  annual  direction,  and  so  cause 
these  peculiar  curves  are  given  under  the  title  of  Monsoon 
Influences.  Are  they  due  to  changes  in  the  temperature,  or  to 
variations  in  atmospheric  pressure  at  the  diflferent  seasons? 
An  examination  of  the  maps  shows  instantly  that  in  all  parts 
of  the  globe,  these  deflecting  forces  are  inclined  toward  the 
nearest  adjacent  land-center  in  the  summer,  and  toward  the  center 
of  the  nearest  large  body  of  water  in  the  winter,  thus  showing 
the  direct  agency  of  heat  in  modifying  the  direction  of  the  cur- 
rent, and  the  intensity  of  its  flow.  That  barometric  pressure 
however  plays  the  more  important  part  in  eflFecting  these  seasonal 
changes  of  dfirection  is  shown  in  Dr.  Woeikofs  minute  discus- 
sion ;  wherein,  reproducing  the  isobaric  charts  of  Dr.  Alexander 
Buchan,  he  considers  the  five  wind  systems  in  general,  and 
then  treats  separately  the  winds  in  the  smaller  geographical 
divisions  of  the  earth.  He  corrects  the  error,  so  generally 
prevalent,  of  limiting  the  monsoons  to  the  tropical  part  of  Asia, 
showing  that  they  extend  as  well  to  all  China,  «Japan,  Mant- 
chooria,  the  western  coast  of  the  Sea  of  Ochotsk,  and  the  basin 
of  the  Amoor  river;  and,  with  a  reverse  of  seasons,  to  Australia. 

The  winds  on  the  whole  Atlantic  coast  of  the  United  States 
were  early  shown  by  Professor  Coffin  to  possess  some  monsoon 
features,  though  slight  The  influence  of  the  Gulf  of  Mexico 
over  the  basin  of  the  Mississippi  and  Ohio,  from  latitude  34*^  to 
42®,  in  producing  the  west-southwest  direction  of  the  winds  at 
all  seasons,  is  traced  to  the  constant  maximum  pressure  existing 
to  the  south  and  the  minimum  to  the  north  and  northeast 
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Dr.  Woeikof  instances  latitude  40°  to  60°  south  as  that  part 
of  the  earth  where  the  winds  have  the  greatest  velocity,  strong 
westerly  winds  prevailing  there  the  whole  year:  due  to  the 
great  difference  in  the  pressure  of  the  air  at  a  small  distance,  or 
in  other  words,  the  steep  barometric  gradient.  As  to  this 
topic,  Professor  Coffin  left  on  record  but  a  few  general  conclu- 
sions, of  which  we  would  note  only  his  determination  of  65"^  as 
the  average  angle  made  by  the  line  of  the  wind's  approach, 
with  one  drawn  to  the  point  of  maximum  pressure. 

The  velocity  tables,  elaborately  prepared,  mainly  from  data 
in  the  United  States,  are  designed  to  show  the  effect  of  com- 
bining the  element  of  velocity  with  that  of  time,  in  computing 
the  resultants.  The  question  is  one  of  vital  importance,  and 
the  magnitude  of  the  task  alone  hinders  its  being  solved  in  a 
similar  manner  for  all  parts  of  the  world.  Five  years  of  work- 
ing time  were  spent  on  the  reduction  of  the  observations  taken 
at  418  places  on  the  American  continent,  for  a  total  period  of 
700  years.  The  results  show  that  the  effect  of  velocity  is  to 
throw  the  resultant  northerly  far  more  frequently  than  south- 
erly, and  at  a  much  greater  angle;  that  it  increases  its  magni- 
tude far  more  frequently  than  it  diminishes  it,  and  by  a  greater 
amount 

In  the  United  States,  north  of  latitude  32°,  the  annual  results 
obtained  by  noting  the  actual  velocities  average  S.  89° -fW., 
with  a  ratio  of  '261 ;  while  those  had  by  disregarding  the  un- 
equal velocities  are  S.  80° -fW.,  ratio  '227.  The  divergence  is 
therefore  about  9°  in  the  3'early  resultants,  but  greater  in  win- 
ter, and  less  in  summer. 

This  general  fact  of  a  [northerly]  divergence  and  excess  of 
ratio,  holds  true  also  for  the  few  places  computed,  that  are 
situated  within  the  limits  of  the  Polar  and  Equatorial  systems ; 
yet,  as  the  divergence  seldom  exceeds  15°,  the  great  general 
conclusions  reached  must  be  considered  safe,  although  the 
variation  in  velocitj^  be  disregarded. 

The  average  velocity,  so  obtained,  of  all  winds  in  the  United 
States,  is  seven  miles  an  hour,  being  slightly  in  excess  in  the 
northeastern  part  of  the  Union,  and  less  in  the  States  nearer 
the  center  of  the  continent 

For  positions  considered  separately,  the  velocity  of  the  wind 
is  greater — 

1.  On  high  isolated  peaks,  than  at  low  stations, 

2.  On  the  seashore,  and  especially  on  isolated  islands,  than 
in  the  interior  of  continents, 

3.  In  level  countries,  than  in  countries  surrounded  by  moun- 
tains; and 

4.  In  prairies,  and  especially  desert  countries,  than  in  wooded 
regions. 
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A  leas  velocity  than  the  average  belongs  to  the  winds  of  the 
equatorial  calm-belt,  the  calm-bdts  at  the  polar  limits  of  the 
trade-winds,  and  the  trade-wind  belts. 

There  is  an  extensive  region  in  the  southwest  of  the  United 
States,  which  has  a  common  yearly  peciod  of  winds,  different 
as  are  its  geographical  features^  It  includes  the  extreme  south- 
east of  CfiJifornia,  Arizona,  New  Mexico,  Southern  Utah,  Texas, 
Arkansas,  the  Indian  Territory,  Eastern  Colorado,  Eastern 
Wyoming,  Southern  Dakota,  Nebraska,  Iowa,  Eoinsas,  and 
Missouri.  The  winds  are  southeast,  south,  or  southwest  in 
summer,  with  a  great  ratio  of  the  resultant  in  the  south,  dimin- 
ishing toward  the  north  and  east  In  winter  the  winds  are 
mostly  north  and  northwest  This  region  is  equal  to  more 
than  a  million  square  miles,  or  about  one-third  oi  the  United 
States,  without  Alaska. 

A  comparison  of  the  motions  of  clouds  with  the  mean  direc- 
tion of  the  surface  current,  shows  that  they  very  nearly  coincide 
in  nearly  all  regions  of  the  United  States ;  the  former  being 
more  purely  west,  and  having  a  ratio  of  resultant  of  42  per 
cent — nearlv  double  that  of  the  surfece  current,  which  is  28 

f)er  cent — thus  showing  a  steadiness  of  motion  admitting  of 
ittle  monsoon  influence ;  while  the  lower  current  has  a  more 
west-southwest  direction  between  the  Mississippi  and  the 
Appalachian  chain,  and  a  west-northwest  direction  in  New 
England. 

As  the  northern  and  southern  boundaries  of  the  great  west- 
erly current  are  approached — at  least  in  the  United  States — the 
length  of  the  arrows  that  designate  the  cloud  current  decreases 
as  much  below  the  42  per  cent  above  named,  as  they  surpass 
that  figure  in  the  center  of  the  aerial  stream ;  and  thus  the 
southern  limit  of  this  system  of  cloud  motion  seems  to  extend 
down  to  north  latitude  80®,  some  three  d^rees  &rther  south 
than  is  assigned  to  the  corresponding  system  of  surface  winds. 
The  work  is  rich  in  tabular  matter,  especially  from  Spain, 
Norway,  Bussia,  Siberia  and  India.  Twenty-six  charts  are 
attached,  in  which  the  general  features  of  the  wind  systems  are 
delineated,  mainly  by  resultants  and  wind-roses;  the  latter 
bringing  into  contrast  the  summer  and  winter  winds.  Horary, 
monthly  and  annual  variation  is  traced ;  and  one  .chart  exhibits 
the  connection  of  the  wind  with  fluctuations  in  the  thermometer, 
amount  of  cloudiness,  and  fall  of  rain  and  snow.  The  whole 
forms  a  valuable  summary  of  facts  in  this  department  of 
meteorology. 
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Art.  XXXII. —  On  some  Nitro-derivatives  of  Diphenylamine  ;  by 
Dr.  Peter  Townsbnd  Austen. 

A  PRELIMINARY  Dotice  of  the  following  investigation  was 
published  in  the  Berichte  der  Deut.  Chem.  Gea,  vol.  vii,  p. 
1248.  I  had  hoped,  long  before  this,  to  have  completed  the 
research  in  a  more  satisfactory  manner,  but  my  time  having 
been  occupied  with  other  subjects,  I  have  but  recently  been 
able  to  return  to  it 

Pisani*  found  that  trinitrochlorbenzol  acted  on  ammonia, 
and  formed  trinitroaniline.  Clemmf  applied  this  reaction  to 
aniline,  and  obtained  a  trinitrodiphenylamine.  In  a  similar 
manner  he  produced  a  dinitrodiphenylamine  by  the  action  of 
dinitrobrombenzol  on  aniline. 

The  reaction  in  all  of  these  cases  is  simple — 

C«H2(NO«)8Clt+2NH3=:C«H«(NO«)3NH«+NH*Cl 

Several  nitro-derivatives  of  diphenylamine  had  already  been 
discovered  by  Hofmann§  before  the  research  of  Clemm  was 
made.  They  had,  however,  not  been  produced  by  the  intro- 
duction of  a  nitrophenyl-complex  into '  aniline,  but  by  the 
direct  uitrition  of  benzoyldiphenylamine,  and  subsequent  elim- 
ination of  the  benzoyl-group. 

The  trinitrochlorbenzol  was  made  by  Clemm's  method ;  100 
grams  of  picric  acid  were  well  mixed  with  200  grams  of  phos- 
phorous pentachloride,  and  placed  in  a  large  retort  connected 
with  an  inclined  condenser.  On  heating  gently,  the  mass 
began  to  fuse,  on  which  the  burner  was  taken  away.  The 
reaction  proceeds  by  itself  and  is  very  violent     After  the  ces- 

^  Ann.  Ghem.  Phann.,  zcii,  326.  f  Jour.  Pr.  Ohem.  [II],  i,  145. 

X  On  the  ease  of  substitution  of  haloid  atoms  in  nitro-oompounds,  see  my  Ein- 
leltong  za  den  aromatischen  Nitroverbindungen,  page  8.  '*  Ghlorbenzol  lasst 
beim  Behandeln  mit  alkoholischem  Ammoniak  unter  keinen  Umstanden  sein 
Chk)ratom  durch  die  Amidogruppe  substituiren.  Ghlormononitrobenzol  aber  be! 
erhdhter  Temperatur ;  Oblordinitrobenzol  bei  100° ;  wahrend  Ohlortrinitrobenzol 
sdion  in  der  Kalte  energisch  auf  Ammoniak  wirkt.  Aus  diesen,  wie  aus  zahl- 
reidien  andem  ahnlichen  Thatsachen,  Ziehen  wir  die  Schlussfolgerung,  dass  die 
Nitrognippe  die  Ajiziehung  der  andem  negatiyen  Atome  lockert.  (Vergleiche 
aoch  Salkowski  (Ber.  Chem.  Oes.,  vi,  141).  EngeUiardt  und  Latschinoff  (Zeit. 
Ckem.,  1870,  226),  Walker  und  Zincke  (Ber.  Chem.  G«8.,  v,  114).)" 

"Umgekehrt  ddrfen  wir  voraussetzen,  dass  dieselbe  die  Anziehung  der  positiven 
Giappen  des  Molektils  verstarken  musse.  Dass  diese  Voraussetzxmg  richtig  ist, 
geht  aus  dem  Verhalten  der  Amidogruppe  hervor.  Behandelt  man  Anilin  mit 
Amylnitrit,  so  ist  die  Einwirkung  sehr  heftig,  bei  Nitroanilin  weniger,  bei  Dinitro- 
anilin  sehr  ruhig,  wahrend  Trinitroanilin  keine  Reaction  giebt"  According  to 
Kdrner  (Jahresbericht,  18*75,  365),  however,  the  weakening  action  of  the  nitro- 
group  on  halogens  is  only  exerted  when  the  relation  is  1*2  or  1*4,  not  extending, 
however,  to  1'3. 
§  Ann.  Chem.  Pharm.,  cxxxii,  160. 

Am.  JoiTB.  8oi.~Thibd  Sbribs,  Vol.  Xm,  Na  76.*Afril,  1877. 
19 
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sation  of  the  action,  most  of  the  phosphorous  oxychjoride  was 
distilled  off.  The  heavy  red  liquid,  remaining  in  the  retort, 
was  poured  into  a  large  excess  of  cold  water  and  violently 
stirred.  After  the  phosphorous  oxychloride  had  been  entirely 
decomposed  by  the  water,  and  the  mass  had  solidified,  the 
impure  substance  was  well  washed  with  water,  powdered,  and 
extracted  with  ether  by  means  of  a  filter  pump.  A  dark-red 
resin  was  by  this  means  removed.  The  bright  yellow  powder, 
left  on  the  filter,  was  dissolved  in  boiling  absolute  alconol  and 
purified  by  animal  charcoal. 

In  this  manner  beautiful  bright  yellow  crystals  of  trinitro- 
chlorbenzol  were  obtained.  By  drying  they  became  darker. 
The  yield  is  from  80-40  per  cent 

I  obtained  better  results,  however,  by  simply  heating  the 
substances  in  a  high  beaker  glass,  for  I  found  that  a  consider- 
able amount  of  the  chlorpicryl  was  destroyed  during  the  distil- 
lation of  the  phosphorous  oxychloride.  I  found,  also,  that 
the  yield  was  far  better,  when  instead  of  100  grams  of  picric 
acid  and  200  grams  of  phosphorous  pentachloride,  50  ^ms  of 
picric  acid  and  100  grams  of  phosphorous  pentachloride  were 
taken.  By  this  method  the  conversion  of  the  picric  acid  into 
chlorpicryl,  the  decomposition  of  the  phosphorous  oxychloride, 
the  extraction  with  ether,  and  the  crystallization  from  alcohol, 
all  together  do  not  take  more  than  an  hour. 

The  trinitrochlorbenzol  fused  at  82*5'^-88^  By  dissolving 
it  in  glacial  acetic  acid,  diluting  the  solution  with  water,  and 
allowing  it  to  stand,  superb  feathers,  frequently  over  two  inches 
in  length,  were  obtained. 

AlphcUrinitrophenylmetanitraniline.^ 

Preparation. — ^25  grams  of  metanitraniline  (112*^)  and  27 

S'ams  of  chlorpicryl  were  dissolved  in  boiling  absolute  alcohol, 
n  boiling  the  solution  for  a  few  minutes,  the  separation  of  a 
heavy  yellow  crystalline  sand  began.  This  sand  was  not  redis- 
solved  Dy  addition  of  more  alcohoL  The  solution  was  allowed 
to  cool,  the  precipitate  separated  by  filtration,  purified  by  crys- 
tallization from  glacial  acetic  acid,  dried  at  100®,  and  analyzed. 
Analysis. — A  combustionf  gave — 

0'2744  grms.  of  substance  burned  with  lead  chromate  gave  0414 

grms.  of  CO'  and  0-682  grms.  of  H«0. 
0-2752  grms.  of  substance  gave  V=48-8  ac.  [B= 764-8  mm. ;  <= 

21-5% 

*  The  trinitrophenyl-ooaiplex  of  piorio  Add  is  in  this  research  disttngoished  hy 
the  prefix  cUpJta.  The  relation  is  most  probably  para,  but  it  reqoiree  experimental 
demonstration.    (Compare  GnehnL  Inaug.  Diss.) 

f  The  large  number  of  nitro-groups  present  in  these  componnds  rendered  tiie 
use  of  an  unusnal  amount  of  copper  spirals  necessaiy. 
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(C«H*(NO«)„ 
The  formula  N  \  C6Ha(]sr08)3a=Ci2H7N^O« 


Calc. 


<H 


Pound. 


C=41-20 
H=:  2-00 
N=20-05 


I. 

41-15 

2-36 


u. 


20-33 


The  mother  liquor  contained  the  nitraniline  chlorhydrate. 
The  nitraniline  was  precipitated  by  sodium  hj^drate  and,  after 
purification,  used  again. 

The  reaction  is  exactly  analogous  to  the  one  representing 
the  formation  of  trinitroaniline  (loc.  cit). 

(  CH^NO") 
C'H'(N0»)»C1+2C'H*(N0')NH'=N  \  Q'W{SOy 

{  H-fC"H*(NO')NH''-HCl 

Solubility. — Almost  entirely  insoluble  in  hot  water,  coloring  it 
yellow,  however:  hardly  soluble  in  boiling  ether,  carbon  disul- 

fhide,  carbon  tetrachloride,  chlorofbnn,  and  absolute  alcohol 
Dsoluble  in  chlorhydric,  nitric  (dil.)  and  sulphurrc  (dil.)  acids. 
Easily  soluble  in  concentrated  sulphuric  acid  to  a  deep  red  wine 
color,  and  is  separated  unchanged  in  the  form  of  yellow  flocks 
on  the  addition  of  water.  In  aniline  it  is  easily  soluble  with  a 
beautiful  red  color.  In  hot  amy  1 -alcohol  it  is  easily  soluble, 
but  crystallizes  badly  therefrom.  In  hot  glacial  acetic  acid  it 
is  easily  soluble,  and  separates  in  the  form  of  a  beautiful 
orange- red  crystalline  sand.  From  a  solution  in  acetylchloride 
it  crystallizes  in  small  wine-yellow  transparent  crystals. 

Aqueous  ammonia  dissolves  it  very  easily,  the  solution 
attaining  a  splendid  scarlet-red  color.  By  evaporation  it 
separates  unchanged.  In  weak  aqueous  solutions  of  alka- 
lies it  behaves  as  with  ammonia.  Concentrated  solutions  of 
sodium  and  potassium  hydrates,  especially  by  heating,  decom- 
pose it  with  evolution  of  ammonia. 

Properties, — The  compound  consists  of  a  heavy,  crystalline, 
yellow  sand,  fusing  at  205°  to  a  red  liquid  which,  when  undis- 
turbed, solidifies  at  about  175°.  By  careful  heating  it  vola- 
tihzes  in  the  form  of  a  yellow  powder.  It  bums  with  a  yellow 
luminous  flame  when  heated  on  a  platinum  foil,  and  leaves  a 
porous  coal.  If  it  be  thrown  on  a  hot  surface  it  explodes  like 
gunpowder.     By  percussion  it  is  not  explosive. 

Alphatrinitrophenylparan  itran  iline. 
Preparation. — This  compound  was  made  in  a  manner  similar  to 
the  preceding  one.    Paranitraniline  (made  by  nitrition  of  acetani- 
lide,  ehmination  of  the  acetyl-group  by.  boiling  with  concen- 

Itrated  chlorhydric  acid,  and  decomposition  of  the  nitraniline 
chlorhydrate  by  sodium  hydrate)  with  the  calculated  amount 
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of  picryl  chloride  was  brought  into  solution  in  boiling  absolute 
alcohol.  On  continuing  the  boiling,  a  red  crystaUine  powder 
separated. 

Analysis. — ^The  substance  was  purified  by  crystallization 
from  glacial  acetic  acid,  dried  at  100^  and  aaalyzed. 

0*2888  grms.  of  substance  burned  with  lead  chromate  gave 

04354  grms.  of  C0«  and  0-5920  grma  of  H«0. 
0-2852   grms.  of  substaoce  gave   v=49'8  c.c.  [B=767mnL; 
<=28^J. 

(C*H*(NO»). 
The  formula  N  •  C«H«(NO«)«a=C««H'»N*0» 

H  •  , 

Cato.  Found. 

L  n. 

C=41-26  4112  

H=  2  00  2-27  

N  =20-06  2007 

Solubility, — ^The  solubility  of  this  compound  is  nearly  the 
same  as  the  preceding  one,  being,  in  general,  somewhat  higher. 
In  aqueous  Ammonia  it  is  easily  soluble  to  a  red  color.  Acids 
precipitate  it  unchanged  from  this  solution.  From  alcoholic 
ammonia  it  crystallizes  in  beautiful  glittering  leaves. 

It  dissolves  in  a  warm  solution  of  sodium  carbonate  to  a 
scarlet-red  color.  On  cooling,  violet  needles  separate.  This, 
without  doubt,  is  the  sodium  salt  of  the  alphapicrylparanitrani- 

(C«HHNO>> 
line,  N-{C«H«(NO«)»a.    The  needles  are  soluble  in  alcohol 

(Na 
and  water,  and  are  decomposed  by  acids. 

It  is  insoluble  in  an  aqueous  solution  of  ammonium  car- 
bonate. Easily  soluble  in  amyl  alcohol,  crystallizing  therefrom 
in  bright,  glittering,  yellow  scales.  In  aniline  it  dissolves 
easily,  and  separates  on  evaporation  in  a  crystalline  form.  It 
is  also  quite  soluble  in  benzoyl  chloride,  acetyl  chloride,  ben- 
zyl chloride  and  chlorbenzol. 

Properties. — In  general  this  compound  seems  to  possess  more 
acid  properties  than  its  isomer.  The  pure  substance  fuses  at 
216°. 

I>initrophenf/lmetanitraniline. 

Preparation. — Calculated  amounts  of  dinitrobrombenzol  (pro- 
duced by  nitrition  of  brombenzol)  and  metanitraniline  were 
rubbed  to  a  pap  with  absolute  alconol,  and  the  ilnixture  heated 
twenty  hours  at  100*^  in  a  closed  tube.  The  reaction  took 
place  m  the  most  satisfactory  manner. 

On  ooolinff,  the  tube  contained  hard  brown  crystals.  They 
were  washed  on  a  filter  with  warm  alcohol  until  the  filtrate 
contained  no  trace  of  nitraniline  chlorhydrate. 
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Analysis, — The  substance  was  purified  by  repeated  crystal- 
lization from  an  excess  of  glacial  acetic  acid,  dried  at  100°,  and 
analyze<l. 
0*2780   grms.    of   substance   burnt  with  lead    chromate  gave 

0-O896  grras.  of  H^O  and  0*4844  grms.  of  CO^ 
0*2822  grms.  of  substance  gave  V=46  c.c.    [B=757-2  mm.; 

^-22-2°]. 

( c«n*rN02)„ 

The  formula  N  \  C«H3(N08)2  =CJ2HSN*0« 
(H 

Oalc.  Found. 

1.  n. 

C=47-38  47-81  

H=  2*63  3*57  

N=18*42  18-66 

Soiuhllify, — The  substance  is  insoluble  in  water,  alcohol  and 
ether.  Difficultly  soluble  in  boiling  glacial  acetic  acid.  It  is 
soluble  in  an  excess  of  boiling  chloroform,  separating  in  small 
yellow  crystals. 

Prorperiies,—  ^m.Vi\\  glittering  yellow  crystals,  fusing  at  189°* 
to  a  red  liquid.  With  alkalies  it  behaves  in  the  same  manner 
as  the  trinitrophenylparanitraniline. 

Dinitrophenylparanitr  aniline. 

Preparation, — The  calculated  amounts  of  dinitrobrombenzol 
and  paranitraniline  were  treated  as  in  the  production  of  the 
preening  compound.  On  cooling  the  tube  contamed  a  mass 
of  dark-red  crystals.     They  were  washed  with  dilute  alcohol. 

Analysis, — As   the   substance  did   not  crystallize  from  any 

Jvent,  it  was  purified  by  solution  in  glacial  acetic  acid  and 
precipitation  by  water.  In  this  manner,  bright  yellow  flocks 
were  obtained.  After  three  repetitions  of  the  solution,  precipi- 
tation, and  washing,  the  substance  was  dried  at  100°  and 
analyzed. 
0*3080  grms.    of   substance   burnt   with  lead   chromate   gave 

0-5386  grms.  of  C0»  and  0*0912  grms.  of  H^O. 
0-2B48  graas.  of  subst^ance  gave  V=37*6^  [B  =755-3  mm.;  ^=19°]. 
(  C6H*(N02\ 

The  formula  N  J  0«H3(N02)»^=C'2H«N*0« 

^k  ( ^ 

^M  Calc.  Found. 

■  0=47-36  47*68 

B  H=  2*63  3*29  

^               N=18*42                             18-29 

*  Wilgerodt  announced  (in  Ber.  Chem.  Ges.,  ix,  1178)  a  dinitrophenylmetani- 
traniline  which  he  had  produced  by  the  action  of  a  CH^^XNO^J^'Cl  on  metani- 

traniline.     This  is  perhaps  identical  with  my  compound,  although  he  finds  a 
iusing  point  of  194-6". 
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Solubility, — ^The  substance  is  easily  soluble  in  cold  glacial  aoetic 
acid.  It  here  shows  a  striking  difference  from  the  dinitro- 
phenylmetanitraniline  which  is  aiJficuUly  soluble  in  boiling  glacial 
acetic  acid  It  is  difficultly  soluble  in  cold  absolute  alcohol, 
easily  in  hot 

Properties. — The  compound  forms  a  light-yellow  and  extra- 
ordinarily light,  elastic  and  electric  powder.  It  fuses  at  181^ 
Owing  to  the  small  amount  of  the  substance  at  my  disposal,  I 
have  not  been  able  to  investigate  its  properties  more  thoroughly. 

Since  the  picrylnitranilines  contain  the  mononitrophenyl- 
group,  it  appeared  extremely  probable  to  me  that  a  further 
nitrition  could  be  effected.  In  this  case,  since  the  trinitro- 
phenyl-group  seems  to  be  the  limit  of  direct  nitritic»n  of  the 
phenyl-group,  I  could  predict*  that  by  the  nitrition  of  the 
picrylnitranilines,  higher  nitro-members  would  be  formed,  and 
that  the  nitro  groups  would  enter  into  the  mononitrophenyl- 
group.  If,  then,  by  the  nitrition  of  the  picrylnitranilines, 
higher  isomeric  nitro-com pounds  wevp  obtained,,  the  isomerism 
must  reside  in  the  nitrized  mononitrophenyl-group,  since  the 
trinitrophenyl-group  remains  unchanged  during  the  nitrition.f 

It  is,  however,  very  possible  that  in  one  of  the  resulting  com- 
pounds the  two  picryl-groups  may  be  identical. 

Since  the  positions  of  the  nitro-groups  in  these  dipicrylamines 
has  not  been  ascertained,  I  shall  represent  the  trinitrophenyl- 
group  of  picric  acid  by  tr,  and  the  dinitromononitrophenyl- 

g roups  of  meta  and  paranitraniline  by  y5  and  y  respectively. 
>n\y  two  of  these  picryl-groups  can  be  identical. 

*  Supposmg  that  the  imido-group  would  withstand  the  action  of  the  nitrous 
add. 

f  That  is,  we  suppose  it  does.  The  supposition  will  doubtless  remain  aynonj- 
mous  with  ihe  &ot  for  some  time  to  come.  Picric  add  remains  unchanged  by  the 
action  of  nitrizing  agents.  Hence  we  suppose  that  this  trinitrophenjl-group 
when  combined  in  the  picrylnitraniline  also  remains  unaltered  during  nitrition. 
I  have  no  proof,  however,  that  the  introduction  of  two  nitro-groups  into  the  mono- 
nitroph'enjl-group  does  not  exert  a  displadng  action  on  tiie  members  of  the 
picryl-group. 

In  nitrizing  the  paradibrombenzol,  I  find  that  the  relative  amounts  of  isomers 
formed  are  not  constant.  This  seems  to  depend  on  the  strength  and  the  amounts 
of  the  adds  used  as  well  as  on  tiie  duration  and  temperature  of  the  heating.  I 
am,  at  present,  endeavoring  to  determine  this  more  ezactij,  in  the  hope  of  being 
able  to  produce  more  of  a  given  isomer  at  wilL 

An  interesting  field  is  opening  in  regard  to  whether  several  isomers  are 
formed  at  once,  or  whether  one  is  formed  first  and  the  others  from  it  by  atomic 
migration.  If  the  latter  is  the  case,  then  the  production  of  relative  amounts  of 
isomers  is  partij  under  control.  In  this  connection  it  is  interesting  to  remaric 
that  Doer  (Ber.  Chem.  Ges.,  v,  795.  Gompare  Hlasiwets,  Wien.  Acad.  Ber., 
zziv,  237)  bj  nitrition  of  diphenjlmethane  obtained  a  dinitro-oompound,  while  by 
continued  digestion  of  the  nitrition  mixture  he  got  an  isodinitro-compound.  1*4 
nitrophenol  is  formed  in  the  cold,  the  1*2  compound,  however,  by  heating  (Jahree- 
bericiit,  1875,  364). 
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Alphapicrylbetapicrylamine, 

Preparation, — The  alphapicryl-metanitraniline  was  added  in 
small  portions  to  a  cooled  mixture  of  equal  volumes  of  fuming 
nitric  and  concentrated  sulphuric  acids.  The  liquid  became 
hot,  and  a  violent  reaction  set  in.  After  the  reaction  had  sub- 
sided, the  liquid  was  poured  into  cold  water.  A  bright  sul- 
phur-yellow cream  was  in  this  manner  obtained.  If,  however, 
the  acid  solution  is  boiled  for  half  an  hour,  the  substance  is 
completely  destroyed,  and,  on  pouring  the  liquid  into  water, 
only  a  resin  is  obtained. 

After  washing  out  the  acid  with  water,  the  cream  was  well 
extracted  with  alcohol,  by  which  rae^ins  a  resin,  giving  a  deep 
orange-red  solution,  was  removed.  The  substance  was  then 
dissolved  in  boiling  glacial  acetic  acid,  and  precipitated  by 
concentrated  chlorhydric  acid,  well  washed  with  dilute  chlor- 
hydric  acid,  dissolved  again  in  boiling  glacial  acetic  acid, 
boiled  some  time  with  animal  charcoal,  filtered,  and  allowed  to* 
crystallize. 

Analysis. — A  portion  of  the  substance  was  purified  by  crys- 
tallization from  glacial  acetic  acid,  dried  at  100°,  and  submitted 
to  analysis. 
0-2876   grms.   of  substance  gave  0*3490  grms.  of  CO^   and 

0-0404  grms.  of  H^O. 
0-2924  grins,  of  substance  gave  0-3538  grms.  of  C0»  and  0'0404 

grma  of  H^'O. 

(C6H=*(N02)3/3 
The  formula  N  J  C«H2(N02)3„==Ci2H6N70i« 

Cala  .fit  1  •  Found.  ^  ' 

I.  n. 

C=32-8  33-09  32-99 

H=ia3  1-60  1-63 

Soluhility. — It  is  almost  insoluble  in  hot  water,  coloring  it, 
however,  slightly  yellow.  Chlorhydric,  nitric  and  sulphuric 
acids  do  not  increase  its  solubility  in  water.  In  hot  amyl  and 
ethyl  alcohols  it  is  almost  insoluble,  hardly  soluble  in  ether, 
carbon  tetrachloride,  carbon  disulphide,  and  chloroform.  In 
cold  glacial  acetic  acid,  difficultly  soluble,  in  the  hot  acid,  it 
dissolves  easily.     In  aniline,  it  is  easily  soluble. 

In  aqueous  ammonia,  sodium  and  potassium  hydrates,  it  dis- 
solves easily  with  a  superb  scarlet  color. 

Propfsrties. — Impalpable  bright  sulphur-yellow  powder.  By 
careful  crystallization  from  glacial  acetic  acid,  it  can  be 
obtained  in  small  transparent  glittering  crystals.  It  fuses  at 
261°  to  a  red  liquid,  which  at  175°-170°  solidifies  to  a  red 
glass.  Bj^  touching  it  with  a  hard  object  when  in  a  liquid 
state,  it  solidifies  to  a  yellow  amorphous  mass. 
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Yapors  of  ammonia  turn  it  scarlet  By  boiling  with  mode- 
rately concentrated  solutions  of  sodium  ancl  potassium  hydrates, 
it  decomposes  with  evolution  of  ammonia.  In  an  aqueous 
solution  of  sodium  carbonate  it  dissolves  easily,  forming  the 
sodium  salt 

By  addition  of  water  to  the  boiling  glacial  acetic  acid  solu- 
tion, a  thick  precipitate  is  formed,  which,  after  crystallization 
from  g;lacial  acetic  acid,  showed  a  fusing  point  of  205^,  and  on 
analysis  proved  to  be  the  original  picrylmetanitraniline  from 
which  this  dipicrvlamine  had  been  prepared.  By  the  addition^ 
tkerij  of  water,  to  the  boiling  solution  in  glacial  acetic  acid,  the  alpha- 
betadipicrylamine  loses  two  nitro-groups  and  is  converted  back  into 
thejpicrylmeianitraniline. 

The  dipicrylamine  does  not  explode  by  percussion.  If 
heated,  it  puft's  with  a  white  luminous  flame,  and  leaves  a  light 
porous  coal.  It  explodes  with  violence  when  thrown  on  a 
hot  platinum  foil 

Alphapierylgammapicrylarn  ine. 

Preparation.—  This  compound  was  prepared  by  nitrition  of  the 
picrylparanitraniline  in  the  same  manner  as  in  the  case  of  the  pre- 
ceding compound.  Od  pouring  the  resulting  mixture  into  cold 
water,  the  substance  separated  as  a  light  greenish-yellow  cream. 
After  extraction  with  alcohol  it  was  crystallized  from  glacial 
acetic  acid,  dried  at  100°,  and  analyzed. 

Analysis. — 
0*2886  grms.  of  substance  burnt  with  lead  chromate  gave  0-8480 

grms.  of  CO*  and  00486  grms.  of  H«0. 
0-2792  grms.  of  substance  gave  V=54-8cc.[B=756«"'»;  <=22^. 


(  C«H«(NO»)»y 
The  formula  N  \  C«H«(NO«)»a= 


Ct2H«N70»» 


Oalo.  Found. 

L  n. 

C=82-80  32-08 

H=  1-13  1-70  

N=22-32  21-91 

Solubility. — The  solubility  is  about  the  same  as  that  of  the 
preceding  compound. 

Properties. — Small  transparent  glittering  light-yellow  prisms 
with  a  green  reflex.  It  fuses  at  280°  with  effervescence  and 
decompositioD.  It  puffs  on  beiug  heated,  and  explodes  with 
violence  when  thrown  on  a  hot  surface.  With  alkalies,  it 
behaves  like  the  alphabetacompound. 

I  have  already  mentioned  that  these  compounds,  particularly 
the    dipicrylamines,  give    flne   scarlet    colors  with  alkalies 
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According  to  Hofroann,  the  mono-  and  dinitrophenylamines 
give  similar  ones.     This  fact  was  substantiated  by  Clemm. 

I  find  that  these  colors  are  caused  by  the  formation  of  salts 
of  the  nitrodiphenylamines.  The  hydrogen  atom  of  the  imido- 
group  has  become  so  native  by  the  introduction  of  the  nitro- 
groups,  that  it  can  easily  be  substituted  by  basic  atom&  It 
reacts  easily,  indeed,  with  carbonates  of  the  alkalies. 

or  the  numerous  salts  of  these  compounds  which  I  have 
prepared,  I  have  as  yet  had  time  only  to  investigate  one — the 
Danum  salt  of  the  alphabetadipicrylamine. 

JBarium^phapicn/lbetapicfyldiamine, 

Preparation. — The  or  yff-picry lam ine  was  added  to  an  aqueous 
pap  of  barium  hydrate  (or  carbonate).  The  dipicrylamine  dis- 
solved immediately  with  a  deep  intense  red  color.  The  solution 
was  boiled  for  a  few  minutes  and  then  evaporated  on  a  water- 
bath.  After  a  sufficient  concentration  haa  been  obtained,  the 
solution  was  allowed  to  stand.  A  beautiful  crystallization  of 
dark-red  needles  was  obtained.  They  were  purified  by 
repeated  crystallization  from  water. 

Analy8t8.-^A  portion  of  the  needles  were  dried  at  100*^  and 
mixed  with  sodium  carbonate  and  nitrate.  Some  sodium  car- 
bonate was  then  fused  in  a  platinum  crucible,  and  the  mixture 
added  to  it  in  small  portions.  The  resulting  solution  was  kept 
in  fusion  about  five  minutes,  and  then  allowed  to  cool.  After 
it  had  become  quite  cold  it  was  dissolved  in  very  dilute  chlor- 
hjdric  acid,  filtered,  the  solution  brought  to  boiling,  and  pre- 
cipitated with  sulphuric  acid. 
0-4012  grms.  of  substance  gave  0-0908  grm&  of  BaSO^ 

The  formula  Ba  j  J}  ]  gJJJ^j^g^^^^^^ 

]C«H«(NO«)«a 
Calo.  Found. 

Ba=13-62  13-30 

The  reaction  by  which  this  barium  salt  is  formed  is  very 
simple : 

2(NH[C«H'(N07P)+Ba(0H)«=Ba[N(C*H«(N0*)*)7+H«0 

Solvhiliiy. — Quite  easily  soluble  in  boiling  water,  less  so  in 
alcohol. 

Properties. — Small,  dark  saffron-red  glittering  needles.  It 
seems  to  have  enough  basic  properties  to  form  salts  with 
weak  acids.  This  interesting  fact  I  hope  shortly  to  prove.  If 
it  be  brought  into  a  flame,  it  explodes  in  a  remarkable  manner, 
flying  through  the  air  with  brilliant  coruscations,  and  givine 
beautiful  barium-flame.  Thrown  on  a  hot  surface  it  exploa 
with  great  violence. 
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With  the  hjdrates  and  carbonates  of  the  metals,  the  dipicryl- 
amine  yields  m  the  same  manner  fine  salts. 

The  most  beautiful  salt  which  I  have  yet  obtained  is  the 
ammoniam-alphagammapicrylamina  It  crystallizes  in  superb 
intense  red  transparent  rhombohedrons  (?).  Whether  it  is 
identical  or  only  isomeric  with  the  dvestuff  **  Aurantia,"  which 
is  now  produc*^  on  a  large  scale,  I  have  not  had  an  opporta- 
ni^  of  ascertaining. 

By  treatment  of  the  sodium  salts  of  the  dipicrylamines  with 
picrylchloride,  a  reaction  takes  place  doubtless  with  the  forma- 
tion of  the  tertiary  picrylamine,  N(C«H»(NO«)')». 

Immediately  after  the  publication  of  my  preliminary  notice, 
Gnehm*  announced  some  new  nitrodiphenvlamines  which  he 
had  obtained  by  nitrition  of  methyldipnenyfamine,  the  methyl- 
group  having  been  eliminated  during  the  operation.f 

The  following  table  will  show  the  various  nitrodiphenyl- 
amines  known,  their  method  of  preparation,  and  properties. 


No. 


"1 


ItatloDal  Formula. 

0«H» 

C«H^NO«) 

CO.0«H» 


H 


in. 


IV. 


(0^» 

n]c«hxno«) 

( 0«H^NO«) 

n4o«h^no*) 

(CO.0«H» 

( 0^*(N0«) 
N^C*H*(N0«) 
(H 

(0«H» 
N^O«H»(NO«)«« 
H 


Empirical  For> 
mola. 


Oi»H"N«0« 


C^H^'^IW 


Oi»HWNK)» 


Bemarki. 
Hofmaim,  HNO*  on 

^]CO.C^» 
Light-yellow  ciystalB. 

Do.,  NaOH  on  No.  L 

Do.,  fuming  HNO*  on 


tOO.C«H» 
Deep  ydlow  crystalline  sabetanoe. 
Do.,  NaOH  on  No.  UI.    Red. 
G*'H*NH)*       yeUow  needlee  with  metaliic  Uoe 
reflex. 

aemm,  0«H\NO«)«Br  on  0«H» 
NH*.  Long  thin  ecarlet-red  or 
red-yellow  glittering  needles. 
0»H»N»O*  Puaes  at  153%  Wilgerodt, 
a.O«H^O«)*Cl  on  alcoholic  F»S- 
solution  of  aniline.   Fuses  at  156^ 

♦  Ber.  Ohem.  Ges.,  vii,  1399. 

f  The  elimination  of  a  group  during  nitrition  is  quite  frequent  Tribrommethyl- 
diphenylamine  gives  dibromtetranitrodiphenylamine  [Qnehm]  (Ber.  Chem.  Ges., 
▼iii,  930):  tetrahydroisoxyloldicarboxyl  (camphoric  acid)  yields  trinitroisoxyk^ 
under  elimination  of  hydroxyl  and  oarbozyl  [Wreden]  (ibid.,  v,  1106):  many  sul- 
phonic  acids  part  with  the  sulpho-group  during  nitntion.  Gresolsulphonic  add 
gives  trinitrocresol  [Dudos)  (Ann.  cSiem.  Pharm.,  ciz,  136)  and  dinitrocreeol  [Arm- 
strong and  Field]  (Ohem.  News,  xxvii,  318);  dichlorphenolsulphonic  add  yields  a 
nitrochlorphenol  [Armstrong]  (Chem.  Soc.  Jour.  [2],  ix,  1112):  monochlorphe- 
nolsulphonic  add,  from  solid  chlorphenol,  gives  dinitrochlorphenol  [Petersen  and 
Baehr-Predari]  (Ann.  GheuL  Pharm.,  dvii,  121):  the  monochlorphenolsulphonio 
add  from  liqmd  chlorphenol  behaves  in  a  similar  manner  [Armstrong  and  Provost] 
(Ber.  Ohem.  (^^.,  vii,  404):  sulphopodocarpinic  add  yields  dinitropodocarpinic 
add  [Oudemans]  (ibid.,  vii,  1317).  By  nitrition  of  bensoylnaphthylamine,  Hubner 
and  Kbell  (Ann.  (jhem.  Pharm.,  dxx,  212)  think  they  obtained  a  small  amount  of 
nitronapthylamine.  In  the  nitrition  resiaues  of  diphenyl,  Fittig  (ibid.,  oxxiv,  275) 
detected  small  amounts  of  nitrobenzoL 
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(h 

N-{C«H«(NO«)«, 


XEL 

xra. 
xnr. 

XT. 
XVL 

xvn. 
xvm. 

TTT 


( CW(N0y/3 
( C«H«(NO«)»y 

(h 

0«H«(N0«)»/3 

(cra«(N0«)3? 
N4c«mN0V? 

(H 

(C«H*(NOy? 
N-|C«B[*(N0«)»? 

(nh* 

(C*H*BrfNO«)»? 
N4c«H«Br(N0V? 


( C«H«(NO*)»Br? 

(crawo»)«Brr 
( c«mNO«)»? 

N-{C«H*.C»H*.NH«7 

(C«HWO«)«? 
N^ 


Do.,  C«H»(NO«)»01  on  0«H*NH«. 
Sparkling  prisms.  By  reflection 
scarlet-red;  by  refraction  reddish* 
yellow.    Fuses  tt  176°. 

Austen,   C«H8(N0«)«Br  on  m- 
0'*HWO*       nitraniline.    Small  glittering  yel- 
low crystals.    Fuses  at  18»  . 

Do.,  C«H«(NO«)«Br  on^j-nitran- 
ilina  Tiignt  electrical  yellow 
powder.  Kasily  soluble  in  cold 
glacial  acetic  acid.    Fuses  at  181**. 

Do.,  0*H*(N0«)K!1  on  fn-nitran- 
iline.  Heavy  cryst  yellow  sand, 
or  wine-yellow  transparent  crys- 
tals.    Fuses  at  206^ 

Do.,  0«H«(NO«y»Cl  oni>-nitran- 
iline.  Red  crystalline  powder,  or 
glittering  scales.    Fusesat216^ 

Do.,  nitrition  of  IX.  Fuses  at 
261°.  Impalpable  bright  yellow 
powder  or  small  transparent  glit- 
tering yellow  crystals. 

Do.,  nitrition  of  X.  Small 
transparent  glittering  bright  yel- 
low prisms  with  green  reflex. 
Fuses  at  230^ 
_-,____-^_^  Do.,  Ba(OH)*  on  XI.  Dark 
cP'H«N»*0*Bagaffron-red  glittering  needles. 
Explodes  on  heating. 


C"H8NH)« 


C»«H«N*0« 


0"mNrK)» 


C»«H^NH)8 


C»H»N'0»« 


0'»H»irO» 


Qnehm,  nitrition  of  diphenyla- 
mine.  Transparent  light-yellow 
prisms.    Fuses  at  238"". 

C^H^N^"  Do.,  NH?  on  XIV.    Beautiful 

red  leaves. 

Do.,  nitrition  of  HNJgJgsBjr. 
Yellow  pearly  leaves  or  rhombic 
tablets.  Fuses  at  235*-240°-242". 

Austen,  0«H*.NH*on 


0"H»irO" 


0"H»N»Br«0« 


C»»H«N«BrO* 


0»H*N*BrO« 


C"H"N*<>» 


■{g.?v 


0«H^C«H^NH  C«H3|C«H'«N«0« 


XXL 


( C«H»(NO»)Chn 


C"H»N»C10« 


Beautiful  red-orange,  flne  hairy 
needles.  Fuses  at  l20^  (This 
Journal,  xii,  118.)  ^^^ 

Do.,  nitrition  of  XVII.  Small 
brown  scales.    Fuses  at  167-5*'. 

Wilgerodt,  a-0«H»(NO«)«a  on 
benzidine.  Short  bluish  brown- 
red  needles.  Fuses  at  265"*. 
(Ber.  Chem.  Ges.,  ix,  977.) 

Do.,  formed  with  XIX.  Yel- 
low  pulverulent  SoL  in  cone. 
H«80*  with  a  violet  color.  Fuses 
at  330^ 

Laubenheimer.  Action  of 
C*H^N0*)C1».  NO*  on  aniline. 
Long  glittering  alizarine-red  nee- 
dles.   Fuses  at  108-5\ 


University  Laboratory  of  Berlin.  August  30,  1876. 
(School  of  Mines,  New  York,  January  3,  1877.) 
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Art.  XXXIIL — Note  on  Mineral  Analysis;  Notes  upon  some 
Fluorides;  and  Note  on  Molecular  Volumes;  by  F.  W.  Clarke, 
S.B.,  Professor  of  Physics  and  Chemistry. — Laboratory  Notes 
from  the  University  of  Cincinnati.     Nos.  I  to  III. 

L  Note  on  Mineral  Aiialysis. 

In  1868,*  the  writer  called  attentioa  to  the  fact  that  certain 
very  refractory  miuerals  are  easily  rendered  soluble  by  fusion 
with  a  mixture  of  sodium  fluoride  and  acid  potassium  sulphate. 
He  now  finds  that  in  many  cases,  and  with  but  little  loss  of 
power,  common  salt  may  replace  the  fluoride,  the  mode  of 
manipulation  remaining  the  sama  The  finely  pulverized  min- 
eral is  to  be  mixed  with  three  parts  of  the  chloride  in  a 
capacious  platinum  crucible,  and  the  mixture  covered  with 
twelve  or  fifteen  parts  of  the  acid  sulphate  in  small  fragments. 
The  fusion  is  then  performed  over  an  ordinary  Bunsen's  flame, 
and  in  five  or  six  minutes  is  complete.  The  fused  mass,  after 
cooling,  detaches  readily  from  the  crucible,  and  shows  upon 
its  smooth  under  surface  no  traces  of  undecomposed  assay. 

This  method  is  not  hj  any  means  equal  to  the  original 
process  with  sodium  fluoride,  either  in  speed  or  in  generality 
of  application ;  still,  in  some  cases,  it  is  convenient  Sodium 
fluoride  is  expensive,  and  not  always  immediately  to  be 
obtained ;  hence  the  desirability  of  a  substitute.  Perhaps  my 
new  observation  might  better  be  stated  thus:  that  whenever  a 
mineral  is  resolvable  by  fusion  with  the  acid  sulphate  alone, 
the  action  is  very  much  facilitated  by  the  addition  of  common 
salt 

The  new  fusing  mixture  will  probably  prove  to  be  most 
serviceable  in  the  analysis  of  refractory  iron  ores  and  of 
chromite.  The  latter  mineral,  after  fusion  with  chloride  and 
bisulphate,  furnishes  a  green  mass  completely  soluble  in  dilute 
hydrochloric  acid.  Or  this  mass  may  be  treated  directly  with 
strong  nitric  acid  and  potassium  chlorate,  after  the  method  of 
Storer  and  Pearson,  and  all  the  chromium  oxidized  at  once  to 
chromic  acid.  Precipitation  of  the  chromium  as  mercurous 
chromate  is  then  possible,  but  not  wholly  convenient  Several 
unsuccessful  efforts  were  made  to  carry  out  the  oxidation  of 
the  chromium  in  the  course  of  the  fusion  itsell  With  the 
sodium  fluoride  or  chloride,  sodium  nitrate  or  potassium  chlo- 
rate was  mixed.  Then  upon  fusing  with  the  acid  sulphate, 
{)artial  oxidation  ensued,  but  in  no  case  did  more  than  a  small 
raction  of  the  chromium  seem  thus  to  be  afifected. 
*  This  Journal,  Mait^  1868. 
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IL  Notes  upon  some  Fluorides. 

Nickel  Jluoride. — This  salt  was  prepared  by  dissolving  nickel 
hydrate  in  aqueous  hydrofluoric  acia.  Upon  concentrating  the 
dark  green  fluid  a  granular  mass  of  crystals  separated  out ;  w  nich, 
accoraing  to  water  determinations  made  by  Mr.  John  Hagemann, 
had  the  composition  NiF,.8H,0.  The  last  portions  of  water 
were  retainea  up  to  the  temperature  of  180°.  Percentage  of  water 
found,  85-98;  calculated,  85-81.  Specific  gravity,  2  014  at  19°. 
The  anhydrous  fluoride,  NiF„  had  the  density  2-855  at  14^ 
These  specific  gravity  determinations  were  made  in  an  ordinary 
specific-gravity  bottle,  chloroform  being  the  liquid  employed. 

On  two  accounts  these  observations  are  interesting.  First, 
because  the  hydrated  salt  is  evidently  new,  the  crystallized 
nickel  fluoride  described  by  Berzelius  having  contained  but 
two  molecules  of  water.  Secondly,  the  molecular  volume  of 
the  water  in  this  new  hydrate  is  18*65;  corresponding  very 
closely  with  the  average  value  of  18*76,  deduced  by  the  writer 
from  the  study  of  over  thirty  different  salts,  and  stated  in  his 
paper  of  two  years  ago.* 

Attempts  to  prepare  a  double  fluoride  of  nickel  and  silver 
met  with  but  indifferent  success.  In  several  experiments  the 
mixed  solutions  of  the  two  fluorides  yielded  upon  concentrating 
only  the  nickel  salt  alone;  the  silver  compound  apparently 
decomposing.  In  one  instance,  however,  pale  apple-green 
needles  were  deposited,  mixed  with  some  microscopic  rhombo- 
hedrons.  Upon  recrystallizing,  about  two-tenths  of  a  gram  of 
these  crystals  were  obtained,  both  forms  being  represented,  and, 
to  the  naked  eye,  both  consisting  of  one  and  the  same  substance. 
A  qualitative  examination  showed  them  to  be  a  true  double 
fluoride  of  nickel  and  silver,  highly  hydrated;  but  not  suflScient 
in  quantity  for  a  thorough  analysis.  The  silver  in  them 
amounted  to  a  trifle  less  than  twenty  per  cent,  a  proportion 
which  agrees  with  no  probable  formula. 

Zinc  fluoride, — The  onlv  new  fact  forme  to  record  concerning 
this  salt  is  its  deusitv-  'f  wo  distinct  samples  of  the  crystalliz^ 
compound,  ZnF,.4H,0,  obtained  from  a  solution  of  zinc  in 
hydrofluoric  acid,  gave  respectively  2*567  at  10*^,  and  2*585  at 
12^  The  anhydrous  fluoride  gave  in  one  experiment  a  spe- 
cific gravity  of  4*556  at  17^  and  in  another  4*612  at  12^ 
These  figures  are  noticeable  from  the  fact  that  they  do  not 
agree  witn  the  usual  molecular  volume  of  water  of  crystalliza- 
tion. They  yield  a  volume  of  water  ranging  from  11*4  to  11*8 ; 
an  amount  considerably  below  the  usual  value.  I  will  not  now 
hazard  any  conjectures  as  to  the  meaning  of  this  apparent 
exception. 

*  lUs  Joanial,  Deoembw,  1874 
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The  writer  has  also  determined  the  specific  gravities  of 
several  alkaline  fluorides,  ns  follows:  Lithium  fluoride.  2*295, 
21-6^;  sodium  fluoride,  2-558,  U'S*";  potassium  fluoride,  2-096, 
21-5^.  According  to  Bddeker,  potassium  fluoride  has  a  density 
of  2-4M  at  12^.  Theoretical  considerations,  to  be  cited  in  the 
third  part  of  this  paper,  sustain  the  lower  value  as  obtained  by 
me.  An  examination  of  rubidium  fluoride,  made  upon  a  very 
small  quantity  of  material,  may  uot  prove  to  be  .wholly  trust- 
worthy. It  gave  a  specific  gravitv  or  8-102  at  17^  Bubidium 
carbonate  was  dissolved  in  hydrofluoric  acid,  the  solution  evap- 
orated to  dryness  in  a  platinum  dish,  and  the  residue  fused  at 
a  heat  just  below  redness.  The  molten  fluoride  was  so  trans- 
parent as  to  be  almost  invisible  in  the  vessel  containing  it ;  but, 
upon  cooling,  it  became  white  and  opaque,  and  contracted  so 
strongly  as  to  split  up  into  several  fragmenta  This  salt  is  ex- 
tremely deliquescent 

Attempts  to  prepare  fluorides  of  gold  and  platinum  were  wholly 
unsuccessful.  Still,  results  were  obtained  which  may  be  worth 
recording.  *  To  a  solution  of  gold  chloride,  silver  fluoride  was 
added,  in  order  that  by  double  decomposition  silver  chloride 
might  be  thrown  down  and  gold  fluoride  formed.  In  fact> 
however,  there  fell  a  pale-brown  precipitate  which  grew  rapidly 
darker  in  color,  and  which  consisted  of  silver  chloride  mixed 
with  gold  oxide.    The  reaction  may  be  expressed  as  follows : 

2AuCl,-l-6AgF+8H,0=Au,03+6AgCl+6HF. 
With  platinum  tetrachloride  and  silver  fluoride  a  pale-yellow 
precipitate  was  formed,  containing  platinum  dioxide,  thus : 

PtCl,+4AgF+2H,0=PtO,-h4AgCl+4HF. 
The  same  precipitates  are  formed  when  silver  nitrate  is  used 
instead  of  fluoriae,  nitric  acid  being  set  free  in  place  of  hydro- 
fluoric. This  has  long  been  known,  the  reactions  being  new 
only  in  so  far  as  they  involve  the  effect  of  silver  fluoride.  This 
statement  is  made  so  that  perhaps  some  other  investigators  may 
be  saved  from  tedious  and  fruitless  experimenting. 

in.  Note  on  Molecular  Volumes. 

Several  years  ago,  in  a  series  of  papers  upon  atomic  or  molec- 
ular volumes,  I  pointed  out  some  curious  multiple  relations 
connecting  both  elements  and  compounds.*  For  example,  I 
found  that  a  simple  relation  of  this  kind  connected  the  alkaline 
metals  with  each  other;  and,  later,  that  the  haloid  salts  of 
some  of  these  metals  had  molecular  volumes  multiples  of  that 
of  hydrogen.  For  this  latter  relation,  .however,  my  materials 
were  meager.  I  had  then  the  specific  gravity  determinations 
»  ThiB  Journal,  March  and  Maj,  1869 ;  September,  1870. 
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for  LiCl,  NaCl,  KCI,  NaBr,  KBr,  Nal,  and  KI,  or  seven  com- 
pounds in  all.  To  these  I  added,  though  unsatisfactorily,  the 
corresponding  salts  of  silver,  making  a  list  of  ten  bodies  closely 
relateo,  and  giving  volumes  multiples  of  6*5.  the  value  assigned 
by  Kopp  to  hydrogen  in  its  liquia  compounds,  at  their  boiling 

Joints.     This  relation  I  am  now  able  to  extend,  partly  by  new 
^nsity  observations  of  my  own,  to  include  at  least  twelve 
compounds  not  in  my  earlier  list. 

My  own  determinations,  in  addition  to  those  I  have  already 
given  for  the  alkaline  fluorides,  are  as  follows:  Rubidium 
chloride,  2-209, 19^;  rubidium  bromide,  2*780,  IT-S*";  rubidium 
iodide,  8-028,  22*^;  lithium  bromide,  3-102,  17**;  lithium  iodide, 
8-485,  28^ 

Now  let  us  tabulate  the  material  The  first  column  contains 
the  symbol  of  the  substance,  the  second  its  density  with  author- 
ity given,  the  third  its  molecular  volume  as  found,  the  fourth 
its  volume  calculated,  the  fifth  a  theoretical  density  deduced 
fiT>m  this  volume.  The  calculated  volumes  are  of  course  the 
exact  multiples  of  Kopp  s  hydrogen  value,  and  will  be  seen  at 
once  to  agree  closely  with  the  results  of  experiment  The  real 
variation  between  fact  and  theory,  however,  will  be  best  seen 
upon  comparing  the  two  columns  of  densities.  The  differences 
here  are  always  less  than  0*1. 


L 

n. 

nL 

IV. 

V. 

liF. 

2-396,  Clarke. 

11-33 

1100 

2-363 

Li  CI. 

1-998,  Kremerg. 

21-27 

22-00 

1-932 

Li  Br. 

3102,  Clarke. 

2805 

27-50 

3164 

LiL 

3-485,       « 

38-45 

38-50 

3-481 

NaF. 

2-668,       " 

16-41 

16-50 

2-546 

Naa 

2*146,  Buignet 

27-27 

27-60 

2127 

NaBr. 

3-079,  Kremers. 

33-46 

33-00 

3121 

NaL 

3-460,  FilhoL 

43-48 

44-00 

3-409 

KF. 

2096,  Clarke. 

28-20 

27-60 

2-113 

KOL 

1-946,  Kopp. 

38-36 

38-60 

1-937 

KBr. 

2-672,  Playfair,  Joule. 

44-67 

4400 

2-707 

KL 

3066,  RlhoL 

64-35 

56-00 

3020 

RbF. 

3-202,  Clarke. 

32-64 

33-00 

3167 

BbCL 

2-209,      " 

64-78 

65-00 

2-200 

BbBr. 

2-780,      " 

59-63 

60-60 

2-736 

RbL 

3023,       " 

70-29 

71-50 

2-972 

Here  now  we  have  sixteen  compounds  of  a  single  type, 
every  one  of  which  agrees  with  the  rule.  In  each  case  the 
molecular  volume  comes  out  a  multiple  of  5*5,  or  very  nearly. 
Only  one  substance  in  the  list  seems  to  be  in  any  way  abnormal, 
namely,  rubidium  fluoride,  with  its  volume  of  38.  The  other 
flaoridfes  in  this  group  have  volumes  less  by  11  than  those  of 
the  corresponding  chlorides,  but  in  this  case  the  diflference  is 
22.     A  curious  progressive  relation  is  also  worth  noting.    If 
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we  compare  the  five  chlorides  given  in  the  table  we  shall  see 
that  upon  arranging  them  in  the  order  of  their  molecular 
weights  the  differences  between  successive  members  of  the  series 
increase  as  we  ascend.  Thus  LiCl  and  NaCl  differ  by  5-5, 
NaCl  and  KCl  by  11,  KCl  and  BbCl  by  165.  This  regular 
difference-increase  is  certainly  suggestive  of  some  law  yet  to  be 
clearly  made  out 

A  similar  relation  to  Kopp's  hydrogen  volume  is  also  af- 
forded by  the  two  other  compJounds.  &)dium  hydride,  Na,H, 
discovered  by  Troost  and  Hautefeuille,*  with  a  density  of  0*959, 
has  a  molecular  volume  of  49*1,  or  very  nearly  5"5x9.  Still 
more  interesting  is  iodine  monochloride,  so  carefully  studied  by 
Hannay.f  At  0*^  the  solid  substance  has  a  specific  gravity  of 
8*268,  and  a  molecular  volume  of  49*8,  thus  varying  only  0*8 
from  a  multiple  of  6'5.  At  101*^  the  chloride  bous,  and  at  98*^ 
its  density  is  2*968,  having  a  volume  of  54'9.  Probably  an 
absolutely  correct  determination  at  its  boiling  point  would  give 
a  value  of  55.  So  we  ma^  say  that  iodine  monochloride,  both 
as  a  solid  at  0^,  and  as  a  hquid  at  its  boiling  point,  has  molec- 
ular volumes  multiples  of  that  of  hydrogen. 

As  for  the  haloio  salts  of  silver,  they  cannot  with  certainty 
be  included  among  the  substances  connected  by  this  multiple 
relation.  The  fluoride  agrees  faiily,  however,  having  a  density 
of  6*852,  Gore,  and  a  molecular  volume  of  21*7  instead  of  22. 
The  chloride  and  iodide  may  be  forced  to  agree  by  selecting 
oiit  the  density  determinations  of  certain  investigators,  and 
rejecting  other  decidedly  discordant  data.  The  bromide  does 
not  agree  at  all.  A  determination  of  my  own  for  precipitated 
AgBr  gives  a  density  of  6*215, 17^,  and  a  corresponding  volume 
of  30*25.  Other  determinations  are  even  more  discordant  than 
this.  Silver  salts* generally  have  molecular  volumes  equal  or 
nearly  equal  to  the  corresponding  sodium  compounds;  that  of 
sodium  bromide  being  88*0.  Silver  fluoride,  it  will  be  seen, 
diverges  also  from  the  sodium  salts.  For  thallium,  our  data 
are  insufficient  Its  monochloride  has  a  molecular  volume 
approximating  to  a  multiple  of  5*5,  but  not  closely  enough  to 
be  satisfactory.  The  sesquichloride  does  not  even  approxi- 
mate. At  some  future  time  I  hope  to  be  able  to  revise  and 
extend  our  specific  gravity  determinations  for  this  class  of 
thallium  salts. 

Now  to  sum  up.  Including  the  silver  and  thallium  salts  we 
know  the  densities  6f  twenty-five  substances  containing  only 
univalent  elements.  Of  these,  twenty  have  molecular  volumes 
multiples  of  that  of  hydrogen,  three  are  doubtful,  two  appar- 
ently disagrea  We  may,  therefore,  safely  assert  the  following 
general  law,  subject  to  possible  exceptions    Every  compound 

*Oompt  Bend.,  yd.  Izzriii,  970.  f  Jour.  Ohem.  Soc,  n,  zi,  818. 
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containing  only  elements  of  the  hydrogen  group  has  a  niolecular 
volume  an  even  multiple  of  that  of  hydrogen.  This  is  probably 
but  a  hint  of  some  more  general  regularity  connecting  other 
elements  and  other  groups. 

Postscript. — Since  the  above  pages  were  written,  there  has 
been  published  by  Johnson  a  density  determination  for  potas- 
sium triiodide,  Klg.  (Chem.  News,  xxxiv,  256.)  This  deter- 
mination, 8498,  corresponds  to  a  molecular  volume  of  120*1. 
121  is  an  exact  multiple  of  5*5,  and  gives  a  theoretical  density 
of  3  472.  The  multiple  relation  now  holds  good  in  twenty 
cases  out  of  twenty-fiva 


Art.  XXXI Y. — On  the  identity  of  the  so-called  Peganite  ofArkan- 
sas  with  tlie  Variscite  of  Breithaupt  and  Callainite  of  bamour  ; 
by  Albert  H.  Chester. 

A  NUMBER  of  years  ago  I  obtained  some  specimens  of  a 
mineral,  said  to  come  from  Colorado,  which,  after  a  hasty  ex- 
amination, was  called  peganite.  More  recently,  I  have  received 
specimens  of  the  same  mineral  from  Montgomery  County, 
Arkansas,  from  which  locality  the  first  undoubtedly  cama 
Analyses  were  made  of  both,  with  the  results  given  below ; 
No.  1  is  of  the  amorphous  mineral,  and  No.  2  is  the  average 
of  two  analyses  of  the  crystalline  varietv.  It  was  found  impos- 
sible to  separate  it  from  the  quartz  wit&  which  it  is  a&sociated, 
and  a  considerable  quantity  of  the  latter  substance  is  unavoid- 
ably included  in  each  analysis. 

a  2 

Phoftj)horic  acid 13*08        22*36 

Alumina.' *   9*69         15*72 

Water 7*08         11*89 

Insoluble  residue 69*69        49*86 

Total,  99*44         99*83 

Deducting  the  insoluble  residue,  and  calculating  to  one  hun- 
dred per  cent,  we  have  the  results  below  in  columns  1  and  2, 
while  8  gives  the  average  of  the  two,  and  4  the  oxygen  ratio. 

1  2  3  4 

Phosphoric  acid 43*96       44*74       44*36         6*06 

Alumina 32*24       31*46       31*85         3*00 

Water 2380       23*80       23*80         432 

In  four  other  analyses  the  ratio  of  water  to  phosphate  of 

alumina  was  found  to  be  1  to  4*04,  4*26,  4*01,  and  4*28.     The 

formula  for  the  mineral  must  then  be  Al^Oj,  P,0,+4H,0, 

making  it  distinct  from  peganite,  with  which  it  has  been  con- 

Am.  Jous.  Soi.— Thibd  Sbbibs,  Vol.  Xm,  No.  76.— Afbjl,  1877. 
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founded.  Its  composition,  moreover,  is  identical  with  that 
obtained  by  Petersen  for  the  variscite  of  Breithaupt,  and 
closely  corresponds  to  that  of  the  callais  (callainite)  of  Damoor. 
Analysis  1,  below,  is  by  Petersen  (Jahrb.  Min.,  1871,  857)  of 
variscite  from  Messbacn,  in  Saxon  Voigtland ;  and  analysis  2, 
one  given  by  Damour  (after  the  deduction  of  210  p.  c.  of  sand), 
of  cailais : 

1  2 

Phosphoric  acid 44'05  43'31 

Alumina 31*26  30*09 

Iron  sesquioxide  * 1'21  1-86 

Magnesia. 0*41 

Lime 0*18  0*70 

Water 22-86  24*04 

Total,  99-96  100-00 

^  With  Or,0,  and  PeO. 

Both  of  these  analyses  agree  closely  with  the  formula  given, 
AljOg,  P,05+4H,0,  which  requires:  phosphoric  acid  44-80, 
alumina  3249,  water  22*71=100.  The  mineral  from  Arkansas 
with  also  the  callainite  of  Damour  should  consequently  be  in- 
cluded under  the  name  variscite,  given  in  1837  by  Breithaupt 

The  mineipal  occurs  in  crystalline  crusts  on  quartz;  also 
rarely  in  distinct  crystals  of  very  small  size.  These  belong  to 
the  orthorhombic  system,  showing  prismatic  and  basal  planes. 
The  crust  often  presents  a  semi-ffloDular  form  with  a  radiated 
structure.  It  also  occurs  amorphous  and  disseminated  through 
quartz.  The  colors  observed  are  deep  emerald-green,  though 
all  shades  of  bluish  green  to  almost  colorless.  Some  crystals 
are  dark  in  the  middle,  and  light  at  both  ends.  It  is  trans- 
parent to  translucerit,  infusible,  and  has  a  hardness  of  about  4. 
before  the  blowpipe  it  becomes  opaque,  friable,  and  of  a  deep 
purple  when  hot,  lighter  purple  when  cold.  In  the  glass  tube 
yields  much  water  and  changes  in  color  as  above. 

Chemical  Laboratory,  Hamilton  College,  Clinton,  N.  Y.,  Feb.  12. 


Art.  XXXV. — On  afibrotm  variety  of  Sepijolite  from  Utah;  by 
Albert  H.  Chester. 

Some  years  since  I  obtained,  while  visiting  a  silver  mine  in 
Utah,  specimens  of  a  fibrous  mineral  which  upon  analysis 
proves  to  have  the  composition  of  sepiolite.  It  occurs  in  a 
seam  about  two  inches  in  thickness  cutting  across  the  rock 
strata  and  vein  at  nearly  right  angles.  The  following  analyses 
give  the  composition  of  two  varieties,  one  of  which  is  white, 
and  the  other  bluish-green ;  1  is  the  mean  of  four  analyses  of 
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the  white  variety ;  8  is  a  single  analysis  of  the  green  kind ;  and 
2  and  4  are  the  respective  oxygen  ratios  for  the  two. 

12  3  4 

Silica 52-97  6*16     60-16       6-08 

Alumina 0*86  206 

Iron  sesqnioxide 0-70  1  -02 

Manganese  sdsqnioxide  . ..       3-14  2*09 

Copper  oxide 0-87)  ^.  6-82)    ^. 

Magnesia 22-60)  ^         18-29)    ^ 

Water 990  1-92       9-30       188 

Moisture 8*80  10-32 

One  half  the  water  is  driven  ofiF  at  a  temperature  of  100*^  C, 
and  very  little  more  is  lost  even  up  to  200°  C,  and  a  full  red 
heat  is  required  to  expel  the  last  traces.  It  is  hence  probable 
that  the  moisture  which  goes  oflF  below  110*^  does  not  belong 
to  the  mineral  and  should  not  be  r^arded  in  deducing  the 
formula.  The  formula  obtained  is  2MgO,  8SiO,  +2H,0,  which 
is  identical  with  that  of  sepiolite,  of  which  it  is  a  new  and  inter- 
esting variety.  Its  blowpipe  characters,  and  its  behavior  with 
acids  are  the  same  as  those  of  sepiolite.  It  gelatinizes  with 
hydrochloric  acid  though  not  entirely  decomposed.  The  green 
variety,  as  shown  in  the  analysis  above,  contains  considerable 
copper,  which  is  obviously  the  cause  of  the  color,  and  which 
seems  to  replace  the  magnesia  in  the  composition  of  the 
mineral. 

Hamilton  College,  Feb.  14. 


Art.  XXXVI.— On  Dr.  Peak's  Notes  on  the  Age  of  the  Rocky 
Afouv tains  in  Colorado;  by  J.  J.  Stevenson,  Professor  of 
Geology  in  the  University  of  New  York. 

I  HAVE  read  Dr.  Peale's  notes  with  a  good  deal  of  care,  but 
his  long  discussion  of  my  conclusions  contains  very  little  in 
the  way  of  direct  argument,  which  seems  to  me  to  call  for  a 
reply.  At  the  same  time  it  is  necessary  to  correct  some  of  Dr. 
Peaie's  statements,  which,  no  doubt  without  any  such  intention 
on  his  part,  certainly  tend  to  give  a  false  impression  respecting 
both  my  facts  and  my  position. 

The  first  of  these  is  on  page  172,  where  the  final  sentence  in 
the  third  paragraph  seems  to  intimate  that  while  Dr.  Peale 
does  not  r^ard  his  data  as  sufficient  to  extend  his  generaliza- 
tions to  the  entire  Kocky  Mountain  System,  I,  on  the  other 
hand,  feel  no  similar  hesitation  respecting  my  data,  which  were 
procured  within  a  smaller  area.  The  opening  paragraph  of 
Chap.  XVII  of  Wheeler,  vol.  iii,  contains  a  full  statement  of  my 
opinion  concerning  the  value  of  my  data. 
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The  second  of  these  is  on  page  174,  in  the  third  paragraph. 
There  the  statement  is  made  that  the  Trias  is  present  in  south- 
western Colorado  and  northern  New  Mexico,  and  the  testimony 
of  Dr.  Newberry,  Prol  Gope,  Mr.  Holmes  and  Dr.  Peale  is 
oflFered  to  prove  the  truth  of  the  statement.  This  effort  to 
show  the  existence  of  the  Trias  there,  taken  in  connection  with 
the  fact  that  no  reference  is  made  to  my  mention  of  the  group 
in  that  region,  is  very  apt  to  leave  the  impression  either  that  1 
failed  to  recognize  the  group  or  that  I  had  denied  its  existence; 
which  would  oe  an  error  in  each  case.  The  occurrence  of  the 
Trias  in  that  region  is  used  as  a  strong  proof  that  Trias  occurs 
in  the  interior  in  opposition  to  my  assertion  that  the  group  is 
absent  in  the  interior.  With  all  due  respect  for  Dr.  Peale's 
judgment,  I  submit  that  the  presence  or  absence  of  Trias  in 
New  Mexico  or  southwestern  Colorado  has  nothing  to  do  with 
the  **  interior,"  as  those  districts  are  outside  of  the  flexed 
region,  which  I  called  the  "interior." 

The  third  of  these  is  on  page  176,  but  begins  at  the  bottom 
of  page  176,  where  the  statement  is  made  that  my  conclusions 
in  favor  of  upheaval  at  the  close  of  the  Trias,  are  based  upon 
unconformability  observed  at  Golden,  near  Colorado  Springs, 
near  Cafion  City,  and  also  in  Huerfiano  Park.  Dr.  Peale  at 
once  settles  the  question  hei*e  by  showing  that  there  is  no 
proof  of  non-con formability  at  either  Golden  or  Colorado 
Springs,  so  that,  as  I  had  made  a  mistake  at  each  of  these 
localities,  there  is  every  reason  to  believe  that  the  same  mis- 
take was  made  at  the  other  localities.  Now  I  grant  him  all 
he  says  about  the  conditions  at  Golden  and  Colorado  Springs ; 
the  groups  are  not  in  direct  contact  there,  and  consequently  no 
proof  of  non-conformability  can  be  found.  But  that  does  not 
concern  this  matter  in  any  way.  As  I  made  no  reference  to 
either  Golden  or  Colorado  Springs  in  this  connection,  I,  of 
course,  made  no  mistake  respecting  them,  so  that  Dr.  Peale's 
intimation  with  regard  to  the  localities  to  which  I  did  refer,  is 
wholly  gratuitous. 

The  fourth  of  these  statements  is  in  the  paragraph  banning 
at  the  bottom  of  page  179,  and  continuing  almost  to  the  bottom 
of  page  180.  The  reasoning  in  this  paragraph  may  be  in- 
genious, but  one  would  find  difficulty,  even  by  the  use  of  the 
utmost  courtesy,  in  calling  it  ingenuous.  For  the  sake  of 
avoiding  confusion,  as  well  as  for  the  sake  of  courtesy,  it 
would  nave  been  '*  best  to  state"  in  the  text  that  "  rrof. 
Stevenson  regards  as  Cretaceous"  the  debatable  lignite  group 
which  Dr.  Peale  regards  as  Lower  Tertiary.  Buned,  as  this 
statement  is,  in  the  foot  notes,  it  is  easilv  overlooked,  and  the 
remark  on  the  following  page  **that  there  was  no  marked 
action  until  the  close  of  the  Lignitic,"  in  connection  with  the 
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context,  readily  appears  to  contradict  the  quotation  from  my 
report  on  page  IvR  But  there  is  no  difference  between  Dr. 
Peale  and  myself.  When  I  wrote  that  chapter  in  1874  I  re- 
garded the  whole  Lignitic  group  as  forming  the  closing  portion 
of  the  Cretaceous.  So  I  considered  the  period  of  accelerated 
upheaval  as  occurring  at  the  close  of  the  Cretaceous,  that  is,  at 
the  close  of  the  Lignitic  group.  Dr.  Peale  places  the  action  at 
the  same  tima 

I  have  no  additional  facts  to  offer  in  support  of  the  provi- 
sional conclusions  which  I  offered  in  the  report  to  Lieut 
Wheeler.  All  the  material  in  my  possession  is  given  in  that 
report,  and  the  synopsis  of  that,  which  seemed  to  have  a  bear- 
ing on  the  age  of  the  system,  is  to  be  found  in  Wheeler,  vol. 
iii,  Chap.  XVIL  Nor  am  I  likely  to  secure  any  additional  facts 
either  ^ro  or  cow,  as  there  is  no  probability  that  I  shall  have  an 
opportunity  to  revisit  the  Bocky  Mountains  for  a  number  of 
years. 
New  York,  March  9th,  187Y. 


SCIENTIFIC    INTELLIGENCE. 
L  Chemistky  and  Physics. 

1.  On  the  Velocity  of  Chemical  Heactions. — Boguski  and 
Kajandeb  have  continued  the  experiments  commenced  by  the 
former  to  ascertain  the  velocity  of  chemical  reactions.  Boguski 
defines  velocity  of  reaction  by  supposing  that  w==/^a.,  tfa,  a,, 
ei«,  ^),  m  which  u  is  tne  quantity  of  the  new  body  pro- 
duced in  the  time  f,  and  a,,  a^,  a, a,  the  conditions  un- 
der which  the  reaction  takes  place.     Hence  the  first  differential 

coefficient,  -^/^(^n  ^2j  ^g  •  •  •  ^>  0  represents  the  reaction- 
velocity  under  the  conditions  given.    It  remains  to  find  the  form  of 

clu 
the  functions  u  and  -^.    Since  all  the  conditions  must  be  exactly 

measurable  and  expressible  in  numbers,  the  author  chose  for  ex- 
periment the  action  of  liquids  on  solids,  in  which  the  only  varia- 
oles — the  temperature  being  constant — are  the  surface  of  the  solid 
acted  on  and  the  concentration  of  the  solution.     ^^  Concentration" 

is  used  to  express  the  value  given  by  the  formula  I^«TfT^>  i^ 

which  D  is  the  sp.  gr.  of  the  solution,  p  the  percentage  content  of 
the  body  dissolved  and  M  its  molecular  weight.  Since  the  num- 
ber of  molecules  of  this  body  in  a  unit  of  volume  of  the  solution 
is  directly  proportional  to  this  value,  if  V  represent  the  volume 

1     p 
in  C.C.,  the  formula  V.D.5r|.~-=y  represents  the  concentration 
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used  in  the  experiment.  Two  modes  of  stating  the  results  are 
proposed:  1st,  that  the  quantity  of  the  new  b(^y  formed  in  an 
infinitely  short  time  is  proportional  to  the  concentration  y  at  that 
time ;  or  2d,  that  this  quantity  is  proportional  to  the  number  of 
molecules  of  the  liquid  which  act  upon  a  unit  of  surface  of  the 
solid.  Taking  the  reaction  between  zinc  and  sulphuric  acid,  and 
assuming  that  a  unit  of  zinc  surface  dips  in  a  unit  of  volume  of 
the  acid,  the  first  hypothesis  is  expressed  by  the  differential  equa- 
tion {:?[Hj]=%{?^,  m  which  d[a.^]  expresses  the  quantity  of 
hydrogen  set  free  in  the  infinitely  small  time  dt,  and  k  is  the  pro- 
portional coefficient.  Since  49  parts  of  HoSO.  are  required  to 
evolve  1  part  of  H,  we  have  rH2]=-^[H2SO.]=— ^y.  Dif- 
ferentiating, e?[Hg]=z:— ^ij^y.  Equating  with  this  the  alK)ve  ex- 
pression for  c^Hg],  we  have  —  =  —  4:9kdt.  By  integration  be- 
tween the  limits  y,  and  y^,  the  value  of  y,  can  be  obtained ;  and 
by  substituting  this  value  for  y  in  the  first  equation  given  above, 
cnanging  the  signs  and  integrating  between  corresponding  limits, 

/P«l  /•'    ill 

e?[H2]=A;yo/  e""*«^*'(;^,  there    is    obtained    [Hgjzr^y^^ 

(l-«'"^*0=iTF(yo-y*)>  from  which  A;=-.-.g  comm.  log.  ^^ 

The  experimental  results  with  zinc  and  sulphuric  acid  not  being 
uniform,  the  author  took  Carrara  marble  and  hydrochloric  acid, 
the  marble  parallelepipeds  being  accurately  measured.  From 
this  the  surface-area  was  calculated  and  also  the  volume  of  liquid 
required  to  give  a  unit  of  volume  to  each  unit  of  marble  surface. 
The  concentration  of  the  acid  was  determined  volumetrically, 
ffiving  y^.  The  carefully  weighed  marble  was  placed  in  the  acid 
for  a  known  time,  then  removed,  washed,  dried  and  weighed; 
from  the  loss,  the  carbonic  dioxide  evolved  and  the  acid  consumed 
were  determined,  giving  y^     From  these  data,  by  the  formula 

^= Jf  A:M  log  — ,  the  value  of  Jf  A;M,  and  consequently  of  ky  was 

y© 

calculated.  As  a  mean  of  53  well  agreeing  experiments,  the 
value  of  HkM  was  found  to  be  0-01766,  and  otk  0-0444±0-003  at 
20°  and  700  mm.  Since  this  value  is  constant,  it  follows  that  the 
first  supposition  represents  a  fact,  and  that  the  quantity  of  carbon 
dioxide  gas  evolved  from  marble  in  a  definite  moment  of  time  is 
directly  proportional  to  the  concentration  of  the  acid  at  that 
moment.  In  connection  with  Kajander,  Boguski  has  now  ex- 
tended the  investigation  to  other  acids,  using  nitric  and  hydro- 
bromic  in  the  new  experiments.  They  find  the  values  ^^kM  and 
-^kM  respectively  0*0175, and  00185,  being  sensibly  the  same  as 
that  above  given ;  hence  the  coefficient  k,  for  these  three  acids  is 
inversely  proportional  to  their  molecular  weights.  From  the 
equation   a[CO ^l^^kydt,  we  have  the  velocity  of  the  reaction 

v^  *-  ,  "-=Ay.     Consequently  when  different  acids  of  the  same 
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concentration  act  upon  marble,  the  velocity  of  evolution  of  carbon 
dioxide  is  inversely  proportional  to  their  molecular  weights. — 
Ber.  BerL  Chem.  6e».,  ix,  1646,  x,  34,  Jan.  1877.  g.  p.  b. 

2.  On  the  Equivalence  of  Nitrogen. — Ladenburg  and  Steuve 
have  sought  to  throw  some  light  u})on  the  equivalence  of  nitrogen 
by  stndving  carefully  and  comparing  directly  the  properties  of 
triethylbenzylammonium  chloriae  and  iodide  on  the  one  hand, 
and  those  of  benzyltriethylammonium  chloride  and  iodide  on  the 
other.  The  former  bodies  were  prepared  directly  by  acting  on 
triethylamine  with  benzyl  chloride  m  a  sealed  tube  at  100°.  A 
white  crystalline  mass  results,  which  is  soluble  in  water,  and  is 
easily  crystallized  therefrom.  The  platinum  double  chloride  crys- 
tallizes easily  from  hot  water,  and  has  the  formula  (N(C3H^)3 
C,B[yCl)-PtCl..  The  iodide,  obtained  by  the  action  of  silver 
oxide  and  hydriodic.acid  on  the  chloride,  when  its  solution  is 
evaporated  on  the  water  bath,  is  very  readily  decomposed,  yield- 
ing irritating  odors  of  benzyl  iodide.  The  second  bodies  were 
obtained  by  acting  on  benzylamine  with  ethyl  iodide  at  130°. 
The  platinum  double  chloride  gave  the  formula  (NC7ll7(C2ll5)3 
Cl)2PtCl^.  When,  however,  aqueous  solutions  of  benzyltriethyl- 
ammonium iodide  are  evaporated  on  the  water-bath  no  benzyl 
iodide  is  formed  even  when  the  evaporation  is  carried  to  dryness. 
This  difference  in  the  behavior  of  the  two  bodies  leads  the  authors 
to  regard  them  as  isomeric  and  not  identical.  The  same  conclu- 
sion 18  drawn  from  the  form  of  crystallization  of  the  platino- 
chlorides,  one  being  apparently  monoclinic,  the  other  ortho- 
rhombic  From  this  it  follows  that  the  five  bonds  of  nitrogen  in 
ammonium  chloride  have  not  all  the  same  value. — Ber.  BerL 
Chem.  Ges,^  x,  43,  Jan.  1877.  g.  p.  b 

3.  Action  of  fuming  Nitric  acid  on  Coal  Gas, — Akesto  rides 
has  studied  the  products  obtained  from  coal  gas  by  passing  it 
throngh  fuming  nitric  acid,  until  a  brown  layer  separated  and  crys- 
tals began  to  appear.  The  heavy  layer  evolved  on  heating  tor- 
rents of  nitrogen  tetroxide  e^s,  and  on  adding  water,  a  yellow 
nitro  compound  separated  which  was  not  examined.  The  crystals 
consisted  of  oxalic  acid.  The  lighter  fluid,  which  had  the  odor  of 
nitrobenzene,  consisted  essentially  of  two  nitro-compounds,  one 
boiling  at  205°,  the  other  at  222®,  being  nitrobenzene  and  nitro- 
tolueno.  A  small  quantity  of  a  third  body,  boiling  about  300°, 
was  obtained,  probably  a  nitro-naphthalene.  In  examining  for 
the  source  of  the  production  of  oxalic  acid,  the  author  found  that 
benzene  gave  none  when  treated  with  fuming  nitric  acid,  while 
toluene  and  xylene  gave  small  quantities,  and  ethylene  afibrded  it 
abundantly.  Hence  the  author  concludes,  contrary  to  Berthelot's 
opinion,  that  ethylene  is  absorbed  by  nitric  acid  and  is  oxidized 
to  oxalic  acid;  this  substance  being  permanent  even  in  fuming 
acid. — J,  pr.  Ch,,  II,  xv,  62,  Jan.  1877.  G.  f.  b. 

4.  On  oxidized  PkUinic  sulphide — E.  v.  Meyer  has  examined 
the  so-called  oxidized  platinic  sulphide,  long  known  for  its  special 
catalytic  activity.    It  was  prepared  by  precipitating  a  hot  solu- 
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tion  of  potassium  platino-chloride  by  hydrogen  sulphide,  washing 
the  precipitate  by  decantation  witi  hot  water,  and  drying  for 
several  days  on  the  water-bath,  during  which  latter  process  the 
oxidation  takes  place.  It  appears  as  a  heayy  black  powder, 
which  on  continuous  heating  at  or  above  100^  suffers  further 
oxidation.  If  the  heating  be  rapid,  oxygen  is  absorbed,  sulphur- 
ous and  sulphuric  oxides  are  formed,  and  platinum  is  left.  On 
examination  it  was  found  to  contain  the  elements  of  water ;  and 
upon  analysis  two  products  were  distinguished,  one  the  normal 

hydrate  PtS  \  qo,  the  other  derived  from  two  molecules  of  this 

PtS  )     OH 

by  the  loss  of  water,  p.  g  >•  Oq^^.    The  analytical  results  for  the 

latter  were  satisfactory ;  but  the  former  could  not  be  obtained  as 
pure.  The  sulph-oxide  (PtS)O  does  not  appear  to  exist  free. 
The  author  finds  the  body  to  be  an  energetic  oxidizer,  HgS  yield- 
ing S,  SO^  giving  SO3,  HCl  evolving  CT,  NH3  producing  HNO, 
and  HNO3,  oxalic  acid  giving  CO-,  ferrous  being  oxidized  to 
ferric  salts,  alcohol  to>  aldehyde  and  toluene  yieldmg  benzalde- 
hyde. — J,  pr.  Ch.y  II,  xv,  1,  Jan.  1877.  o,  p.  r 

5.  Pr^aration  of  GlycoUic  add  by  reduction  of  Oxalic  acid. 
— Cbommydis  has  succeeded  in  producing  glycollic  add  from 
oxalic,  by  the  action  upon  it  of  nascent  hydrogen.  The  oxalic 
acid  dissolved  in  water,  was  mixed  with  zinc  turnings  and  heated 
for  eight  days  in  a  water-bath.  The  liquid  was  then  filtered, 
treated  with  milk  of  lime,  again  filtered,  the  excess  of  lime  re- 
moved by  oxalic  acid,  boiled  to  destroy  the  glyoxylate,  again 
filtered,  and  evaporated  to  crystallization.  On  cooling,  crystalline 
warty  masses  formed  which  were  soft  like  wax,  and  which  on 
analysis  proved  to  be  calcium  glycollate,  crystallized  with  four 
molecules  of  water.  The  copper  and  zinc  salts  were  also  prepared 
and  examined. — Bidl.  Sac,  Ca.,  II,  xxvii,  3,  Jan.  1877.    g.  p.  b. 

6.  On  the  Decomposition  of  the  Oil  of  Turpentine  at  high 
Temperatures. — Schultz  has  studied  the  products  of  the  action  of 
high  temperatures  upon  oil  of  turpentine,  using  iron  tubes  and 
heating  them  in  a  Hofmann  ftimace  to  a  dull  red  heat.  The  oil 
distilled  between  158°  and  161°,  and  was  caused  to  flow  into  the 
heated  tube  drop  by  drop.  Carbon  was  deposited,  combustible 
gases  were  evolved  which  were  not  examined,  and  a  black  tar 
collected  in  the  well  cooled  receiver  connected  with  the  apparatus. 
This  tar  was  fractionated,  and  the  fractions  examined.  The  por^ 
tion  boiling  below  200°  afforded  benzene,  toluene  and  xylene; 
that  below  300°,  naphthalene ;  and  that  above  300°,  phenanthrene, 
anthracene  and  methvl-anthracene. — JBer,  Berl,  Chem,  Oes.^  i, 
113,  Feb.  1877.  '  g.  p.  b. 

7.  Constituents  of  Beech-wood  Tar-creosote, — Tiemann  and 
Mbndblsohx  have  examined  the  properties  of  creosol  and  phlorol, 
constituents  of  that  fraction  of  beech-tar  creosote  boiling  near 
220°.  By  the  action  of  acetic  oxide  on  potassium-creosol,  acetyl- 
creosol  is  obtained,  and  this  by  oxidation  and  removal  of  the 
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acetyl,  givee  yanillio  acid.  CreoBol  is  therefore  parahydroxyl- 
metamethozyl-tolueDe.  From  phlorol,  metbyl-phlorol  and  oxy- 
pbthalic  acid  were  prepared. — Ber.  Berl.  Chem.  Ges.,  x,  57,  Jan. 
1877.  G.  F.  a 

8.  MecutiremerU  of  High  PresmMres. — ^M.  L.  Caillktet  has 
recently  constnicted  a  manometer  capable  of  measuring  bigb 
pressures,  on  tbe  slope  of  a  bill  near  bis  laboratory  at  Chatillon- 
sur-Seine.  Tbe  apparatus  consists  of  a  metallic  tube  70  meters 
long  and  about  2  mms.  interior  diameter.  One  of  tbe  extremities 
of  tbis  tube  is  soldered  to  a  reservoir  of  iron  filled  witb  mercury 
and  placed  at  the  base  of  the  bill  To  tbe  free  extremity  of  the 
tube  a  large  glass  tube  is  attached,  which  forms  the  upper  end. 
When  tbe  mercury  contained  in  the  reservoir  is  compressed,  it  is 
forced  up  into  the  metallic  tube  so  as  partly  to  fill  the  glass  tube, 
which  is  fixed  on  a  vertical  plate.  This  portion  of  the  apparatus 
is  movable,  owing  to  the  flexibility  of  the  metallic  tube  and  may 
be  carried  to  one  side  and  placed  against  either  of  several  stakes 
arranged  along  the  slope  and  having  indices  distant  from  each 
other  exactly  760  mms.  vertically.  Fractions  of  an  atmosphere 
are  measured  by  a  graduated  scale  resting  against  tbe  stake. 
Attached  thermometers  give  tbe  correction  for  temperature.  A 
pressure  of  thirty-four  atmospheres  may  thus  be  ootained.  M. 
Cailletet  proposes  shortly  to  measure  the  compressibility  of  gases 
at  very  high  pressures  by  the  aid  of  tbe  shaft  of  a  deep  mine. 
For  this  purpose  it  is  only  necessary  to  lower  into  tbe  shaft  to  a 
known  depth  a  cylindrical  reservoir  of  iron  about  two  meters  long 
and  containing  the  apparatus  with  gilt  glass  he  previously  used 
in  testing  tbe  law  of  Mario tte.  A  small  metal  tube  starting  at 
the  surface  is  attached  to  the  iron  reservoir.  When  mercury  is 
turned  into  tbe  extremity  of  the  metallic  tube,  it  descends  into  the 
reservoir  and  produces  a  pressure  which  is  transmitted  to  the  gas 
in  tbe  interior.  This  pressure  is  accurately  measured  by  the  dif- 
ference of  level  of  the  mercury  in  the  two  tubes.  Thus  witb  no 
special  apparatus  and  simply  by  the  aid  of  mercury  we  can  com- 
press a  gas  several  hundred  atmospheres  and  at  the  same  time, 
measure  exactly  the  pressure  produced. —  Comptes  Bendus^  Ixxxi v, 
8a.  E.  c.  p. 

9.  Diathermaneitf/  of  Metals  and  Paper, — M.  Aymonnet,  from 
his  own  observations,  together  with  those  ol  Wiedemann  and 
Franz,  on  the  rapidity  with  which  the  equilibrium  of  temperature 
is  established  in  bars  whose  coefiScients  of  conductibility  are 
sought,  arrives  at  the.  following  conclusions : 

1st.  That  metals  and  paper  are  not  athermanous  as  is  generally 
supposed. 

2d.  That  they  are  more  diathermanous  for  the  obscure  rays 
emanating  from  metallic  bodies  brought  to  a  temperature  below 
100^  than  for  the  luminous  heat  rays,  or  those  near  the  red  end  of 
tbe  spectrum. 

dd.  That  they  have  absorbent  powers  less  than  that  of  water. 
The  complement  of  the  inverse  ratio  which  exists  between  the 


Digitized  by  VjOOQIC 


804  Scienfijic  Intelligence. 

quantity  of  heat  which  penetrates  normally  into  a  body  and  that 
which  goes  out  of  it  in  the  same  direction  is  here  called  the  ab< 
sorbent  power. 

4th.  That  it  is  possible  to  find  a  mathematical  relation  between 
the  absorbent  power  of  a  body  and  its  coefficient  of  conductibility. 
Comptes  Renaus,  Ixxxiv,  269.  k.  c.  p. 

1 0.  Increase  of  Weight  by  Combustion. — M.  V.  Meyer  suggests 
a  form  of  lecture-room  experiment  to  show  the  increase  of  weight 
in  the  combustion  of  a  substance  at  the  expense  of  the  oxygen  of 
the  air.  Some  years  ago  Professor  Hoffinann  showed  a  practical 
method  of  demonstrating  experimentally  the  increase  of  weight  of 
iron  when  burned  in  oxygen,  but  there  has  been  as  yet  no  simple 
means  of  proving  this  fact  for  objects  like  a  candle,  which  appear 
to  the  eye  to  diminish.  A  candle  is  attached  to  each  pan  of  a 
balance,  and  aboye  one  a  glass  tube  open  at  both  ends  is  hung, 
at  nearly  the  height  of  the  wick.  In'  this  tube  is  a  piece  of  wire 
gauze  holding  some  pieces  of  caustic  soda ;  after  balancing  the 
candles,  one  of  the  candles  is  lit,  when  the  products  of  combus- 
tion are  retained  by  the  soda  and  this  end  of  the  beam  descends. 
At  the  end  of  a  quarter  of  an  hour  the  difference  in  weieht  may 
amount  to  three  grams. — Ber.  Chem.  GeseU.j\Xy  1866;  Bib.  Vhiv.j 
coxxix,  106.  E.  a  p. 

1 1.  Absorption  of  Light. — M.  Lippich  of  the  Vienna  Academy 
has  recently  been  inyestigating  the  influence  of  the  mean  distance 
of  absorbent  particles  upon  absorption.  As  such  an  influence 
must  be  especially  prominent  when  the  substances  afford  well- 
defined  absorption  bands,  and,  with  considerable  density,  show 
no  strong  colors,  he  chose  for  his  experiments  the  nitrate  of 
didymium  oxide,  which  has  these  properties  in  a  high  degree.  A 
pretty  concentrated  aqueous  solution  of  this  salt  in  a  vessel  one 
centimeter  thick  was  spectroscopically  compared  with  a  solution 
having  a  concentration  of  only  O'l,  0*06  of  the  first  These  solu- 
tions were  in  tubes  of  ten  and  twenty  centimeters  severally.  A 
Steinhiel  spectroscope  was  used,  and  the  light  sources  were  two  gas 
lamps  so  regulated  that  both  spectra  showed  the  same  briffhtnees 
on  the  parts  that  were  free  from  absorption.  Even  with  the  con- 
centration ratio  riO,  there  were  marked  differences  in  the  absorp- 
tion bands.  The  very  characteristic  bands  in  the  yellow  and  yel- 
low-green were,  fot  the  more  concentrated  solution,  considerably 
broadened  toward  the  red  end  of  the  spectrum,  while  the  sharp 
limit  toward  the  violet  was  the  same  tor  both  solutions.  The 
much  narrower  bands  in  the  green  showed  quite  a  similar  behavior. 
In  the  other  parts  differences  were  observed  with  difficulty.  Be- 
sides this  difiereiice  in  the  breadth  of  the  absorption  bands,  there 
were  others  in  the  distribution  of  the  bright  parts. — Nature^  xv, 
2o8.  E.  c.  p. 

VL* Lippmann^s  Electrometer. — Professor  Dewab  exhibited  to 
the  Physical  Society  a  simple  electrometer  which  he  has  designed, 
founded  on  the  discovery  of  Lippmann  that  the  capillary  constant 
is  not  really  independent  of  the  temperature  or  condition  of  the 
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Borfaoe,  but  is  a  fanction  of  the  electromotive  force.  If  a  capillary 
tube  be  immersed  in  mercury,  and  dilute  sulphuric  acid  be  placed 
in  the  tube  above  the  mercury,  and  a  current  from  a  Daniell's  cell 
be  so  passed  through  the  liquids  that  the  mercury  forms  the  nega- 
tive pole,  the  column  will  be  depressed  to  an  extent  dependent  on 
the  aiameter  of  the  tube.  In  making  an  electrometer,  Professor 
Dewar  has  increased  the  sensitiveness  by  connecting  two  vessels 
of  mercury  by  means  of  a  horizontal  glass  tube  filled  with  the 
metal,  except  that  it  contains  a  bubble  of  dilute  acid.  Tlie  tube 
must  have  an  internal  diameter  of  two  millimeters,  and  it  is  essen- 
tial that  it  be  perfectly  clean,  uniform  in  diameter  and  horizontaL 
The  instruments  exhibited  were  constinicted  bj  Messrs.  Tisley  and 
Spiller,  and  Professor  Dewar  showed  that  it  is  possible  by  means 
or  them  to  measure  an  electromotive  force  equal  to  xriinr  ^^  * 
DanieH's  cell;  forces  capable  of  decomposing  water  must  be 
measured  by  causing  two  currents  to  act  against  each  other. 
The  index  bubble  is  brought  to  zero  by  uniting  the  mercury  cups 
by  a  wire.  The  apparatus  is  very  convenient,  as  it  requires  no 
preparation  and  is  extremely  simple  in  its  action.  He  next  showed 
an  instrument  arranged  by  Mr.  Tisley  for  producing  a  current  by 
the  dropping  of  mercury  from  a  small  orifice  into  dilute  sulphuric 
acid  ;  it  the  vessels  containing  the  mercury  and  the  acid  be  con- 
necteti  by  a  wire  a  current  is  found  to  traverse  it.  He  then  ex- 
hibited a  manometer  suitable  for  measuring  very  slight  variations 
of  pressure,  and  he  illustrated  the  use  of  it  for  proving  Laplace's 
law  that  the  internal  pressure  multiplied  by  the  diameter  of  a  soap 
bubble  is  constant  It  consists  of  a  U-tube  one  arm  of  which  is 
about  fifteen  inches  long  and  is  bent  horizontally  and  levelled  with 
great  care.  If  the  shorter  arm  be' connected  with  a  tube  on  which 
a  bubble  has  been  blown  and  the  diameter  of  the  bubble  be  varied, 
the  position  of  the  extremity  of  the  alcohol  column  will  be  found 
to  vary  in  accordance  with  the  above  law. — Nature^  xv,  210. 

E.  c.  p. 
13.  Bniwiekelung'der  theoretischen  Ansichten  Uber  die  gepaarten 
Schtoefdverbindungen;  von  Geo.  A.  Smyth  ^of  Amherst  Mass.). 
122  pp.  8vo.  Berlin,  1876. — In  the  above  titled  Monograph  the 
author  has  endeavored  to  give  a  critical,  historical  sketch  of  the 
theoretical  views  concerning  the  large  and  important  family  of 
organic-inorganic  bodies,  which  may  be  appropriately  designated 
as  the  cor\fugaCed  or  ccyoulated  compounds  of  sulphur,  and  which 
comprises  the  classes  of  sulpho-  stclphi-  and  hypomlphi-  acids,  the 
sulphohydrates  or  mercaptanes^  and  their  derivatives.  Resinning 
with  the  discovery  of  the  first  organic  derivatives  of  H,SO^ 
through  the  experiments  of  Dabit,  ^rttlrner,  Vogel,  Gay-Lussac, 
Hennell  and  Faraday,  and  the  formation  of  the  first  sulpho-com- 
pounds  by  Faraday  and  others,  in  the  early  part  of  this  century, 
It  discusses  in  successive  chapters  the  older  modes  of  viewing 
these  bodies  by  Faraday,  Magnus,  Liebig,  Regnault,  Berzelius, 
Mitscherlich,  and  Fehling,  the  views  of  the  originators  of  the 
theory  of  substitution,  those  of  the  followers  of  the  electro-chemical 
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radical  theory  up  to  the  time  of  Kolbe*B  modification  of  this  theory, 
and  the  h3rpothesi8  of  copulation,  the  farther  development  by 
disciples  of  the  radical  theory  in  accordance  with  the  atomittie 
conception  of  combination,  the  typical  theory  and  the  copulated 
compounds,  the  development  of  atomistic  views  of  combination 
by  the  typicists,  and  the  present  modes  of  interpreting  the  copu- 
lated compounds.  At  the  close  a  chapter  is  added  describing 
briefly  the  discovery  and  the  character  of  the  different  classes  of  the 
conjugated  sulphur  compounds,  and  more  especially  those  of  the 
sulpho-acids,  their  formation  out  of  different  eroups  of  organic 
boaies,  the  number  of  sulpho-substitutions,  their  modes  of  forma- 
tion, their  metamorphoses  through  modifications  of  the  inorganic 
group,  and  their  dec<  impositions  by  separation  of  the  organic  from 
the  inorganic  compound  parts,  in  connection  with  this  chapter 
some  points  of  theoretic  interest,  such  as  the  constitution  of  sul- 
phurous acid,  Eolbe's  prognosis  of  sulpho-alcohols  and  aldehvdes, 
etc.,  which  could  not  be  conveniently  discussed  in  the  main  body 
of  the  work,  are  taken  up. 

After  discussing  the  older  modes  of  interpreting  the  sulpho- 
compounds,  which  were,  from  the  insufficient  data,  necessarily 
crude,  and  which  failed  to  give  any  systematic  explanation  of  the 
action  of  H^SO^  upon  organic  boaies,  the  compounds  being  vari- 
ously regarded  as  combinations  of  organic  bases  with  sulphuric, 
hypo-sulphuric  acid,  etc.,  and  after  briefly  sketching  the  rise  of  the 
theory  of  copulation,  which  was  largely  owing  to  the  study  of 
sulpho-acids,  the  author  next  treats  of  the  development  of  the 
atomistic  conception  of  combination  by  Kolbe  and  Frankland  in 
the  sixth  decade,  maintaining  that  we  find  here  the  first  satisfac- 
tory explanation  of  the  constitution  of  the  copulated  sulphur  com- 
pounds, and  the  first  conception  of  the  sexivalence  and  conse- 
quently variable  atomicity  of  sulphur.  The  reasons  for  Kolbe's 
explanation  of  the  constitution  of  these  bodies,  as  compounds  of 
sexivalent  sulphur  having  exerted  so  little  influence,  and  of  his 
claims  to  having  established  the  hexavalenciB  of  sulphur,  and  also 
the  quadri valence  of  carbon  having  been  so  generally  overlooked 
are  sought  for  principally  in  his  retention  of  equivalent  formul®, 
which  could  not  express  his  own  views  of  chemical  combination, 
and  which  showed  that  his  conception  of  atomicity,  though 
broadly  stated,  was  not  defined  with  sufficient  sharpness  and 
definiteness. 

Under  the  head  of  the  typical  theory  in  its  relations  to  the 
copulated  sulphur  compounas,  which  is  the  subject  next  treated, 
the  attention  of  the  reaaer  is  directed  to  the  influence  of  Grerhardt's 
discoveries  of  the  sulpho-chlorides  and  amides,  and  Buckton's  and 
llofmann's  preparation  of  numerous  disulpho-acids^  Gerhardt's 
comparison  of  the  sulpho-compounds  with  the  carbonic  acid  series 
as  compounds  containing  the  radicals  SO,  and(yO  respectivel;^,  Lim- 
pricht's  and  von  Uslar's  investigations  of  the  sulpho-benzoic  acid 
compounds,  their  view  of  the  substitution  of  H  in  the  organic 
radical  by  SO^,  Mendius'  view  of  the  typical  formuln  as  an  ex- 
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presfflOTi  of  the  constitution  of  chemical  compounds,  Kekule's 
mixed  types,  and  the  controversy  between  the  champions  of  the 
typical  theory,  being  the  sublects  most  prominently  taken  up. 
The  typical  theory  contributed,  according  to  the  view  of  the  au- 
thor, very  little  toward  the  advancement  of  our  theoretic  knowl- 
edge of  the  copulated  sulphur  compounds.  It  failed  signally  to 
throw  liffht  upon  the  peculiar  nature  of  the  sulpho-acids,  it  proved 
itself  to  be  utterly  unable,  as  the  interpretations  of  Carius's  inves- 
tigations abundantly  show,  to  explain  any  difference  of  constitu- 
tion between  the  sulpho-acids  and  the  metameric  hypothetical 
primary  ethers  of  sulpnurous  acid,  while  the  adoption  of  complex 
multiple  and  mixed  types  showed  the  fruitlessness  of  all  at- 
tempts to  refer  compounds  capable  of  undergoing  manifold  reao- 
tions  to  any  typical  bodies,  out  an  atomistic  explanation  of  the 
copulated  sulphur  compounds  presented  peculiar  difficulties  to  the 
disciples  of  the  typical  school,  as  it  necessitated  the  acceptance  of 
a  higher  atomicity  of  the  sulphur  atom,  and  accordingly  it  was 
not  until  the  discovery  of  the  true  primary  ethers  of  sulphurous 
acid,  fmd  of  the  isomeric  phenole  sulpho-acids,  and  furthermore  of 
the  difference  in  constitution  of  these  acids  from  the  primary  acid 
ethers,  that  the  typicists  adopted  an  atomistic  conception  of  com- 
bination. 

After  sketching  the  gradual  development  of  atomistic  and 
structural  views  by  the  former  typicists,  as  shown  most  promi- 
nently in  the  attempts  of  Kekule  to  derive  the  copulated  sulphur 
compounds  from  a  dyad  S,  and  in  the  adoption  by  Butlerow  and 
Erlenmeyer  of  a  higher  atomicity  for  S,  the  author  goes  on  to 
compare  the  views  held  at  present  with  those  advanced  by  Kolbe, 
endeavoring  to  show  that  tne  explanations  of  the  chemical  deport- 
ment of  the  sulpho-compounds  now  given  are  essentially  the  same 
as  those  given  by  Kolbe,  some  twenty  years  ago,  that  these  chemists 
differ  however  from  Kolbe  in  their  general  conception  of  the  consti- 
tution of  a  body,  and  in  their  views  as  to  the  manuer  in  which  the 
S-atom  is  combined  with  the  organic  radical.  The  latter  difference 
of  opinion  is,  according  to  the  author,  the  only  essential  one^  and  he, 
although  assenting  to  Kolbe's  general  views  as  to  the  chemical 
constitution  of  a  body,  does  not  hesitate  to  accept  Butlerow's 
definition  of  the  sulpho-compounds,  i.  e.  as  compounds  of  a  sexi- 
valent  S,  in  which  the  S  is  combined  directly  with  a  C-atom  of  the 
organic  body. 

IL  Geology  and  Mineralogy. 

1.  Note  on  the  Age  of  the  CrystaUine  Rocks  of  Wisconsin; 
by  Roland  Irving.  (Communicated.)  —In  a  note  on  the  "  Hnronian 
of  Canada,"  jjublisheii  in  this  journal  for  December  last,  Mr.  A.  R. 
C.  Selwyn,  criticising  Mr.  F.  H.  Bradley's  reference  of  the  Canada, 
Wisconsin,  and  Michigan  Huronian  to  the  Lower  Silurian,  uses 
the  words :  ^*  If,  however,  it  is  an  established  fact  that  in  Minne- 
sota (Michigan?)  and  Wisconsin  the  same  Huronian  rocks  are 
unconformably  covered  by  the  Potsdam  sandstone  .  .  .  •"    Such 
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an  uDConformability  in  Wisconsin  is  certainly  a  fact,  established 
not  by  one  or  two  instances,  but  by  many.  The  exact  janction 
between  the  two  formations  is  often  to  be  seen,  the  almost  loose 
sand  of  the  Potsdam,  with  numerous  fossils,  as  also  fragments  de- 
rived from  the  older  rocks,  lying  upon  and  wedged  in  between 
the  tilted  ledges  of  Huronian  quartzite,  schist,  or  other  rock. 
Exactly  similar  unconformability  is  to  be  seen  at  the  Dalles  of  the 
St.  Croix  River  between  the  rotsdam  and  Copper  series;  the 
horizontal  beds  of  the  former,  filled  with  shells  of  lAnguUeUa^ 
lying  directly  upon  the  columnar  raelaphyre  (?)  of  the  latter  series, 
the  exact  junction  of  the  two  series  being  exposed.  The  crystalline 
rocks  of  Wisconsin  include  unquestionably  two  distinct  terranes, 
the  one  lying  unconformably  upon  the  other,  as  is  beautifdlly 
shown  at  renokee  Qap,  on  Bad  river,  in  the  Lake  Superior  country. 
Here  a  white  siliceous  marble  of  the  Huronian,  overlaid  by  hun- 
dreds of  feet  of  distinctly  bedded  slaty  rocks,  and  dipping  north- 
ward, is  to  be  seen  withm  twenty  feet  of  large  ledges  of  dark  col- 
ored amphibolic  ^eiss,  whose  bedding  planes  dip  southward  and 
strike  in  a  direction  diagonally  across  that  of  the  more  northern 
beds.  There  are  no  doubt  instances  where  the  two  series  are 
difficult  to  separate,  similar  rocks  occuring  in  both  groups,  but  the 
existence  of  the  two  is  incontestable,  and  their  unconformability 
with  the  unaltered  Potsdam  equally  so.  The  facts  proven  thus 
far  with  regard  to  the  older  rock  series  of  Wisconsin  may  be 
briefly  summarized  as  follows :  the  oldest  (I)  are  gneisses  and 
granites  with  other  rocks;  these  are  overlaid  unconformably  by 
(H)  a  series  of  quartzites,  schists,  diorites,  etc.,  with  some  gneiss 
and  granite;  these  in  turn  are  overlaid — ^probably  also  unconform- 
ably, but  this  is  not  certainly  proven — by  (HI)  the  Copper  series, 
which  includes  greenstones  and  melaphyres,  and  also  great  thick- 
nesses of  interstratifled  sandstone,  melaphyres,  amygdaloids  and 
shales,  the  whole  having  a  thickness  of  several  miles ;  these  finally 
are  unconformably  covered  by  (IV)  a  series  of  unaltered  horizontal 
sandstones  including  numerous  fossils,  many  of  which  are  closely 
allied  to  those  of  the  Potsdam  sandstone  of  New  York,  and  all  of 
which  have  a  marked  Primordial  aspect.  I  and  11  are  referred  to 
the  Laurentian  and  Huronian  systems  of  Canada,  because  they 
bear  the  same  relations  to  one  another  and  to  the  Copper  series 
that  these  systems  do.  However  this  may  be,  it  will  be  seen  that 
in  order  to  include  the  Wisconsin  crystalline  rocks  within  the 
Silurian,  Mr.  Bradley  would  have  to  stretch  that  term  so  as  to 
cover  three  entirely  distinct  terranes,  each  overlying  its  prede- 
cessor unconformably  and  many  thousand  feet  in  thickness,  the 
highest  of  the  three  in  its  turn  overlaid  unconformably  by  hori- 
zontal sandstone  with  Primordial  fossils.  As  to  any  of  the  Wis- 
consin or  Michigan  crystalline  rocks  being  altered  equivalents  of 
the  Primordial  and  newer  strata  of  the  eastern  States,  such  an 
hypothesis  is  certainly  untenable  for  a  moment.  Such  things  may 
ana  in  all  probability  do  occur  in  the  Appalachians,  but  there 
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certainly  hae  been  no  period  of  metamorphism  in  the  region  of  the 
northwestern  States  since  the  beginning  of  the  Primordial. 

Uniyersity  of  Wisoonsm,  March  8th,  1 877. 

2.  Microscopical  Petrography;  by  Ferdinand  Ziekel.  Being 
Volume  VI  of  the  series  of  Reports  of  the  U.  S.  Geological  Explo- 
ration of  the  40th  Parallel,  Clarence  King,  Geologist-in-charge. 
Submitted  to  the  Chief  of  Engineers,  and  published  by  order  of 
the  Secretary  of  War  under  authority  of  Congress.  298  pp.  4to, 
with  twelve  plates.  Washington,  1876. — The  great  region  west 
of  the  Front  Range  of  the  Rodcy  Mountains,  including  the  part  in 
the  vicinity  of  the  40th  Parallel,  abounds  in  igneous  rocks,  from 
dolerytes  to  trachytes  and  related  kinds,  some  of  them  closely  like 
rocks  of  central  and  southeastern  Europe;  and  Mr.  King  has  done 
well  in  looking  to  Europe  for  the  study  and  description  of  his 
specimens,  and  has  been  most  fortunate  in  securing  tne  labors  of 
rrot  Zirkel,  the  leading  author  in  microscopic  lithology.  The 
results  are  therefore  excellent,  and  at  the  same  time  they  give  to 
the  American  student  the  present  European  use  of  the  names  of 
rocks. 

The  Report  commences  with  an  Introduction  reviewing  the 
kinds  of  crystalline  rocks  and  their  microscopic  distinctions.  In 
this  chapter  Prof  Zirkel  states  that  in  his  descriptions  he  uses  the 
term  ** ground-mass"  for  the  mass  of  a  rock  where  it  is  distinctly 
crystalbne  granular  under  the  microscope,  and  "  base**  when  there 
is  an  amorphous  paste  not  crystalline  granular  under  the  highest 
magnifying  power,  though  containing,  except  in  many  obsidians, 
crystalline  minerals. 

He  remarks  also  on  the  evidence  that  the  crystalline  minerals 
in  the  "base"  were  formed  while  the  latter  still  had  a  flowing 
movement,  as  shown  by  the  minerals  ranging  in  straight  or  wavy 
lines,  and  by  their  fractures  and  abrupt  oends  or  displacements; 
hence  the  positions  and  forms  of  the  crystals  have  been  partly 
determined  by  the  flowing;  and  hence,  also,  the  rock  has  not 
ondergone  any  metamorphic  changes    since   solidification   took 

Slace.  Those  rocks  whose  micro-fluidal  structure  is  particularly 
istinct  are  generally  proportionally  rich  in  broken  crystals  shiv- 
ered into  detached  sharply  angular  fragments. 
The  feldspar-bearing  igneous  rocks  he  divides  as  follows : 
L  The  FELDSPAR  ORTHOCLASE. — (a.)  Containing  quartz  or  an 
excess  of  silica  :  granite,  granite-porphyry,  felsite-porphyry,  rhy- 
olyte,  obsidian,  pearlyte,  pumice,  pitchstone. — (6.)  Contahiing  no 
quartz^  and  often  wit/t  more  or  less  plagioclase  feldspar :  syenyte, 
augite-syenyte,  quartzless  orthoclase-porphyry,  trachyte,  augite- 
trachyte. — (c.)  Containing  no  quartz^  ana  with  more  or  less  nephel- 
ite  or  leucite:  Foyayte,  miascyte,  orthoclase-porphyry,  phonolyte 
(containing  nephelite),  and  leucite  and  sanidin  rocks. 

n.   The  FELDSPAR  OF  THE   PLAGIOCLASE  OR  TRICLINIC  SERIES.— 

(o.)  Containing  hornblende :  quartz-dioryte,  dioryte,  porphyryte, 
hornblende  -  porphyry,  propyl yte,  quartz -propylyte,  homblende- 
andesyte,  ana  dacy te. — (b,)  Containing  biotite:  micaniioryte. — (c.) 
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Containing  cmgite :  diabase,  ai^te-porphyry,  melaphyre,  angite- 
andeisvte,  ieldspar-basalt  (iDolading  doleryte  and  anamesyte),  and 
tachylyte. — (d.)  Containing  dialUige:  gabbro.— (e.)  Containing 
hypersthene:  hvper8thenyte.-r-(/.)  Containing  olivine:  (serpentine) 
*'  forellenstein." 

ni.  Containing  nepheltte  as  the  feldspar  nuneraL — Nephelin- 
yte  and  nepheline-basalt. 

IV.  Containing  leucfte  as  the  feldspar  mineral.  —  Sanidin- 
l^cite  rocks  and  leiicite-basalt.* 

To  understand  this  list  it  is  necessary  to  have  in  mind  some 
points  in  German  usage  connected  with  the  naming  of  rocks. 
First,  as  to  the  affix,  porphyry.  It  is  not,  as  misht  be  inferred, 
the  name  of  a  natural  group  or  family  of  rocks,  but,  as  the  list 
shows,  it  is  applied  to  rocks  of  various  groups.  It  signifies  really 
a  porphyritic  variety  of  some  kind  of  rock.  Felsite-jporphy^  is  a 
porphyritic  felsite  (typical  porphyry) ;  granite-porphyry  is  a  pjor- 
phyritic  granite,  though  restncted  by  Zirkel  to  a  Kind  in  which 
the  granite  is  of  very  fine  grain,  between  ordinary  granite  an<}  fel- 
site. So  in  cases,  not  above  particularized,  diabase-porphyry  is  a 
porphyritic  diabase,  dioiyte-porphyry,  a  porphyritic  dioryte,  and 
so  on.  A^ain,  the  affix  is  used  where  the  disseminated  crystals 
are  not  feldspar,  but  some  other  mineral:  thus,  hornblende-por- 
phyry, as  used  by  Zirkel,  is  a  gray  homblendic  rock  in  which  the 
large  disseminated  crystals  are  hornblende ;  and  augite-porphyry, 
one  in  which  the  crystals  are  augite.  The  science  would  be  better 
off  without  the  word,  except  as  used  in  the  adjective  fonn. 

Further :  syenite  of  the  Germans  is  a  rock  consisting  of  horn- 
blende and  orthoclase  without  quartz,  unlike  the  rock  of  Syene, 
Egypt,  which  originated  the  name.  Syenite  containing  quartz  as 
a  prominent  constituent  is  made  a  variety  of  granite — although 
having  its  nearest  relations  to  other  hornblendic  rocks ;  and,  if  not 
made  the  typical  syenite,  entitled,  by  usage  elsewhere  in  the 
above  list,  to  the  name  quartz^enite. 

Again,  the  names  of  some  kinds  of  rocks  are  made  to  depend  on 
their  geological  age — an  igneous  rock  if  of  Tertiary  ase  having  one 
name,  and  if*  older  than  Tertiary,  another.  Thus,  labradorite  and 
augite  along  with  more  or  less  magnetite  make  together  a  rock 
which  is  caUed  basalt  or  doleryie  if  Tertiary  or  younger,  and  dior 
base  if  of  earlier  date.  It  is  a  method  of  naming  which  might 
multiply  names  indefinitely,  and  which  has  nothing  to  commend 
it.  It  is  to  be  noted  also  that  Zirkel  uses  the  name  basalt  in  place 
of  doleryte.  Both  basalt  and  diabase  are  described  as  often  con- 
taining viridite  or  a' hydrous  chloritic  mineral  The  term  mela- 
phyre  is  restricted  to  an  amygdaloidal  basalt — an  application  not 
always  easily  made,  since  the  same  dike  or  mass  oi  rock  is  often 
amygdaloidal  in  one  small  part  and  not  through  the  rest  of  the 
mass,  and  there  is  an  indefinite  gradation  between  such  melapbyre 
and  the  chloritic  basalt.  Peridotyte,  or  basalt  containing  olivine, 
is  left  as  a  variety  of  basalt 

*  The  V,  in  the  last  iyllable  of  tiie  names  of  many  ol  the  rooks,  is  inaertod  by 
the  writer. 
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Of  the  above  mentioned  rocks,  those  foand  in  western  America 
inclade,  under  I,  eranite  and  granite-porphyry,  felsite-porphyry, 
syenite;  ander  II,  dioryte,  hornblende-porphyry,  propylyte,  quartz- 
propylyte,  homblende-andesyte,  dacyte,  trachyte,  rhyolyte,  dia- 
base, melaphyre,  gabbro,  augite-andesyte,  basalt;  under  lY,  leu- 
cite  rock. 

The  Yolume  is  chiefly  devoted  to  the  description  of  these  rocks 
from  different  localities,  after  a  study  of  microscopic  sections,  and 
comparisons  with  similar  rocks  of  other  countries ;  and  numerous 
very  singular  and  interesting  facts  are  brought  out,  besides  impor- 
tant illustrations  of  the  relations  and  mode  of  origin  of  the  rocks. 
We  add  some  notes  respecting  them,  following  the  order  in  this  list. 

Propyljfte  is  the  most  prominent  rock  of  the  Washoe  district, 
Nevada,  constituting  the  entire  Virginia  range.  It  is  a  grayish- 
green  rock,  consisting  mostly  of  a  plagioclase  or  triclinic  feldspar. 
in  small  cr}rstals  or  grains,  and  hornblende,  the  latter  disseminatea 
in  minute  points  or  crystals  through  the  former,  and  often  in  part 
changed  to  chlorite  or  epidote.  Apatite  is  sometimes  present,  and 
occasionally  biotite.  In  mineral  constitution  it  is  scarcely  distinct 
fh>m  dioryte,  the  silica,  according  to  the  analyses  given,  amounting 
to  64  to  66  per  cent  Itis  of  Tertiary  age,  and  hence  it  is  not 
called  dioryte ;  but,  in  addition,  it  has  generally  more  of  the  aspect 
of  a  modem  igneous  rock.  A  quartziferous  variety  is  the  quarts^ 
propylyte. 

Andesyte  has,  according  to  Zirkel,  the  constitution  essentially  of 

Eropylyte,  that  is,  it  consists  mainly  of  a  plagioclase  feldspar  and 
omblende;  and  the  physical  differences  drawn  out  on  page  183 — 
such  as  a  purer  eray  color,  the  hornblende  in  coarser  crystalliza- 
tions, etc— are  leeble  in  kind  and  decree.  The  analyses,  nowever, 
give  it  about  60  or  61  per  cent  of  silica,  and  this  would  make  the 
feldspar  of  the  rock  to  contain  four  to  five  per  cent  less  of  silica. 
Andesyte,  moreover,  has  sometimes  a  pasty  or  semi-glassy  ground- 
mass.     It  occurs  with  the  propylyte  at  various  localities. 

Dacyte  is  a  giiartsi^naewtey  and  this  variety  also  occurs  at 
Washoe  and  elsewhere.  The  color  varies  from  light  gray  to 
dark  blackish -brewn.  The  ground -mass  is  often  rhyolitic  and 
sometimes  spberulitic,  and  thus  differs  from  that  of  andesyte  and 
propylyte.  The  analyses  show  that  the  feldspar  contains  relatively 
little  lime,  and  therefore  must  be,  in  the  main,  andesyte  or  oligo- 
clase.  The  quartz,  unlike  that  of  quartz-propyly  te,  shows  no  fluid- 
inclusions  when  microscopically  examined. 

IVachyte  is  described  as  occurring  in  the  vicinity  of  Washoe, 
and  between  there  and  Pyramid  Lake.  The  rock  consists  of  san- 
idin  or  glassy  orthoclase,  but  part  of  it  —  the  older — contains  a 

51affioclase  feldspar  also,  and  thus  graduates  toward  andesyte. 
'ridymite  was  ooserved  in  the  younger  trachyte  in  thin  6-6ided 
plates  grouped  together  in  great  numbers.  A  "  half-glassy-lookinff 
rock"  from  the  Cow  Hills,  between  Sheep  Corral  Cafion  and 
Wadsworth,  of  dark  brownish-black  color,  containing  sanidin.  and 
also  pale  grjeen  augite  with  some  plagioclase  feldspar  and  hom- 
AM.  JouB.  act.— Thibd  Skbibb,  yoL.  XIII,  No.  70.— April,  1877. 
31 
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blende,  is  called  an  augite-trachyte.    It  resembles  in  general  com- 

Eosition  the  augite-syenyte  of  vom  Kath,  which  constitutes  the 
irger  part  of  Mt.  Monzoni  in  the  Sonth  Tyrol     Other  localities 
are  mentioned  of  trachyte  and  of  this  augite-trachyte. 

Rhvolyte  was  so  named  by  Richthofen  in  1860.  It  was  made 
to  include  certain  trachyte-like  or  felsitic  and  more  or  less  glassy 
rocks  which  contained  disseminated  quartz,  and  bore  ''  clearer  evi- 
dence than  other  rocks  of  having  once  flowed  in  a  viscous  state." 
The  more  or  less  Kl^ssy  kinds  comprise  obsidian,  pearlstone,  and 
pumice.  These  ^rkel  designates  glasey  rhyolyte.  Other  Mnds, 
felsitic  and  sometimes  ^orphyritic,  not  appearing  glassy,  but  show- 
ing a  fluidal  structure  in  having  the  ingredients  arranged  in  pajr^ 
allel  wavy  bands,  instead  of  even-grained,  as  seen  in  microscopic 
sections,  he  designates  proper  rhyolyte  ;  and  certain,  ffranite-like 
kinds  (not  observed  among  the  rocks  of  the  40th  paral^l)  he  calls 
nevadyte.  Rhyolyte  is  found  at  several  places  m  Nevada,  and 
many  varieties  are  particularly  described  and  figured.  They  some- 
times contain  disseminated  quartz  crystals  or  grains  as  large  as 
peas.  In  some  the  structure  is  fine  granular  throughout ;  in  others, 
there  are  glassy  lines  or  patches ;  in  others,  spherulites ;  and  some 
are  glassy  throughout. 

Augite-andeeyte  contains  over  58  per  cent  of  silica— in  this  dif- 
fering from  most  igneous  augitic  or  pyroxene  rocks.  A  variety 
firom  west  of  Basalt  Creek,  Washoe,  is  brownish-black,  somewhat 
resinous  in  luster,  with  ^'  white  feldspar  crystals  which  are  seldom 
tabular,^'  and  contains  hyalite  in  its  amygdaloidal  cavities  and 
fissures.  The  base  is  partly  glassy.  The  feldspar  is  partly  ortho- 
clase  (sanidin)  in  twins,  and  partiv  a  triclinic  species,  the  latter 
predominating.  The  percentage  of  silica  was  found  to  be  68*0 16. 
The  same  rock  has  been  observed  on  Tenerifie,  Java,  Chimborazo, 
in  Hungary,  etc.  Augite-andesyte  is  near  the  melaphyre  of  some 
lithologists,  but  differs  in  the  base  being  partly  glassy.  It  shows 
its  relation  to  basalt  by  containing  some  chrysolite.  The  rock 
also  occurs  red,  blackish,  and  of  other  colors. 

BaeaU  is  described  from  various  localities.  In  a  variety  from 
Kawsoh  Mountains,  having  a  structure  'intermediate  between  the 
micro-porphyritic  and  the  even-grained,"  microscopic  aggregations 
of  tridymite  crystals  were  observed,  in  the  form  of  thin  hexagonal 
plates,  partly  overlapping  like  tiles  and  partl;^  in  groups.  This 
IS  the  nrst  time  triaymite  has  been  met  with  in  basalt ;  and  it  is 
remarked  that ''  since  the  basalt  comes  to  the  surface  through  or 
near  strata  of  infusorial  silica,  it  is  not  impossible,  as  Mr.  Clarence 
King  has  suggested,  that  an  included  fragment  of  this  silica  may 
be  the  source  of  the  tridymite,  in  which  case  it  would  of  course 
be  a  substance  originally  foreien  to  basalt." 

Leucite  rocks  are  described  n*om  the  Leucite  Hills,  northwest  of 
Point  of  Rocks,  Wyoming  Territory.  They  are  light  yellowish- 
gray  felsite-like  rocks,  very  rich  in  leucite  crvstals,  and  containing 
augite  in  grains  yet  sparingly,  with  no  teldspar  of  any  kin£ 
They  thus  differ  widely  from  the  European  leucite  rocks. 
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We  here  leave  the  volume.  It  is  a  rich  treasury  of  facts  respect- 
ing American  and  other  igneous  rocks,  and  merits  thorough  study 
in  every  part  by  those  who  would  fully  understand  their  nature 
and  relation.  j.  d.  d. 

3.  Note  upon  the  Connecticut  Valley  Melderberg ;  by  C.  BL 
Hitchcock.  (Conmiunicated.) — At  the  close  of  an  article  upon 
Helderberg  rocks  in  New  Hampshire  (this  Joum.,  Ill,  vol.  vii,  p. 
671),  I  proposed  to  discuss  later  the  relations  of  the  Bemardston, 
Mass.,  Helderberg  limestone  to  the  associated  rocks  in  Hinsdale, 
N.  H.,  and  Vernon,  Vt.  This  has  been  done  fully  in  the  second 
Tolume  of  the  G^eology  of  New  Hampshire,  which  will  be  accessi- 
ble to  the  public  next  June.  I  desire  now  very  briefly  to  state 
my  principal  conclusions.  1.  The  associated  quartzite  and  stauro- 
lite  mica  slates  have  been  satisfactorily  traced  out  to  connect  with 
the  Cods  group  of  New  Hampshire,  as  was  first  suggested  by 
Prof.  Dana  (this  Journ.,  IH,  vol.  vi,  p.  389).  2.  The  limestone  does 
not  certainly  dip  beneath  the  quartzite.  Had  the  section  been 
drawn  a  few  rods  north  the  slates  would  be  found  to  dip  west  and 
the  quartzite  standing  on  edge  and  the  limestone  concealed  by 
soil.  On  the  west  side  of  the  limestone  is  a  west  dip  in  the  quartz- 
ite. These  fects  suggest  the  possibility  of  a  different  interpreta- 
tion from  that  heretofore  universally  given.  The  limestone  may 
be  a  remnant  of  a  once  extensive  deposit  covering  both  the  other 
formations  mentioned,  and  what  remains  is  in  an  inverted  position. 
The  limestone  in  Littleton  overlies  the  quartzite.  3.  If  the  Co5s 
and  Helderberg  strata  are  identical  in  age,  the  hornblende  schist 
near  by  and  the  gneiss  of  Vernon  are  not  necessarily  associated 
with  them,  nor  any  of  the  great  gneissic  areas  of  New  England. 
The  Cods  slates  unconformablv  overlie  the  clay  slates  (Lower  Silu- 
rian or  Cambrian)  of  West  Mountain  and  its  continuation  north- 
ward, as  first  suggested  by  Prof.  Dana.  These  same  slates  rest 
upon  the  Quebec  group  of  Logan  in  the  Littleton  region,  and  these 
in  their  turn  upon  the  same  gneissic  group  as  in  Vernon.  4.  Next 
to  the  Helderberg  the  Cods  rocks  are  the  newest  in  the  Connecti- 
cut valley  all  the  way  to  Canada ;  and  if  they  can  be  proved  iden- 
tical with  each  other,  and  al^o  to  include  the  enormous  calcareous 
area  of  Eastern  Vermont  and  Canada,  called  "  Calciferous  mica- 
schist**  in  the  Vermont  Report,  they  show  that  all  the  rest  of  the 
northern  New  England  formations  are  older,  and  hence  liable  to  be 
of  any  Eozoic  series.  6.  The  Bernardston  region  abounds  with 
examples  of  inversions  of  the  strata.  It  is  impossible  to  propound 
any  consistent  theory  of  structure  here  without  them.  The  same 
is  true  for  the  whole  of  New  Hampshire.  6.  Further  search  in 
the  Littleton  region  enables  me  to  correct  the  statement  of  my 
previous  article.  I  am  satisfied  that  all  the  clay  slates  of  Littleton 
are  of  the  same  age  with  those  of  West  Mountain ;  hence  at  least 
three-fourths  of  the  area  marked  Helderberg  on  my  map  (p.  41 1 ), 
must  be  transferred  to  the  other  series.  7.  The  kinds  and  order  of 
the  Helderberg  rocks  are  essentially  alike  in  the  Littleton  and  Ber- 
nardston fields ;  hence,  by  comparing  the  facts' in  both  regions  better 
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results  are  obtained  than  by  reliance  npon  short  sections  in  either 
one  by  itself. 

Hanover,  N.  H.,  March  16, 1877. 

4.  On  GeologiccU  Time;  by  T.  Mbllabd  Rbade.  Presidential 
Address  before  the  Liverpool  Geological  Society.  28  pp.  8vo. 
Liverpool,  1877.— In  this  paper,  Mr.  Keade  has  used  the  analyses 
of  river  waters  to  determine  the  amount  of  mineral  matter  carried 
in  solution  from  the  land.  He  finds  that  the  amount  of  water  run 
off  the  area  of  England  and  Wales  annually  is  68,450,986,960  tons, 
equal  to  18*8  inches  in  depth  out  of  81*988  inches  of  mean  rainfall, 
leaving  18*7  inches  for  evaporation.  The  amount  of  solids  in  solu- 
tion is  8,870,680  tons,  or  12*28  parts  in  every  100,000  of  water: — 
in  which  are  about  9*50  parts  of  carbonate  and  sulphate  of  lime 
and  magnesia,  1*66  of  chloride  of  sodium,  0*08  of  nitrates  and  0*99 
of  alkaline  sulphates  and  carbonate  of  soda,  silica  and  sesquioxide 
of  iron.  Estimating  the  solids  in  solution  at  15  cubic  feet  to  the 
ton,  the  amount  of  denudation  by  solution  would  be  *0077  feet 
per  century,  or  one  foot  in  12,978  years.  Prestwich  arrived  at  one 
foot  in  18,200  years,  for  the  amount  of  carbonate  of  lime  which 
the  Thames  carries  off  from  the  Chalk,  Upper  Greensand,  OoUtio 
strata  and  Marlstone.  The  Thames,  estimating  the  discharee  at 
8  in.  per  annum,  and  the  total  solids  at  29*26,  as  given  by  rrest- 
wich,  removes  147  tons  per  square  mile  per  annum;  and  the 
denudation  over  England  148*5  tons. 

Mr.  Reade  makes  similar  calculations  for  the  rivers  of  Europe, 
and  finds  that  the  Rhine  removes  about  92*8  tons  per  square  mile; 
the  Rhone  about  282  tons;  the  Danube  about  72*7  tons:  giving 
an  average  for  the  three  rivers  of  90  tons  per  square  mile.  The 
Garonne  removes  142  tons  per  square  mile ;  the  Seine  about  97 
tons.  From  these  data  the  conclusion  is  reached  that  probably 
over  the  world  about  100  tons  of  rocky  matter  are  dissolved  by  rain 
per  English  square  mile  per  annum :  of  which,  as  near  as  can  now 
oe  estimated,  50  tons  may  be  carbonate  of  lime,  20  tons  sulphate 
of  lime,  7  silica,  4  each  carbonate  and  stdphate  of  magnesia, 
chloride  of  sodium,  and  6  alkaline  carbonates  and  sulphates. 

The  amount  of  detritus  brought  down  annually  by  the  Danube 
is  about  •sjftfj  of  the  water,  or  three  times  the  calculated  amount  of 
solids  in  solution ;  that  of  the  Mississippi,  according  to  Hum- 
phreys and  Abbott,  ^^^  of  the  water.    Mr.  Reade  adds : 

''If  we  were  to  take  the  solids  removed  mechanically  at  six 
times  those  in  solution,  which  is  a  very  high  estimate,  we  should 
have  over  the  whole  of  the  ^lobe  600  tons  of  denuded  matter 
annually  per  sq^uare  mile.  Taking  the  sedimentary  crust  of  the 
earth  at  ten  miles  thick  throughout— a  moderate  estimate — ^and 
allowing  for  the  denudation  of  nie  sea  and  the  amount  added  to 
sediments  by  volcanic  eiections,  matter  equal  to  one-third  that 
which  is  denuded  from  the  land,  we  should  have  annually  removed 
and  deposited  matter  equal  to  800  tons  per  square  mile  of  land 
surface,  or  40,800  million  tons  annually.  The  total  surface  of  the 
globe  is  197  millions  of  English  square  miles.    A  cubic  mile  of 
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rock  at  13^  feet  to  the  ton  would  weigh  10,903^552,000  tons,  so 
that  to  cover  the  whole  surface  of  the  globe  one  mile  deep  with 
sediment  from  the  land  at  the  rate  of  800  tons  per  square  mile  of 
land  surface,  would  take  52,647,052  years,  or  526  million  years  in 
round  numbers  for  ten  miles  deep.'* 

5.  Tlie  Carboniferous  and  Permian  a  continuous  formation 
in  Bohemia. — A  paper  full  of  details  as  to  fossils  is  published  by 
Dr.  Feistmantel  in  the  Geological  Magazine  for  March,  in  which 
the  author  proves  that  "  in  Bohemia  (certainly  also  in  other  local- 
ities) there  is  no  strict  boundary  between  the  Carboniferous  and 
P^'mian ;  on  the  contrary,  that  these  formations  are  in  very  close 
connection,  as  is  shown  in  the  association  of  a  flora  of  Carbonifer- 
ous character  with  animals  mostly  of  Permian  character,  in  the  Gas- 
coals  of  the  Pilsen  and  Eladno-Kakouitz  basins.''  In  the  Pilsen 
coal-basin  the  gas-coal  contains  the  Permian  animal  fossils,  Xenor 
canthue  Decheni^ "  one  of  the  best  Permian  species,"  an  Acanthodes 
near  A,  grcunlis  R5m.,  a  PalceoniscuSy  Uronectes  (Gampsonyx) 
and  other  species;  and  there  are  among  fossil  plants,  Lepido- 
dencbron  dichotomum  Stbg.,  Sagenaria  elegans  Stbg.,  Knorria^ 
L^idophyUum  mqjua  Brgnt^  Sigillaria  distans  Stbg.,  species  of 
CyehpteriSy  Odontopteris,  NeuropteriSy  about  nine  Carboniferous 
species  of  SphenopteriSy  four  Carooniferous  species  of  Cyatheites^ 
toree  of  AkthopteriSy  eta  Similar  facts  are  reported  from  the 
other  district  referred  to. 

6.  Revue  de  Geologie  pour  lee  Annies  1874-1875,  Vol  XIII; 
by  M.  Dblsssb,  Ingenieur-en-Chef  des  Mines,  et  M.  de  Lappabbnt, 
Ingenieur  des  Mines,  Profl  GreoL  252  pp.  8vo,  with  a  colored 
agricultural  chart  of  France  showing  its  agricultural  products,  by 
M.  Delesse.  1877. — From  this  valuable  Geological  Annual,  bring- 
ing up  the  review  of  geological  memoirs  and  discoveries  to  the 
middle  of  1875,  we  cite  the  following: 

JFkldspathic  rocks  under  the  solvent  action  of  watery  carbonated 
wat&rs  and  other  reagents  in  solution. — M.  Truchot  subjected  a 
series  of  Auvergne  rocks  in  powder  for  several  days  to  water 
charged  with  carbonic  acid  unaer  a  pressure  of  eight  atmospheres, 
and  obtained  the  following  percentage  results : 

Whole  am't  OaO  K.O  P,Os 

dissolved,  removed,  reoooved.  removed. 

Oitmite  of  Montaigni 0*80  ...  010 

Gkanite  of  Trezioux 090  ...  0-09 

LavaofYolvic 1*75  025  008  trace 

Domite,  Puj  de  Dome 1*82  tr.  0*06  tr. 

Trachyte  of  Mt  Dore 2*90  tr.  018  tr. 

The  trachyte  was  most  readily  attacked,  especially  its  silica,  and 
this  accounts  for  the  frequent  occurrence  of  opal  and  other  siliceous 
deposits  in  the  fissures  of  this  rock. 

M.  Cona,  exposing  the  syenite  of  Bielle,  finely  pulverized,  to 
water,  dissolved  0*18  per  cent  att  the  ordinary  temperature,  and 
0-42  at  100®  C. ;  to  water  saturated  with  COg,  dissolved  0*63  per 
cent;  to  water  saturated  with  sulphate  of  lime,  0*48  per  cent. 
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Orthoclase  feldspar  has  been  exposed  to  different  solutions  by 
A.  Beyer,  aided  by  Bimer,  Ulbricht  and  Heinrich  (Arch.  Pbarm. 
n,  cl,  193).  A  kilogram  finely  pulverized  was  put  each  time  in 
two  liters  and  a  half  of  water  or  certain  solutions,  and  kept  so  for 
about  five  months— out  of  contact  with  the  air.  The  weight  in 
grams  dissolved  in  the  2^  liters  of  water  for  the  different  liquids 
was  as  follows : 

Equiv.  K,0     Na,0     GaO       MgO    9e,Sl     SiO, 

Distilled  water 0-051     0-078     0-068     0006      0*049 

Carbonic  acid  in  water      ..     0071     0*114     0076     0004     0009     0-069 

Lime 01     0-209     0174     0*067     0-OOS     0-008     0061 

Magnesia 10     0*369     0*315     0*013     0-004      0*159 

Magnesia  and  GO,  ...     10     0*312     0*256       fr.        0*569      ...       0-048 

Gypsum 0*2     0053      0*074     1-906     0016       0-033 

Sulphate  of  ammonium     0*2     0*161     0*094     0122     0*036       0'066 

Chloride  of  sodium...     0*2     0163       0-091     0*008     0-004     0K^32 

The  results  are  of  much  interest,  showing  that  common  salt  and 
sulphate  of  ammonium,  products  that  are  usually  in  the  soil,  in- 
crease much  the  dissolvmg  power  of  water;  and  still  more  do 
lime  and  magnesia — these  bases  separating  the  alkalies.  Lemberg 
has  shown  that  b;^  the  action  of  sulphate  of  magnesia  on  the 
zeolites,  operating  in  closed  tubes  with  heat,  they  were  changed 
to  hydrous  silicates  of  magnesia ;  apophyllite  bein^  thus  changed, 
losing  in  the  process  all  but  a  few  hundredths  of  its  lime.  Such 
facts  are  of  great  interest  in  connection  with  the  subject  of  the 
origin  of  serpentine  pseudomorphs. 

7.  A  fossU  Saurian  Vertebra  from  the  Arctic  Regions. — Prof. 
A.  LsrrH  Adams  has  named  the  Saurian,  a  vertebra  of  which  was 
brought  from  Rendezvous  Point,  Byam  Martin  Channel,  by 
Admiral  Sherard  Osbom,  Arctosaurus  Osbomi.  It  is  "in  all 
probability  one  of  the  middle  cervicals  of  a  Saurian  with  biconcave 
vertebr®,'' between  ten  and  twelve  feet  long,  agreeing  "better 
with  Lacertilia  than  Crocodilia."  Sir  Edward  Belcher,  Sir  L.  Mo- 
Clintoc,  and  Admiral  Osbom  brought  many  fossils  from  the  group 
of  islands  lying  between  North  Cornwall  and  North  Devon. 
Among  others  were  remains  of  Ichthyosaurus,  determined  by 
Prof.  Owen,  and  said  to  be  from  Lias  becls ;  and  these  are  the  only 
Arctic  Reptilian  remains  hitherto  described. 

8.  FomU  Vertebrates  from  the  Fort.  Union  beds  of  Montana. — 
Prof.  £.  D.  Cope  has  described  the  following  species  in  the 
Proceedings  of  the  Philadelphia  Academy  of  Natural  Sciences,  for 
1876,  p.  248:  Aublysodon  lateraliSy  IxxHaps  incrassatus^  X. 
eaptanatusj  L.  falcubts^  Dysganus  enaiustus  (a  herbivorous  Dino- 
saur), D,  Haydeniamis^  D.  bicarinatus^  D.  peiganuSy  Diclonitts 
peniagontts  (allied  to  Hadrosaunis)^  D.  perangulatuSy  D.  ccU- 
mariuSy  Monodonius  crassus  (near  Hadrosavrus)^  Paronychodon 
kumstris  (near  Flesiosauru^j  all  based  on  specimens  of  teeth ;  also 
Compsemys  imbricaritM,  C.  variolosus^  Polythorax  Missuriensis^ 
Sedronchus  Sternbergiiy  Ceratodus  cruciferuSj  C.  hieroglyphuSy 
Myledaphus  bipartitus. 
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9.  A  Teost4>ooh  of  Mineralogy^  with  an  extended  Treatise  on 
OrystaUography  and  Physical  Mineralogy  ;  by  Edward  Salis- 
bury Dana,  Curator  in  Mineralogy,  Yale  College.  On  the  plan 
and  with  the  cooperation  of  Prof.  James  T).  Dana.  486  pp.  large 
8vo,  with  over  800  wood-cuts  and  a  colored  plate.  New  York, 
1877.  (John  Wiley  A  Sons,  15  Astor  Place). — ^This  work  is  in- 
tended for  a  class-book  in  the  science.  One  half  is  occupied  with 
the  subjects  of  Crystallography,  Physical  Mineralogy,  and  Chem- 
ical and  Determinative  Mineralo^,  and  the  other  half  with  the 
Descriptions  of  species  and  a  Catalogue  of  American  localities. 
The  subjects  of  crystallography  and  optical  mineralogy  are  treated 
at  much  length  in  order  that  the  student  may  have  at  hand  the 
means  of  acquiring  the  special  knowledge  demanded  for  complete 
investigations ;  and  illustrations  and  descriptions  of  the  best  instru- 
ments are  given  for  the  same  purpose,  besides  numerous  diagrams 
and  figures  of  crystals.  About  seventy  pages  are  devoted  to 
descriptive  crystallography,  over  twenty  to  mathematical  crystal- 
lography after  Nauman's  system,  and  as  many  more  to  the  same 
after  Miller's  system,  each  of  which  subjects  is  very  fully  illustra- 
ted by  figures ;  and  the  chapter  on  optical  characters  extends  to 
thirty-five  pages.  Besides,  ther6  are  lists  of  recent  works  and 
memoirs  on  the  various  subjects  considered  under  Physical  Min- 
eralogy. 

The  Descriptive  part  of  the  volume  follows  in  its  classification 
essentially  that  of  the  last  edition  of  the  system  of  Mineralogy, 
and  is,  in  the  main,  a  condensation  of  that  work.  But  all  new 
species  introduced  since  the  date  of  its  publicati(»n  have  been  in- 
serted. The  more  important  species — about  half  of  all  known — 
are  described  at  lengtn  (though  with  few  analyses,  and  often  only 
the  percentage  composition),  and  the  rest  more  briefly. 

The  preparation  of  this  text-book,  as  the  Preface  states,  was 
begun  by  Professor  Dana  shortly  after  the  appearance  of  his  larger 
work.  6ut  it  was  interrupted  before  the  crystallograpliic  part 
was  completed ;  and  in  that  state  it  has  remained  until  taken  up 
within  the  year  past  by  Mr.  Edward  S.  Dana.  To  Mr.  Dana  is 
due  a  revision  of  the  crystallographic  chapter,  with  some  important 
modifications,  the  chapter  on  Miller's  System,  the  section  on 
Optical  mineralogy,  the  notes  on  all  new  species,  and  a  general 
review  of  the  whole  subject,  bringing  in  results  from  recent  pub- 
lications. 

For  the  full  synonymy  of  the  mineral  species  and  the  histoiy  of 
that  synonymy,  extended  descriptions  of  American  and  foreign 
localities,  tables  of  the  many  chemical  analyses  of  minerals  that 
have  been  made  from  the  earliest  times,  notes  on  the  alterations  of 
minerals  and  occurring  pseudomorphs,  and  some  other  points  the 
reader  will  still  have  to  look  to  the  System  of  Mineralogy  and  its 
Supplements. 

10.  /Second  PreHlminary  Report  on  the  Mineralogy  of  Pennsyl- 
vania, by  F.  A.  Genth  ;  with  analyses  of  mineral-spnng  waters. 
Harrisburg,  1876. — ^This  is  a  report  of  progress,  embodying  the 
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work  done  upon  the  mineralogy  of  Pennsylvania  dnring  the  year 
1875.  It  contains  a  considerable  namber  of  new  analyses,  mostly 
of  minerals,  also  of  rocks,  mineral  waters  and  natural  gases. 
Amonff  other  points  Dr.  Glenth  shows  that  the  ^^  mdanoH^riUT 
of  Cooke  is  "  not  a  good  species,  but  simply  an  impure  variety  of 
hydrated  iron  sesquioxide,  probably  limonite."  The  "  easHnite^ 
fix)m  Blue  Hill,  Delaware  Co.,  described  by  Lea  as  a  variety  of 
orthoclase,  is  shown  to  contain  3*7  p.  c  baryta ;  the  mean  of  three 
analyses  gave:  Silica  62*60,  alumina  19*97,  iron  sesquioxide  0*12, 
magnesia  0'02,  lime  0-19,  strontia,  tr.,  baryta  3;71,  soda  4*48,  pot- 
ash 900,  ignition  O'l  9=  100-23.     Specific  gravity  2*692.    e.  s.  d. 

11.  Bruf  Notices  of  some  newly  described  minerals.  Ludlamite^ 
— Occurs  in  small  monoclinic  crystals,  with  distinct  basal  cleav- 
age. Hardness  8 -4.  Specific  gravity  3'12.  Color  clear  n-een; 
transparent.  Its  composition  is  expressed  by  the  formula  2Fe,P2 
Og+HgFeOa+Saq,  which  requires :  Phosphorus  pentoxide  29*88, 
iron  protoxide  53*06,  water  17*06=100.  The  formula  of  vivianite, 
to  which  it  is  related,  is  Fe.PjOg+Saq.  Ludlamite  occurs  in  some 
of  the  mines  of  Cornwall,  England,  associated  with  vivianite, 
siderite,  pyrite,  arsenopyrite,  etc — {Meld,  PhiL  Mag,,i9in.y  1877.) 

Strengite, — Occurs  usually  in  spherical  incrustations  with  a 
radiated  structure,  and  a  drusy  surface;  also  rarely  in  ortho- 
rhombic  crystals  of  tabular  fonn.  Hardness  3-4.  Specific  gravity 
2*87.  Color  white,  in  some  varieties  bright  carmine-red,  m  crys- 
tals also  colorless.  Transparent  to  translucent.  Composition 
expressed  by  the  formula  *^ePg0^4-4aq,  which  requires:  Phoe- 
phorus  pentoxide  37*97,  iron  sesquioxide  42*78,  water  19*25=100. 
In  form  and  comnosition  it  is  allied  to  scorodite  (FeAs^Og+^^Kl)- 
Strengite  is  founol  with  cacoxenite  at  the  iron  mine  Eleonore  near 
Giessen.— (iW6«,  Jahrh,  Min.,  1877,  8.) 

Pelamte. — The  name  pelagite  is  given  provisionally  by  Prof. 
A.  H.  Church  to  the  material  constituting  the  ^^  manganese  nod- 
ules" obtained  by  the  Challenger  in  deep-sea  soundmss  in  the 
Pacific.  An  analysis  afforded  the  following  results:  llanganese 
dioxide  30*22,  iron  sesquioxide  20-02,  alumina  3*30,  silica  10-37, 
chlorine  0*71,  Mg,  Ca,  Na,  etc.,  0*83,  water  lost  below  lOO''  24*55, 
lost  at  a  red  heat  10*00=100.  It  will  be  seen  that  the  nodules, 
if  homogeneous,  have  a  complex  chen)ical  composition,  and  by  no 
means  consist  essentially  of  ^'  nearly  pure  peroxide  of  manganese,^ 
as  had  been  reported.  As  stated  by  Prof.  Church,  the  further 
analysis  of  additional  material  is  needed  before  the  name  pelagite 
can  be  fairly  accepted. — ( Churchy  Afineralogical  Magazine,  No.  2, 
p.  50,  Nov.,  1876.) 

Lawrendte, — M.  Daubr^e  has  given  the  name  latoreticite  to  the 
protochloride  of  iron,  the  presence  of  which  he  has  detected  in 
the  Greenland  meteoric  iron.  It  was  earlier  separated  by  Dr.  J. 
Lawrence  Smith  from  the  Tennessee  meteoric  iron,  and  the  name 
is  ffiyen  in  honor  of  him. — ( C.  jR.,  Jan.,  1877.) 

Mydrocastorite. — G.  Grattarola  of  Florence  has  observed  a 
white  mealy  material  surrounding  the  castorite  of  Elba,  and  he 
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makes  it  a  new  mineral  nnder  the  name  hydrocastorite,  it  havin(^ 
been  derived  from  the  decompoBition  of  castorite.  It  is  in  part 
compact,  in  part  it  is  made  up  of  an  aggregate  of  fine  needle-like 
crystals.  Its  composition  is  shown  by  the  analysis:  Silica  69*59, 
alumina  21-35,  lime  4-38,  water  14-66=99-98. 

GhuMnqjiuUUie, — ^The  snlpho-selenide  of  bismuth  from  Guana- 
juato, Mexico,  partially  described  by  Castillo,  (1873),  and  later 
.  fully  described  DY  Frenzel  (Jahrb.  Min.,  1874,  679),  was  named 
frenzelUe  in  the  Second  Appendix  to  Dana's  Mineralogy  (1875,  p. 
22).  It  seems,  however,  tnat  the  same  mineral  was  at  nrst  named 
gti<mc0tujUUe  by  Fernandez,  who  described  it  in  full  in  the  Guana- 
juato paper,  "  La  RepAblica"  for  July  13th,  1873.  The  latter 
name  should  consequently  be  accepted  instead  of  the  name  fren- 
zdite.  The  description  by  Professor  Fernandez  differs  from  that 
of  others  in  that  he  makes  the  mineral  solely  a  bismuth  selenide 
(Bi^Se.),  and  attributes  t^e  presence  of  a  small  amount  of  sul- 
phur, shown  in  his  analyses,  to  the  admixture  with  a  little  pyrite* 
The  material  analyzed  oy  Frenzel  received  the  formula  2Bi2oe3-|- 
Bi-Sj. 

Mlaonite. — ^In  the  paper,  "  La  RepAblica,"  for  Dec.  23d,  1873, 
Professor  Fernandez  describes  a  second  bismuth  selenide  from  the 
same  locality,  the  Santa  Catarina  mine  at  Guanajuato.  It  has  a 
lead-gray  color,  and  is  compact  in  structure.  Its  hardness  is  a 
little  less  than  that  of  calcite;  its  specific  gravity  6'428— 6*45. 
The  results  of  several  analyses  upon  material  more  or  less  pure 
led  to  the  conclusion  that  the  chemical  composition  is  expressed 
by  the  formula  BigSe.  b.  s.  d. 

1 2.  Zeitechrift  fii/r  KryetaUographie  und  Mineralogie  ;  vol.  i, 
No.  1,  1877. — ^The  first  number  of  this  new  Journal,  recently 
received,  admirably  fulfills  the  promises  made  in  the  Prospectus. 
(See  p.  162  of  this  volume.)  It  contains  the  following  original 
articles:  Mineralogical  contributions  by  G.  vom  Rath ;  description 
of  some  immense  enstatite  crystals  from  Bamle,  Norway,  by  W. 
C.  Brdgger  and  G.  vom  Rath ;  on  the  crystalline  form  of  lanarkite, 
bj  A.  Schrauf ;  on  the  regular  grouping  of  quartz  crystals  on  cal- 
cite, by  E.  S.  Dana ;  on  the  dimorphism  of  hydrochinon  and  para- 
nitro  phenol,  bv  O.  Lehmann ;  a  manganese  variety  of  tremolite, 
by  G.  A  .Koenig ;  on  the  form  of  crystals  of  barium  sulphate,  etc., 
by  H.  Baumhauer ;  on  the  schorlomite  from  the  Kaiserstuhl,  by 
JiL  Knop.  In  addition  to  the  above  articles,  a  series  of  notices 
and  extracts,  upwards  of  thirty  in  number,  and  covering  as  many 
pases,  follow.  These  are  derived  from  a  great  variety  of  sources, 
and  form  not  the  least  valuable  part  of  the  number.  Under  the 
able  editorship  of  Professor  Groto,  it  cannot  be  doubted  that  the 
new  Journal  will  always  maintain  the  high  character  it  has  at  its 
commencement.  e.  s.  d. 

13.  Veber  den  inneren  Zusammenhang  der  verschiedenen  Krya- 
tallgeetalUen  des  KaVcapaths^  von  Dr.  F.  Schabff  ;  61  pp.  4to,  with 
five  plates.  Frankfort,  1876. — ^The  memoirs  previously  published 
by  Dr.  Scharff  upon  the  interior  crystalline  structure  of  several 
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mineral  species,  as  quartz,  feldspar,  ffyf>8am,  bare  been  most  valu- 
able contributions  to  tbe  subject  of  Crystallogeny ;  and  the  same 
is  eminently  true  of  tbe  present  memoir  upon  Calcite.  Dr. 
ScharfT  describes  with  great  care  and  minuteness  tbe  results  of  bis 
observations  upon  a  large  series  of  calcite  crystals,  and  the  de- 
scriptions are  nirther  elucidated  by  many  excellent  figures.  His 
attention  was  especially  directed  to  those  cases  in  wmch  the  for- 
mation of  the  crystals  was  incomplete,  or  had  been  in  some  way 
interrupted,  and  n*om  these  sources  he  draws  his  conclusions  as  to 
the  method  of  formation  of  the  crystals,  and  tbe  conditions  deter- 
mining their  growth.  b.  b.  d. 

14.  Upon  me  Chemistry  and  Composition  of  ths  Porcelain  and 
Porcelain-rocks  of  Japan;  by  Henry  Wurtz. — Dr.  Wurtz  has 
published,  in  a  recent  number  of  the  American  Chemist,  a  paper  of 
some  length  upon  the  porcelain-making  of  the  Japanese,  prepared 
by  him  in  his  capacity  as  Judge  in  one  of  the  departments  of  the 
Centennial  Exhibition.  He  ^ves  a  description  of  the  occurrence 
of  the  materials  in  Japan,  and  the  methods  emjjloyed  in  the  prepa- 
ration of  the  porcelain  from  them.  The  chemical  composition  of 
both  the  natural  materials  in  their  different  yarieties  and  the  man- 
ufactured products  are  also  given  at  length  in  a  deries  of  analyses. 

m  Botany  and  Zoology. 

1.  Dictionnaire  de  Botanique^  par  M.  H.  Baillon,  Paris. 
(Hachette  &  Cie.) — We  noticed  the  first  fascicle  at  the  time  of  its 
appearance.  The  second  and  third  are  now  received,  reaching  to  p. 
240,  and  to  the  article  Apothecium;  so  that  about  800  pages  will  be 
devoted  to  the  first  letter  of  the  alphabet.  The  work  must  needs  be 
voluminous,  for  it  is  a  veritable  encyclopedia,  and  various  articles 
have  developed  almost  into  treatises,  with  profuse  and  excellent 
wood-cut  illustrations.  The  main  articles  of  this  sort  in  the  pres- 
ent fascicles  are  Albumeny  AlettronCy  AlgcBy  Aliments  des  plantes^ 
Altemance  des  ginirationSy  Amidon  (starch),  Androcie  (which 
should  be,  as  M.  Littrfe  says,  Andrcecie^  under  which  synonym  only 
is  the  proper  derivation  given),  AntMrCy  AntheridiCy  and  Anther- 
ozoides.  The  work  improves  as  it  advances,  and  if  in  danger  of 
being  too  bulky,  it  is  certainly  low-priced,  considering  execution, 
and  fullness  of  illustration. 

Under  Ainslioeay  by  some  mischance,  it  is  said  that  to  this  im- 
perfectly known  genus,  Parthenice  Tor.  &  Gray  probably  belong ; 
and  over  the  leaf  there  is  something  equally  confounding  under 
Aiolotheca,  The  explanation  is  that  the  last  five  lines  of  the  two 
articles  have  been  accidentally  transposed  in  manuscript  or  type, 
and  then  one  word  altered  in  proof-reading.  a.  g. 

2.  Flora  Fossilis  Arctica  ;  Die  Fossile  Flora  der  Polarldnder^ 
von  Dr.  Oswald  Heer,  Vierter  Band,  mit  65  Tafeln,  4to,  Zurich, 
J.  Wurster  A  Comp.  1877. — This  fourth  volume  of  a  classical,  and 
to  us  particularly  interesting  work,  is  a  collection  of  three  memoirs. 

First,  Beiti^e  zur  fossilen  Flora  Spitzbergens ;  with  a  geological 
appendix,  by  Frof.  Nordenski5ld.    This  belongs  to  the  fourteenth 
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Tolmne  of  the  memoirs  of  the  Royal  Swedish  Academy  of  Soieoces, 
Stockholm,  no.  5,  issued  in  1876. 

Second,  Beitr&ge  zur  Jura-Flora  Ost-Sibiriens  nnd  des  Amur- 
Imndes,  is  from  the  memoirs  of  the  Imperial  Academy  of  Sciences, 
of  St.  Petersburg,  vol.  xxii,  issued  in  1876. 

Third,  A  small  part,  with  only  two  plates,  Ueber  die  Planzen- 
Versteinerungen  Von  And5  in  Norwegen,  apparently  has  not  else- 
where appeared. 

This  East  Siberian  Jurassic  flora  is  rich  in  Gingkos  (seven 
species),  with  some  allied  Taxineous  genera,  as  well  as  some 
TaxodiecBj  more  AhietinecB^  and  three  Monocotyledons  (Pandaneoi). 
The  Spitsbergen  deposits  referred  to  that  era,  furnish  six  or  seven 
species  or  forms  of  Gingko,  three  Pines,  and  a  sort  of  Bamboo ; 
the  Cretaceous,  three  or  four  Pines,  Sequoias,  a  Torreya^  etc. ;  and 
the  Miocene  has  Taxodium^  OlyptostrohvSy  Sequoiay  Cyperus^ 
Carexy  Maianthemum^  Alisma,  seven  Poplars,  two  Alders,  three 
Hazels,  a  Hornbeam,  a  Beech,  four  Oaks,  an  Elm,  a  Plane-tree, 
an  Ivy,  five  sfecies  of  ComuB^  two  of  Ny8$a^  and  a  Nysaidium^ 
two  of  Magnolia^  a  Parrottiay  a  TUia^  three  Maples,  a  Mcelrevctera^ 
three  Hawthorns,  and  a  veritable  fossil  strawberry !  a.  g. 

3.  Proceedings  and  Transactions  of  the  Notsa  Scotia  Institute 
of  Natural  Science^  vol.  iv,  part  2,  1877. — ^This  part  is  rather  rich 
botanically.  Professor  Sommers  institutes  an  el  aoorate  comparison 
between  the  flora  of  Nova  Scotia  and  that  of  Colorado.  Kev.  E. 
H.  Ball,  gives  an  interesting  and  readable  account  of  the  Ferns  of 
Nova  Scotia.  Prof.  Lawson,  in  notes  upon  some  Nova  Scotian 
plants,  takes  up  the  CaUuna  vulgaris  question,  enumerates  the 
known  stations  in  the  provinces,  and  the  circumstances  and  condi- 
tion of  most  of  them ;  and  conclude^  that  while  one  or  two  of 
them  may  be  artificial,  **  it  has  been  originally  a  native  indigenous 
plant,"  and  "  that  the  various  traditions  as  to  the  foreign  origin  of 
the  heather,  are  not  unlikely  to  have  been  suggested  by  the  desire 
to  account  for  the  presence  of  what  was  regarded  as  necessarily  a 
foreign  plant,  rather  than  by  actual  historical  facts.'*  There  are 
several  communications  relating  to  Rhododendron  maximum^ 
which  has  its  northern  and  eastern  limit  in  Nova  Scotia.  Finally, 
Professor  Sommers  gives  a  catalogue  of  the  plants  of  the  Province* 

A.  G. 

4.  Lady  Smithy  the  widow  of  Sir  James  Edward  Smith,  and  his 
survivor  for  almost  half  a  century,  died  on  the  third  of  February 
last.  She  was  bom.  May  11,  1773.  An  authenticated  copy  of  the 
register  of  her  baptism  was  printed  in  the  London  Times  (which 
has  been  skeptical  about  centenarians)  along  with  an  interesting 
biographical  notice.  There  is  no  room  for  doubt  that,  if  she  had 
survived  three  months  longer,  she  would  have  been  104  years  old. 
She  not  only  lived  long  but  enjoyed  life  to  the  last.  She  wrote  a 
clear  and  firm  haiid,  at  least  up  to  her  hundredth  year ;  her  eye- 
sight of  late  failed  only  so  far  tnat  she  was  unable  longer  to  read 
or  guide  her  pen ;  **  her  hearing  was  at  worst  only  a  little  hard,** 
her  teeth  were  almost  perfect,  and  her  memory  was  nearly  unim- 
paired.    Since  Dr.  Torrey's  death,  probably  the  only  surviving 
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correspondent  of  her  husband  is  Dr.  Jacob  Bigelow,  who  on  the 
27tb  of  February  attained  the  age  of  90.  a.  g. 

5.  Joseph  de  I^otaria^  the  distinguished  Italian  Bryologist,  who 
was  bom  on  the  5th  of  May,  1806,  and  who  was  lately  transferred 
from  the  chair  of  botany  in  the  University  of  Grenoa,  to  that  at 
Rome,  died  on  the  22d  of  January  last.  a.  g.^ 

6.  Recent  Papers  an  Fungi, — The  following  are  articles  of  in- 
terest, which  have  recently  appeared : 

(1.)  Reproduction  des  Ascomi/oeteSj  par  M.  Max  Coenu, — 
Annales  des  Sciences  Naturelles,  6*^  S^rie.     Tome  iiL 

(2.)  Beitrdge  zur  Kenntniss  der  Pycniden  1 ;  von  Dr.  Hebmank 
Baukb. — In  the  two  papers  by  Comu  and  Bauke,  an  attempt  has 
been  made  to  discover  the  nature  of  the  organs  known  as  spermatiUy 
tftyloaporeSy  Hndpycnidia.  The  two  last  named  organs,  since  the 
publication  of  Tulasne's  Carpologia,  have  been  generally  admitted 
to  be  secondary  forms  of  species  of  Ascomycetes.  Certain  cases, 
however,  seemed  to  point  to  the  conclusion  that  some  pycnidia 
were  independent  organisms,  and  it  was  to  settle  t^  point  that 
Dr.  Bauke  made  his  mvestigations.  His  method  consisted  in  the 
artificial  cultivation  of  different  spores,  and  resulted  in  a  general 
confirmation  of  Tulasne's  views.  The  observations  of  Cornu  have 
extended  over  several  years ;  and,  in  regard  to  the  spermatia,  he 
comes  to  the  conclusion  that  they  cannot  be  considered  male  or- 
gans. He  has  observed  that  they  germinate,  and  thinks  that  they 
must  be  regarded  as  a  form  of  stylospore.  Although  contrary  to 
the  view  generally  maintained  as  to  the  nature  of  spermatia,  and 
to  the  views  expressed  by  Stahl  in  the  Bot.  Zeitung,  Mar.  20,  1 874, 
Comu's  view  coincides  with  what  has  recently  been  published  in 
the  Bot.  Zeitung  and  Comptes  Rendus  with  regard  to  the  sup- 
posed spermatia  of  species  Of  Copiinus  by  Brefeld  and  Von  Tle- 
ghem.  The  reason  why  the  germmation  of  spermatia  has  not  been 
seen  until  recently  is  explained  by  Cornu  by  the  flEU^t  that  most 
cultures  of  spermatia  have  been  made  with  pure  water,  whereas 
the  presence  of  some  special  nutritive  fluid,  as  solution  of  gum, 
bark,  etc.,  seems  to  be  necessary.  Comu  was  led  to  this  conclu- 
sion by  noticing  that,  when  sown  on  a  glass  slide,  under  a  cover- 
glass,  the  spermatia  germinated  more  readily  on  the  side  next  the 
gummed  laoeL 

(3.)  Uieber  den  OiUerrost  der  Bimbdume  und  seine  Bekdrnp/- 
ung;  von  Dr.  G.  Erameb;  An  interesting  paper  in  the  Schweir- 
eriscbe  landwirthschaflliche  Zeitschrift  on  a  disease  of  pear  trees, 
caused  by  Rtestdia  canceUcUa  Rebent,  which  Dr.  Kramer  agrees 
with  Oersted  in  considering  a  form  of  Podesoma  fuscum  Duby 
occurring  on  Juniperus  sahtna^  L.  w.  G.  f. 

7.  Destruction  qf  Forest  Trees  by  Mistletoe;  by  E.  S.  Cbozibb. 
(From  letter  to  Editors  dated  Louisville,  Ky.,  March  9,  1 877.) — 
The  American  Mistletoe  {Phorndendronflavescens)  is  very  common 
in  this  latitude  (38^),  and  bids  fair  to  become  an  important  factor 
in  the  forest  culture  of  regions  fevorable  to  its  growth.  It  grows 
luxuriantly  upon  the  branches  of  the  elm  and  black  walnut ;  and 
it  has  increased  to  such  an  extent  that  large  forests  of  the  latter 
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are  now  almost  destroyed.  In  many  sections  this  valuable  timber 
has  entirely  disappeared ;  and  in  others  the  branchless  tronks, 
still  standing,  attest  the  destmotive  effects  of  this  parasite.  As 
soon  as  a  bunch  of  mistletoe  fixes  itself  upon  a  branch,  the  out- 
ward extremity  ceases  to  grow,  and  finally  dies.  The  tree  soon 
presents  a  cluoby  appearance,  followed  by  death.  A  grove  of 
Dlack  walnuts,  just  east  of  this  cit^,  was  notable  a  few  years  a^o 
for  its  depth  of  foliage  and  the  thrifty  growth  of  its  individuals. 
It  is  now  a  picture  of  desolation.  A  few  years  wiU  witness  its 
total  destruction.  The  importance  of  this  subject  to  the  indus- 
trial interests  of  the  countrjr  should  commend  it  to  the  attention 
of  those  interested  in  arboriculture,  in  the  hope  that  some  means 
may  be  devised  for  preventing  the  ravages  oi  this  parasite. 

8.  Median  and  Pavred  JPinSy  a  ContribvHon  to  the  history  of 
Vertebrate  Iambs;  by  James  E.  Thaohbb. — This  memoir  is  from 
volume  iii  of  the  Transactions  of  the  Connecticut  Academy.  It 
is  the  result  of  a  careful  comparison  of  the  fins  of  various  species 
of  fishes  at  early  stages  of  growth,  and  is  illustrated  by  twelve 
plates.  The  view  reached  is  in  opposition  to  that  of  Gegenbaur 
on  the  subiect,  and  is  expressed  thus : 

As  the  dorsal  and  anal  fins  were  specializations  of  the  median 
folds  of  Amphioxus,  so  the  paired  fins  were  specializations  of  the 
two  lateral  folds  which  are  supplementary  to  the  median  in  com- 
pleting the  circuit  of  the  body.  These  lateral  folds,  then,  are  the 
nomologues  of  the  Wolffian  ndges,  in  embryos  of  higher  forms. 
Here,  as  in  the  Median  fins,  there  were  formed  chondroid  and 
finally  cartilaginous  rods.  These  became  at  least  twice  segmented. 
The  orad  ones,  with  more  or  less  concrescence  proximaTly,  were 
prolonged  inwards.  The  cartilages  spreading  met  in  the  middle 
une,  and  a  later  extension  of  the  cartilages  dorsad  completed  the 
limb  girdla 

If  now  we  seek  to  determine  the  form  of  limb  for  the  Protoffna- 
thostomi,  that  is  to  say,  ior  that  time  for  which  the  archipterygium 
in  its  entirety  is  proposed,  we  should  propose  this : 

The  limbs  of  the  Protognathostomi  consisted  of  a  series  of 
parallel  articulated  cartilaginous  rays.  They  may  have  coalesced 
somewhat  proximally  and  orad.  In  the  ventral  pair  they  had  ex- 
tended themselves  mesiad  until  they  had  nearly  or  quite  met  and 
formed  the  hip  girdle.  They  had  not  here  extended  themselves 
dorsal.  In  the  pectoral  limb  the  same  state  of  things  prevailed, 
but  was  carried  a  step  further,  namely,  by  the  dorsal  extension  of 
the  cartilage  constituting  the  scapular  portion,  thus  more  nearly 
forming  a  ring  or  girdle. 

IV.  Astronomy. 

1.  Ekments  ofBoreUy^s  Comet;  by  Aaron  N.  Skinnbb,  Assis- 
tant U.  S.  Naval  Observatory.  (From  a  letter  to  the  editors,  dated 
Washington,  D.  C,  March  18,  1877.) — ^I  have  deduced  the  follow- 
ing elements  of  Borelly's  Comet  from  equatorial  observations 
made  at  this  Observatory,  February  9,  12  and  17. 
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T=  1877,  Jan.  18-p668,  Wash.  M.  T. 
7t  =  174**    15'    32'  ) 
D      4  y 


a  z=  187     10      4   y  Apparent  Equinox,  Feb.  18*7. 
i=162     20     28   ) 
log  g  z=  9-90709 
The  constants  for  computitig  the  rectangular  coordinates  are : 

x'  =  9-90639  sin  (260°-7068+t?)  sec  ^t; 

y'  z=  9-71223  sin  (386**-7634-f-v)  sec  «i» 

V  =  9-79466  sin  (843**-4010+t>)  sec  *\v 
2.  Note  on  t?ie  Photographic  Spectra  of  Stare;  by  William 
HuGGTNS,  D.C.L.,  LL.D.,  F.RS.  (From  the  Proceedings  of  the 
Royal  Society,  No.  176,  1876). — In  the  year  1863  Dr.  Miller,  and 
myself  obtained  the  photograph  of  the  spectrum  of  Sinus.  "  On 
the  27th  January,  1863,  and  on  the  8d  of  March  of  the  same  year, 
when  the  spectrum  of  this  star  (Sirius)  was  caused  to  fall  upon  a 
sensitive  collodion  surface,  an  intense  spectrum  of  the  more 
refrangible  part  Was  obtained.  From  want  of  accurate  adjustment 
of  the  focus,  or  from  the  motion  of  the  star  not  being  exactly  com- 
pensated by  the  clock  movement,  or  from  atmospheric  tremor,  the 
spectrum,  though  tolerably  defined  at  the  edges,  presented  no 
indications  of  Imes.  Our  other  investigations  have  hitherto  pre- 
vented us  from  continuing  these  experiments  further;  but  we 
have  not  abandoned  our  intention  of  pursuing  them."*  I  have 
recently  resumed  these  experiments  by  the  aid  of  the  18-inch 
speculum  belonging  to  the  Royal  Society's  telescope  in  my 
possession.  Considerable  delay  has  arisen  nrom  the  necessity,  for 
these  observations,  of  a  more  uniform  motion  of  the  driving-clock. 
For  this  purpose,  Mr.  Howard  Grubb  has  successfully  applied  to 
the  clock  the  control  of  a  seconds  pendulum  in  electric  connection 
with  a  sidereal  clock.  This  system  works  quite  satisfactorily. 
The  prisms  employed  are  made  of  Iceland  spar,  and  the  lenses  of 
quartz.  After  an  extensive  trial  of  different  photographic  processes, 
preference  has  been  given  to  dry  plates.  The  apparatus  is  so 
arranged  that  a  solar  or  electric  spectrum  can  be  taken  on  the 
same  plate,  for  the  purpose  of  comparison,  with  the  spectrum  of 
the  'star.  Spectra  have  been  obtained  of  Sirius,  Vega,  Venus,  the 
Moon,  etc.  I  do  not  purpose  in  this  preliminary  notice  to  describe 
in  detail  the  arrangements  of  the  special  apparatus  which  has 
been  constructed,  nor  to  offer  the  results  of  the  experiments  in 

M  H.H,     h  a 
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a  Lyrm. 

their  present  incomplete  state  to  the  Royal  Sodety.  Still  I 
venture  to  hope  that,  even  in  this  early  stage  of  the  inquiry,  the 
enlarged  copy  of  the  spectrum  of  Vega  (a  Lyrae)  which  accom- 
panies this  note  may  not  be  regarded  as  altogether  unworthy  of 

•  Phfl.  Trans.,  1864,  p.  43S. 
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attentioiL  After  exposure  to  the  light  of  Ve^,  the  dry  plate 
was  allowed  to  remain  in  the  instrument  until  the  following 
morning,  when  a  solar  spectrum  was  taken  upon  it,  through  the 
half  of  the  slit  which  had  remained  closed  when  the  instrument 
was  directed  to  the  star.  The  photograph  shows  seven  strong 
lines,  all  of  them  slightly  shaded  at  the  sides.  The  two  lines 
which  are  least  refrangible  coincide  with  two  known  lines  of 
hydrogen  in  the  solar  spectrum.  It  is  expected,  by  means  of  an 
apparatus  now  in  the  course  of  construction,  to  obtain  also  any 
£ner  lines  which  may  be  present  in  the  spectrum  of  this  star,  as 
well  as  to  extend  the  photographic  method  to  stars  which  are  less 
bright.  I  need  not  now  refer  to  the  many  important  questions  in 
connection  with  which  photographic  obsenrations  of  stars  may  be 
of  valua 

3.  Tables  of  the  Satellites  of  Jupiter;  by  D.  P.  Todd.  40  pp.  4to. 
— ^Published  for  the  American  Ephemeris  bjr  authority  of  the 
Secretary  of  the  Navy.  The  tables  of  Damoiseau  published  in  . 
1836  give  the  places  of  Jupiter's  satellites  up  to  the  year  1880. 
The  present  tables  are  a  continuation  of  Damoiseau's  by  the  tome 
formulas  and  elements  to  the  year  1900. 

V.  Miscellaneous  Sciei^tific  Intelligence. 

1.  Oeological  Society  of  London. — At  the  Annual  Meeting, 
February  I6th,  the  Wollaston  Gold  Medal  was  presented  by  the 
President  of  the  Society,  to  Mr.  Robbst  Mallbt,  for  his  able 
researches  on  earthquakes,  volcanoes,  volcanic  energy,  and  other 
important  scientific  labors ;  the  Murchison  Medal  to  Rev.  W.  B. 
Claekb,  of  Sydney,  Australia,  for  his  various  geological  discov- 
eries during  the  half  century  nast  in  New  South  W  ales ;  the  Lyell 
M^al  and  part  of  the  LyeU  Fund  to  Jambs  Hbctob,  Director 
of  the  Oeoloflpcal  Survey  of  New  Zealand ;  the  balance  of  the  pro- 
ceeds of  the  Lyell  Fun^  to  Mr.  Pbngbllt,  for  his  explorations  of 
Kent's  Cavern,  • 

At  the  same  time  the  Bigsby  Medal,  founded  last  year  by  Dr. 
Biffsby,  F.RS.,  F.G.S.,  formerly  an  able  worker  in  the  geology 
and  paleontology  of  British  North  America,  was  given  to  Pro! 
O.  C.  Marsh,  of  Yale  College,  "  in  recognition  of  the  great  services 
which  Prof.  Marsh  has  rendered  to  the  paleontology  of  the  Ver- 
tebrates;''  whose  studies  include  "fossil  remains  of  nearly  every 
great  group  of  the  Vertebrata  from  the  Paleozoic,  Cretaceous 
and  Cenozoic  strata  of  the  New  World,''  and  "  are  so  numerous 
and  so  important  as  to  mark  an  epoch  in  this  line  of  research." 

2.  BuWUin  of  the  Bvffalo  Society  of  Natural  Sciences^  voL 
m.  No.  4.  1877. — ^l%is  number  of  the  bulletin  contains  a  check- 
list of  the  fresh-water  fishes  of  North  America  (concluded)  by 
D.  S.  Jordan;  the  Shinumos,  by  F.  S.  Dellenbangh;  on  the 
peopling  of  America,  by  A.  R.  Grote ;  on  the  Hyphomecetous 
Fungi,  oy  M.  C.  Cooke.  Mr.  Grote's  paper  applies  the  idea 
respecting  the   migrations    of   species  in    consequence   of   the 


Digitized  by  VjOOQIC 


826  MiaceUaneous  Intelligence. 

approach  and  retreat  of  the  cold  and  ice  of  the  Glacial  era  (which 
has  been  illustrated  by  different  authors  with  respect  to  plants 
and  animals  generally,  and  in  Europe  as  regards  man)  to  man  in 
North  America,  but  without  any  special  fects  in  proof  of  the 
suggested  migration. 

8.  The  Calif omia  State  Oeologicdl  Society  "has  been  recently 
incorporated  for  the  purpose  of  making  a  collection  of  mineral 
products  of  the  Pacific  coast,"  promoting  the  progress  of  economic 
Geology,  and  **  encouraging  the  study  of  Geology  in  all  its 
branches."  The  President  of  the  Society  is  Mr.  Henbt  G.  Hanks, 
and  the  Secretary  S.  Hetdbnfeldt,  Jr. 

4.  Meteorology  of  Golden^  Colorado^  in  lat.  39"^  44'  24'  N., 
long.  28**  8'  10' W.,  5,618  feet  above  the  sea. — Mean  temperature 
for  1876,  61'64°  F. ;  precipitation  18*36  in.;  mean  temperature  of 
the  warmest  day  80*7  F. ;  do.  of  the  coldest  day  (March  10)  8*^  F. 
above  zero;  mean  temperature  of  the  winter  months,  36*1 8**  F. ; 
spring,  45*00;  summer,  60*90;  autumn,  54*60;  winds  between 
N.E^  and  S.E.  20  to  30  days  for  the  several  seasons,  and  between 
W.,  S.  and  S.E.  20  to  30  days  for  the  several  seasons,  and  between 
N.  and  S.W.,  57  to  72  days  for  the  seasons. — JE  i.  JBerthoudj  in 
Colorado  transcript  for  Jan.  10. 

6.  TTie  American  Microscopical  Society  of  the  City  of  New 
York. — At  the  annual  meeting  held  January  9th,  the  following 
officers  were  elected  for  the  ensuing  year :  Prudent,  John  ]£ 
Rich,  MD.,  1  West  88th  street,  N.  Y. ;  Vice-President,  Wm.  H. 
Atkinson,  M.D.,  41  East  9th  street,  N.  T. ;  Secretary,  O.  G. 
Mason,  Bellevue  Hospital. 

6.  Remarks  on  the  Structure  of  Precious  CJpai— Pro£  Lbidy 
has  an  article  in  the  Proceedings  of  the  Academy  of  Natural  Sci- 
ences of  Philadelphia  for  1876,  p.  195,  on  the  microscopic  structure 
of  the  opal  of  Queretaro,  Mexico. 

7.  Shoal  in  the  Atlantic  300  to  400  miles  northeast  of  J^adeira 
and  130  miles  from,  Cape  St,  Vincent, — Commander  Gorringe,  of 
the  United  States  sloop  Gettysburg,  has  discovered  a  bank  in 
86**  29'  N.  and  11°  38'  W.  with  only  thirty-two  fathoms  wat^r  over 
it,  and  1525  fathoms  to  the  southeast  and  southwest  of  it.  It  is 
about  200  miles  west  of  the  Josephine  Bank  which  has  a  depth  of 
eighty-two  fathoms,  and  lies  nearlv  in  a  line  between  Madeira  and 
Cape  St.  Vincent  Nature^  of  March  1,  gives  a  map  of  that 
portion  of  the  Atlantic  fi'om  Capt  Gorringe's  soundings  and  those 
of  the  Challenger,  in  January,  1878,  and  the  German  frigate 
Gazelle,  in  1874. 

OBlTUAJtY. 

WoLFGANo  Sabtobius  VOX  Waltbbshausbk,  the  distinguished 
author  of  works  and  memoirs  on  volcanic  rocks,  minerals,  and 
phenomena,  including  extended  treatises  on  those  of  Iceland 
and  Etna,  and  Professor  of  Mineralogv  and  Geology  in  the 
University  of  Gdttiugen,  died  on  the  16tn  of  October  last,  at  the 
age  of  nearly  sixty-seven.  He  was  the  author  also  of  memoirs  on 
terrestrial  magnetism,  meteorology  and  paleontology. 
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Abt.  XXX VIL — On  Vortex  Rings  in  Liouids;*  by  John  Trow- 
bridge, S.D.,  Assistant  Professor  of  rhysics.  {Qmtributions 
Jrom  Physical  Laboratory  of  Harvard  Couege,     No.  XVIII.) 

[Presented  at  the  Meeting  of  the  Am.  Acad,  of  Arts  and  Sdenoes,  Mar.  14, 1877.] 

It  has  often  been  observed  by  chemists  that  a  drop  of  colored 
liquid  falling  from  a  burette  into  a  liquid  of  a  diflFerent  specific 
gravity,  in  which  it  can  diffuse,  assumes  the  form  of  a  ring. 
Vortex  motion,  by  the  researches  of  Helmholtz,  Thomson,  Ran- 
kine,  and  Maxwell,  is  now  attracting  so  much  attention,  that  I 
have  thought  that  a  study  of  the  general  equations  of  motion 
of  matter  in  connection  with  a  study  of  these  rings  would  con- 
tribute to  our  knowledge  of  vortex  movement 

Prol  W.  B.  Rc^rs  published  in  this  Journal,  xxvi,  1858,  a 
paper  on  smoke  rings  and  liquid  rin^,  and  described  several 
methods  of  studying  them.  In  Professor  Tait's  "  Recent  Ad- 
vances in  Physical  Science,"  a  method  of  forming  smoke  rings 
is  given.  The  apparatus  consists  merely  of  a  large  box  closra 
at  one  end  by  a  thin  sheet  of  india  rubber,  or  with  a  tightly 
stretched  towel,  and  having  a  circular  opening  of  six  or  eight 
inches  in  diameter  at  the  other.  Clouds  of  sal-ammoniac  vapor 
are  generated  inside  the  box,  and  rings  are  expelled  from  the 
circular  opening  by  a  blow  upon  the  rubber  or  towel  Sir 
William  Thomson  suggests  that  two  such  boxes  placed  so  that 
the  rings  may  impinge  on  each  other  at  any  angle  would  form  a 
useful  apparatus  for  studying  the  behavior  of  such  rings  toward 
each  other.  At  the  conclusion  of  this  paper,  several  methods 
of  studying  liquid  rings  will  be  descnbed.  When  a  drop  of 
liquid  falls  from  a  short  distance  into  a  liquid  of  less  density. 
Am.  Joub.  8oi.— Thibd  Sbbim,  Vol.  Xm,  No.  77.— Mat,  1877. 
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in  which  it  cannot  diffufee,  the  conditions  of  its  motion  just  after 
the  instant  of  its  striking  the  surface  of  the  liquid  of  less  density 
are  indicated  by  the  general  equations  of  heterogeneous  strains.* 
"  For  each  particle  we  have  the  component  velocities  u,  v,  u;, 

f)arallel  to  the  fixed  axes  OX,  OY,  OZ.    These  have  the  fol- 
owing  expressions : 

Eq.(l):«=^,  «  =  ^.  »  =  ^; 

x^y.z^t  being  independent  variables,  and  a,  fi,  v,  functions  of 
them.  If  the  disturbed  condition  is  so  related  to  the  initial 
condition  that  every  portion  of  the  body  can  pass  from  its  initial 
to  its  disturbed  position  and  strain,  by  a  translation  and  a  strain 
without  rotation, — i.  e.,  if  the  three  principal  axes  of  the  strain 
at  any  point  are  lines  of  the  substance  which  retain  their  paral- 
lelism,— we  must  have — 

TCn  /Q\.  ^— ^  ^_^  da_dl3 

^'^^'  dz^df/'  dx'^dz'  dy'^dx' 

and,  if  these  equations  are  fulfilled,  the  strain  is  now  rotational, 
as  specified."  But  these  equations  express  that  adx+/3dy-^  ydzj 
is  the  differential  of  a  function  of  three  independent  variables ; 
and  therefore,  in  order  that  there  may  be  no  rotation,  a  strain 
potential  must  exist  The  forces  which  solicit  the  particles  of 
the  drop  when  it  rests  upon  the  liquid  of  less  density  in  which 
it  cannot  diffuse  are  evidently  their  mutual  attraction,  a  force 
arising  from  the  superficial  tension  of  the  liquid,  and  one  aris- 
ing from  gravitation.  It  is  evident,  from  a  consideration  of 
these  forces,  that,  after  the  drop  has  suffered  a  strain  at  the 
surface,  every  portion  of  the  drop  cannot  pass  from  its  initial 
position  to  the  next  following  oy  a  translation  and  a  strain 
without  rotation.  For  the  drop  tends  to  return  from  a  shape 
approaching  an  oblate  spheroid  to  that  of  a  sphere.  Equations 
(2)  do  not  hold,  and  a  strain  potential  does  not  exist,  and  there- 
fore this  drop  must  rotata  This  rotation  is  not  in  general  of 
the  ring  form.  If,  on  the  other  hand,  the  drop  of  liquid  can 
diflFuse  itself  in  the  liquid  through  which  it  falls,  each  particle 
with  the  velocity  tz,  v,  w,  is  solicited  at  the  moment  of  impact 
by  a  superficial  tension,  by  the  force  of  gravitation,  and  by  a 
force  arising  from  the  rate  of  diffnsion.  In  this  case,  there  is 
no  tendency  of  the  body  to  reassume  the  soheroidal  or  spheroid 
form  in  its  passage  through  the  liquid.  On  the  other  hand,  to 
assume  that  each  particle  m  the  next  state  of  the  drop  very  near 
that  which  it  assumes  on  striking  the  free  surface  of  the  liquid 
of  less  density,  is  translated  without  rotation,  is  to  assume  that 
each  particle  is  compelled  to  move  in  restrained  limits  which 

*  Thomson  and  Tait's  Natural  Philosophj. 
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do  not  exist  For  the  components  X^,  Y*,  Z*,  of  the  attraction, 
which  tend  to  make  the  non -diffusible  drop  reassume  its  spher- 
ical form,  we  have  in  the  case  of  the  diffusible  the  components 
X,  Y,  Z,  of  an  external  force  arising  from  the  superficial  tension 
of  the  liquid,  and  the  impulse  given  to  the  drop. 

K  we  follow  the  notation  of  Poisson*  and  Helmholtz,t  we  shall 
have  for  the  general  equations  of  internal  motion  of  a  liquid : 


^       I  dp      du  ,     du  ^     du  ,     du 

du 


hdx  dt  '  "dx  '^  "dy 
„      1  djp dv        dv        du 

A^~'^'^^'^^dy 
„      \  dp     dio  ,     dio       dw 


Adz 
dh 
dt 


dt 


dx  +  ^  +  ^'lk 


dh  ,     dh 


dh 


du      dv      dw 


dh 
6t 


(3) 


(4) 


(6) 


In  which  p  is  the  pressure  in  a  liquid  at  the  point  x,  y,  z: 
X,  Y,  Z,  are  the  components  of  the  external  forces  acting  on  a 
unit  of  mass ;  and  A  is  the  density.  When  the  variation  of  h 
is  infinitely  small,  we  have  Eq.  (5).  The  forces  X,  Y,  Z,  are 
considered  to  have  a  potential  V*.     So  that 


dy' 


dV 


and  the  velocities  li,  t;,  le;,  a  velocity  potential  $.     So  that 

Eq.(7) 


dg}  dg>  dw 


dx        "       dy  "  dz 

or  tidx  +  vdy  +  todz  =  d(py 

and  (p  satisfying  the  equation 

d'tp      d'q)      d*(p_ 
da?^  dy'^  d^^^ 

which  is  what  equation  (6)  becomes  under  the  conditions  ex- 
pressed above.     We  must  therefore  have 


dw      du     ^     ,. 
=  -^     Eq.  (8) 


dx      dz 


du dv  dv dw 

dy      cto'  dz  ""  dy^ 

S[uations  similar  to  the  equations  expressing  a  strain  potential, 
elmholtz  has  shown  that  in  the  case  of  rotation  of  a  fluid  ele- 
ment, Eqs.  (8)  become 

*  Tndt^  de  Mechanique.  f  Orelle^s  Joum.,  It,  1868. 
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dv  dw      ^^ 

dz  dy 

dw  du 

dx  dz         ^ 

du  ^w  _  oP 

dy  dx 


Eq.  9. 


and  therefore  **the  existence  of  a  velocity  potential  is  inconsis- 
tent with  the  existence  of  rotation  of  the  fluid  element"  We 
have  seen  from  the  equation  of  strain  that  the  existence  of  a 
strain  potential  is  inconsistent  with  the  rotation  of  a  material 

{)article.  Let  us  now  see  if  vortex  movement  can  arise  in  a 
iquid  from  variation  of  density  and  pressure.  Following  Helm- 
holtz's  notation,  we  have,  if  ^  is  a  function  of  x,  ^,  s,  ^ 

dtf)      dtt  ,     dtb  ,     dtb  ,     dtb  „     ,,^. 

Calling  Sf  y,  5,  the  components  of  the  angular  velocity,  we  can 
obtain  their  variations  by  substituting  them  in  succession  in 
Eq.  (10).  If  we  eliminate  X,  Y,  Z,  from  Ec^s.  (8)  by  the  help 
of  Ejis.  (6),  supposing  that  h  and  p  are  functions  of  x^y^Zjt^  we 
obtain,  introducing  the  values  of  5,  y,  5,  from  Eqs.  (9): . 

and  similar  expressions  for  the  variations  of  y  and  <§.  If  the 
variation  of  A  is  infinitely  small,  we  obtain  by  the  aid  of  Eq.  (5) : 

SS  __  ^du   .     dv       jdxio 
dt  "^^  +  >'^+'^^ 

If  it  is  not  infinitely  small,  we  have  the  term 
1   /dh  dp       dh  dp\ 
2h\dz  dy^dy  dz) 

which  is  independent  of  5,  y^  5,  and  depends  upon  the  varia- 
tion of  h  and  p.  This  term  enters  into  the  expressions  for  the 
variations  in  the  angular  velocities ;  and  shows,  therefore,  that 
a  vortex  movement  can  arise  in  a  process  of  diffusion  by  a 
variation  in  density  and  pressure,  without  the  aid  of  initial 
angular  velocities.  This  condition  can  be  shown  experiment- 
ally by  dropping  a  somewhat  dense  solution  of  one  of  tne  aniline 
colors  into  a  mixture  of  glycerine  and  water.  The  original 
ring,  after  ceasing  to  move  downward  in  the  mixture,  breaks 
up  gradually  into  segments,  which  slowly  in  their  turn  assume 
the  ring  form.  A  mixture  of  water  and  glycerine  is  not  neces- 
sary :  peculiar  cusp-like  figures  indicating  the  first  stage  of  vor- 
tical movement  can  be  seen  whenever  a  thin  stratum  of  one 
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liquid  slowly  diflPdses  itself  through  another  liquid  of  different 
density. 

By  a  consideration  of  the  equations — 

given  by  Helmholtz,  from  which  he  draws  the  conclusion  that 
"  each  vortex  line  remains  continually  composed  of  the  same 
elements  of  fluid,  and  swims  forward  with  tnem  in  the  fluid/' 
we  see,  on  introducing  the  new  expressions  which  we  have 

found  for  -r— ,  &a,  Eq.  (11),  that  we  approach  nearer  and  nearer 

to  this  theoretical  conclusion  when  the  variations  of  h  are 
smaller  and  smaller.  Obviously,  we  should  then  obtain  the 
most  perfect  rings  when  the  drop  and  the  liquid  in  which  the 
motion  takes  place  are  composea  of  the  same  liquid.  And, 
therefore^  a  drop  of  water  falling  into  water  must  form  a  more  per- 
fect ring  than  ihat  formed  by  a  drop  of  any  colored  liquid  of  greater 
density  than  water. 

The  formation  of  these  liquid  rings  is  as  fascinating  and  as 
simple  an  occupation  as  blowing  soap-bubbles.  All  licjuids 
fallmg  from  such  a  height  that  the  surface  of  the  liquid  is  not 
too  much  disturbed  to  enable  the  drop  to  be  acted  upon  sym- 
metrically by  the  forces  at  the  free  surface  will  form  rings,  if 
too  great  differences  of  density  do  not  exist,  and  if  the  drop  can 
diffiise  in  the  liquid.  The  preceding  mathematical  discussion, 
as  we  have  seen,  shows,  us  tnat  a  drop  of  pure  water  on  striking 
the  same  element  under  the  above  conditions  must  necessarily 
assume  the  ring  shape.  This  can  be  shown  experimentally  by 
covering  the  n^e  surface  of  the  water  with  a  fine  powder,  or 
with  matter  in  a  fine  state  of  subdivision.  I  have  found  that 
an  alcoholic  tincture  of  ginger,  which  gives  on  the  surface  of 
water  a  milky  liquid  consisting  of  particles  in  a  fine  state  of 
subdivision,  answers  the  purpose  very  well.  Fine  particles  will 
be  carried  down  by  the  drop,  and  will  be  seen  to  rotate  in  a  vor- 
tex ring  far  below  the  surface.  This  fact  can  be  stated,  also,  by 
the  employment  of  any  of  the  aniline  colors  which  are  solvent 
in  water,  tne  falling  drop  consistinff  of  a  colored  solution,  whose 
specific  gravity  does  not  differ  sensibly  from  that  of  water.  The 
method  that  I  have  employed  to  produce  the  rings  consists 
merely  of  a  small  glass  tube,  slightlv  smaller  at  one  end  than 
the  other.  A  bit  of  cotton  is  wedged  in  nearer  the  larger  end, 
over  which  a  piece  of  flexible  rubber  tubing  is  slipped.     With 
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the  aid  of  the  mouth,  one  cao  fill  this  tube  with  liquid  and 
eject  it  in  drops  at  pleasure.  The'  same  apparatus  enables  us 
to  form  the  rings  beneath  the  surface  of  toe  liquid.  With  a 
tube  bent  horizontally,,  one  can  send  the  rings  through  a  liquid 
in  any  desired  direction  ;  and,  by  means  of  a  three-way  glass 
joint  and  a  small  india-rubber  bag,  one  can  send  forth,  by  the 
same  impulse,  two  rings  whose  paths  make  any  desired  angle 
with  each  other,  fiy  partly  immersing  the  glass  tubes  connected 
with  the  three-way  tube  m  the  free  surface  of  the  liquid,  and 
covering  the  surface  of  the  water  with  fine  powder,  one  can  studj 
the  mutual  behavior  of  half  vortex  rin^  A  simpler  method  is 
to  illuminate,  by  means  of  a  gas-light,  the  bottom  of  a  fiat,  white 
porcelain  dish  filled  with  water,  and  to  observe  the  shadows  of 
the  half- vortex  rings  on  the  bottom  of  the  dish  formed  by  the 
movement  of  two  spatulae  along  the  surfaca  It  can  be  reidily 
seen,  by  this  simple  method,  that  a  half-vortex  ring  moving 
near  another  in  a  parallel  path  and  with  a  less  velocity  tends  to 
follow  in  the  path  of  the  nrst ;  and  that  two  equal  half- vortex 
rings  moving  m  opposite  directions  along  the  same  path  separate 
into  two  vortices  which  move  at  right  angles  to  the  path  of  the 
original  vortices.  We  can  conclude,  also,  from  this  general  dis- 
cussion, that,  whenever  a  mass  of  vapor  of  greater  density  than 
the  surrounding  air  is  suddenly  formed  in  the  higher  r^ons  of 
the  atmosphere,  it  tends  to  descend  through  it  in  a  vortex  ring. 
The  results  of  the  preceding  discussion  are  as  follows : 

1.  An  analogy  between  the  strain  potential  and  the  velocity 
potential  is  indicated. 

2.  It  is  shown  that  the  formation  of  liquid  rings  is  a  necessary 
result  of  the  fundamental  equations  of  strains  and  those  of 
hydrodynamics ;  and  that  they  constitute  a  general  and  not  a 
special  phenomenon.  A  drop  of  water  falling  into  water  from 
a  suitable  height  must  assume  a  ring  shape. 

3.  Vortices  can  and  do  arise  in  certain  processes  of  diffusion. 
4  Simple  methods  of  studying  vortex  motion  in  liquids  are 

given. 


Art.  XXXVm. — An  account  of  the  Discoveries  in  Vermont  Oeol- 
ogyofihe  Rev.  Augustus  Wing  ;  by  James  D.  Dana. 

The  death  of  the  Rev.  Augustus  Wing,  in  January,  1876, 
deprived  the  country  of  an  excelleot  geological  observer,  and 
science  of  Use  results,  to  a  large  extent,  of  his  long  labors.* 
During  the  preceding  summer,  in  July,  I  had  the  pleasure  of  an 
excursion  with  him  to  various  localities  over  the  country  between 

*  See  this  Journal,  m,  xi,  334. 
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Butland  and  Monkton,  Yermont,  and  derived  much  profit  from 
the  survey  of  the  region  he  had  explored,  and  from  tne  inform- 
ation he  communicated  in  conversation.  When  we  parted  he 
promised  to  prepare  a  paper  containing  the  results  of  his  obser- 
vations for  pubfication.  His  decease  naving  prevented  the  ac- 
complishment of  his  purpose,  I  have  felt  it  a  duty  to  him  and 
to  science  to  consent  to  perform,  with  the  aid  of  such  material 
as  I  coald  obtain,  the  uniulfiUed  task  ;  and  the  following  article 
is  the  result 

My  sources  of  information  have  been  two  small  note-books 
and  a  few  of  his  letters,  received  from  his  family  through  Prof. 
Henry  M.  Seely,  of  Middlebury  College.  But  these  letters  are, 
in  part,  long  accounts  of  his  ^eoloffical  observations  and  views, 
written  at  diflferent  times  dunng  the  ten  yeai's  over  which  his 
explorations  extended, — probably  in  response  to  enquiries  from 
those  to  whom  they  were  addressed.  Among  them,  one,  of 
many  pages,  bearing  the  date,  August  9,  1872,  is  addressed  to 
me,  and  was  written,  as  it  states,  on  receiving  a  request  from 
me,  dated  August  3,  for  "  a  fuller  account  of  the  fossils  of  West 
Rutland/'  a  brief  note  on  his  discoveries  by  Mr.  E.  Billings, 
being  all  hitherto  published.  No  copy  of  this  letter  ever  left 
his  hands,  nor  even  an  acknowledgment  of  the  request ;  and  it 
is  probable  that  the  same  is  true  of  the  others.  His  disinclina- 
tion to  write,  and  his  reluctance  to  make  his  results  public,  so 
long  as  doubts  remained,  were,  in  all  probability,  the  occasion 
of  these  many  unfinished  epistles.  But  if  hesitating  with  his 
pen,  he  was  all  energy  and  enthusiasm  in  exploration.  Tt  was 
in  1865  that  he  came  to  the  determination  '*  to  ascertain,  if  pos- 
sible, the  geological  age  of  the  limestones,  slates  and  quartzytes 
of  Otter  Creek  Valley ;"  and  ever  afterward  he  kept  at  it, 
"tramping,"  as  he  says,  "during  all  the  time  that  could  be 
spared  from  vigorous  teaching."  He  had  his  reward  while  going 
on  with  his  work ;  for,  as  his  writings  show,  he  experienced  the 
delight  of  a  child  over  his  discoveries ;  and,  at  tne  same  time, 
he  felt  the  confidence  of  a  thorough  worker,  that  the  geological 
truths  developed  would  sooner  or  later  find  their  place  in  the 
science.  He  continued  his  field-work  to  the  last ;  and  it  was  the 
fatigue  of  an  excursion  in  the  autumn  of  1875,  when  he  was 
already  sixty-seven  years  old,  that  brought  on  his  fatal  illness. 

It  is  to  be  regretted  that  his  results  were  not  earlier  made 

Eublic;  for  they  would  have  given  some  errors  in  New  Eng- 
md  geology  a  speedier  extinction,  and  helped  much  to  pusn 
forward  discovery.  Mr.  Wing,  by  the  use  of  his  spare  time 
amid  the  duties  of  teaching,  accomplished  vastly  more  for  the 
elucidation  of  the  age  of  Verniont  rocks  than  had  been  done 
by  the  Vermont  Geological  Survey.  The  Vermont  Report  pre- 
sents diverse  opinions  about  the  Eolian  limestone  and  the  form- 
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ations  adjoining,  but  Bettles  nothing;  while  Mr.  Wing's  discor- 
eries  shed  light  not  on  these  rocks  alone,  bnt  also  on  the  gen- 
eral geology  of  New  England  and  Eastern  North  America. 

In  preparing  the  following  account  of  his  results  I  have  used 
raainly  his  letter  to  me  of  August,  1872,  it  being  the  latest 
detailed  statement  of  his  researches  left  by  him,  and  it  giving 
his  facts  and  views  quite  fully  in  the  course  of  its  sixty-two 
page&  But  his  earlier  and  later  notes  also  have  furnished  some 
facts.  All  remarks  of  my  own,  or  additional  facts  from  others, 
which  are  introduced  beyond,  are  put  in  smaller  type. 

1.  Hhe  Region. 

The  region  studied  by  Mr.  Wing  is  part  of  the  area  of  the 
crystalline  limestone  formation  of  Middle  and  Southern  Vermont 
— the  "Eolian  limestone,^  as  named  by  Hitchcock,  in  the  Ver- 
mont Geological  Report*  This  limestone  covers  a  wide  cen- 
tral north-and-south  strip  of  country,  extending  from  the  south- 
em  boundary  of  the  State  to  Northern  Monkton — a  distance  of 
about  one  hundred  miles.  The  limestone  r^on  is  bordered 
on  the  east  almost  continuously  by  ridges  of  quartzyte,  or 
quartzyte  and  slates,  which  extend  along  the  western  foot  of 
the  Green  Mountains.  Besides,  there  are  north-and-south 
dividing  ridges  or  belts  of  hydro-mica  slatef  and  clay-slate, 
with  sometimes  interstratified  quartzyte.  On  the  west  there 
are,  in  some  parts,  other  belts  of  the  slate,  and  to  the  north| 
near  the  great  fault,  areas  of  the  Bed  Sand-rock.  These  vari- 
ous rocks  are  so  associated  that  the  study  of  all  is  involved  in 
that  of  the  Eolian  limestone.  Moreover  they  together  extend 
southward  into  and  through  Massachusetta 

Mr.  Wing^s  special  field  of  exploration  was  the  part  of  the  lime- 
stone region  aba  of  the  adjoining  country  lying  between  Rutland 
and  Monkton.  llie  Eolian  limestone  formation  occupies  the  broad 
valley  of  "  Otter  Creek"  (correctly  Otter  River),  and  also  those 
of  its  main  tributaries. 

The  accompanying  map  is  from  the  colored  chart  of  the  Ver- 
mont Geological  Report.  Mr.  Wing's  notes  suggest  several 
changes ;  but  only  two  of  them  have  been  made,  because  the 
information  is  not  sufficiently  precise  to  warrant  going  further: 
these  are,  the  elongation  of  the  ^^ central  belt  of  slate"  to  middle 
Weybridge,  and  the  closing  of  the  West  Rutland  limestone  area 
on  the  north  by  a  junction  of  the  area  of  slate  on  the  east  with  the 

*  Report  on  the  Qeology  of  Vermont,  bj  Edward  HItdicookf  I1L.D.,  Bdwaid 
HitchoodE,  Jr.,  1C.D.,  Albert  D.  Eager,  A.1C.,  and  Charles  R  Hitohoook,  AM,  Two 
vols.  4to,  1861.    Published  by  the  authority  of  the  State  Legislature. 

t  The  hjdro-mica  slates  include  the  "Talooid  schisf*  and  "Taloose  schist^  of 
the  Vermont  Geologioal  Report,  the  fact  tiiat  they  are  not  talc-bearing  or  magne- 
lian  being  one  of  the  results  of  the  survey.  Mr.  Wing  uses  the  tenn  "Talooid 
sdhists"  in  his  earlier  notes,  but  adopts  hydro*mica  slates  in  the  later;  and  I 
^erefore  make  the  substitution  whenever  the  rock  is  referred  to. 
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^'  great  central  slate  belt,"  that  limestone,  according  to  Mr.  Wing, 
not  extending  to  the  pond  in  Pittsford.  Besides  these,  the  long 
Tertiary  area,  following  the  eastern  border  of  the  main  mass  of 
Eolian  limestone  has  been  omitted,  since  it  was  based  on  a  few 
local  limonite  deposits,  which  were  mainly  a  result  of  the  altera- 
tion of  either  the  limestone,  or  of  the  slates  adjoining  associated 
with  the  quartzyte,  or  perhaps  partly  of  the  quartzyte  itself  where 
impure,  and  which  were  forming  during  earlier  as  well  as  later  time. 

On  the  map  all  the  areas  that  are  horizontally  lined  are  lime- 
stone areas ;  those  vertically  lined  are  slates  (hydromica  or  argil- 
laceous) ;  the  dotted  area  on  the  east  is  quartzyte,  and  the  finely 
dotted  on  the  west  and  north.  Red  Sand-rock.  The  areas  most 
openly  lined  horizontally  are  those  of  the  ^^  Eolian  limestone,"  the 
crystalline  or  metamorphic  limestone,  which  includes  nearly  all 
the  marbles  of  Vermont  south  of  Monkton. 

The  main  or  eastern  band  of  the  Eolian  limestone  follows  the 
course  of  Otter  Creek  valley,  and,  no  doubt,  determined  the  posi- 
tion of  the  valley.  There  is  also,  north  of  West  Haven,  a  west- 
em  band,  more  or  less  complete,  lying  to  the  west  of  the  "  central 
belt  of  slate."  This  great  slate-belt  extends  from  Wey bridge  on 
the  north  to  the  southwestern  comer  of  the  State,  widening  south- 
ward and  spreading  into  the  State  of  New  York.  The  part  south 
of  Brandon  has  been  called  the  Taconic  range  of  mountains,  it 
being  properly  a  continuation  of  the  Taconic  range  of  Massachu- 
setts. This  hlelt  of  slate,  over  its  interior,  consists  mostly  of  clay- 
slate  or  argillyte  (good  roofing-slate  in  many  places)  (A) ;  but, 
along  either  border  (B)  there  is  a  broad  band  or  hydromica  slate, 
south  of  Whiting  Village,  this  belt  is  interrupted  for  a  fourth  of  a 
mile  or  so,  according  to  Mr.  Wing,  and  here  the  limestone  to  the 
west  of  it  connects  with  that  to  the  east  in  Otter  Creek  valley. 
The  geological  formations  on  the  western  border  *of  Vermont, 
including  the  Hudson  River  and  Utica  shales,  with  some  lime- 
stone in  the  former,  the  Trenton,  Black  River,  Birdseye  and 
Chazy  limestones,  are  mostly  unaltered  fossiliferous  rocks,  and 
hence  their  age  was  long  since  ascertained.  The  limestone  areas 
within  that  of  the  Hudson  River  slate  are  set  down  as  Hudson 
River  limestone  in  the  Vermont  map ;  but  Mr.  Wing^s  notes  im- 
ply that  he  thought  them  in  part  at  least  Trenton,  yet  without 
any  special  discussion  of  the  suDJect. 

To  the  east  of  the  eastern  quartzyte  range  there  is,  east  of  Bris- 
tol, what  the  Vermont  map  calls  "  talcose  conglomerate,"  and  next 
east  of  this,  an  area  of  ^^  talcose  schist,"  the  former  certainly 
belonging  with  the  quartzyte,  and  the  latter  a  hydromica  slate, 
according  to  evidence  in  the  Vermont  Report.  Farther  east, 
ranging  n*om  the  southern  boundary  of  the  State,  and  much  of 
the  way  adjoining  the  quartzyte  on  the  east  side,  there  is  on  the 
map  a  broad  area  of  gneiss,  often  called  Green  Mountain  gneiss. 
But  it  is  not  all  gneiss;  for  the  Vermont  Report  states  that 
Mount  Mansfield,  the  highest  mountain  of  the  Green  Mountain 
range,  consists  partly  of  chloritic  hydromica  slate,  and  this  I  have 
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found  to  be  trae.  The  trae  Red  Sand-rock,  existing  more  espe- 
cially in  the  northern  half  of  Vermont,  toward  Lake  Champlam, 
has  been  shown  through  its  fossils,  since  the  Vermont  Report  was 
published,  to  be  Primordial  And,  by  recent  discoyeries  also,  it 
baa  been  proyed  that  the  Primordial  of  Northern  Vermont  includes 
an  extensiye  formation  of  clay-slate — ^the  Georgia  slates — and  a 
red  or  reddish  mottled  limestone,  extending  from  Canada  south- 
ward to  Burlington,  and  in  some  parts  fossiliferous,  called  the 
Winooski  limestone.  These  facts  need  to  be  kept  in  mind  when 
studying  the  metamorphic  rocks  of  Central  and  Southern  Vermont 
and  Mr.  Wing's  yiews  about  them. 

2.    West  RuOand  VaUey. 

The  West  Rutland  limestone  yalley,  famous  for  its  marble 
q^uarries,  is  situated  four  and  a  half  miles  to  the  west  of  the 
city  of  Rutland.  It  is  separated  from  the  wider  limestone 
band  of  central  Vermont,  in  which  the  city  of  Rutland  is  situ- 
ated, by  three  north-and-south  ranges  of  rock ;  the  first,  going 
west,  occurring  at  Rutland  Center  (C  on  map),  consists,  at  the 
Falls,  of  quartzyte  and  an  underlying  blacK  glossy  argillyte, 
dipping  to  tbe  southeastward  10^  to  20^ ;  the  second,  is  a  nar- 
row north-and-south  strip  of  crystalline  limestone ;  the  third  a 
narrow  north-and-south  ridce  of  black  slate,  closely  resembling 
that  at  Rutland  Center,  ana  like  it  in  the  general  direction  of 
its  dip,  though  yarying  much  in  the  amount  of  dip  and  in  the 
strika  This  last  ridge  of  black  slate  makes  the  eastern 
boundary  of  the  West  Rutland  limestone  yalley,  while  the 
slopes  oi  the  "great  central  belt  of  slate"  constitute  the  west- 
em  boundary.  The  rock  of  these  latter  slopes  is  a  greenish 
bydro-mica  slate  somewhat  chloritic. 

The  limestone  of  West  Rutland  yalley  has  a  width  across  of 
about  a  mile.  It  has  throughout  a  high  eastward  dip — yary- 
ing between  40*^  and  70° ;  and  the  slates  on  the  west,  as  well  as 
those  on  the  east,  haye  a  corresponding  eastward  dip.  Accord- 
ing to  Mr.  Wing,  this  band  of  limestone  does  not  connect  on 
the  north  with  the  great  central  limestone  area  of  Vermont,  as 
tbe  map  of  the  Vermont  Geological  Report  and  also  Plate  viii 
represent,  but  runs  out  in  that  direction  before  reaching  the 
pond  in  southern  Pittsford,  through  the  union  of  the  slate 
area  of  the  east  with  the  area  on  the  west. 

As  first  discovered  by  Mr.  Wing,  this  band  of  limestone  con- 
tains fossils  on  both  its  eastern  and  western  borders,  and  also 
along  its  center.  The  marble  quarries  are  situated  on  bands 
of  highly  crystalline  white  and  clouded  limestone  between  the 
fossiliferous  borders  and  the  center.  The  position  is  shown  in 
the  following  section:  S  and  S'  are  the  slates  of  the  two  sides, 
the  west  and  east ;   a,  c,  e,  the  belts  of  grayish  fossiliferous 
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limestone,  6,  d,  those  of  the  marble  quarriea     The  width  of  the 
border  belts,  a  and  e,  is  from  200  to  800  feet    '   / 


a  h    e^  d        e 

Section  across  the  West  Rutland  valley. 

The  fossils  of  the  western  border  are  found  in  the  south- 
western part  of  the  valley,  just  north  of  an  old  abandoned  mar- 
ble quarry,  the  most  northern  one  on  the  west  side  of  the  val- 
ley, where  the  rock  is  grayer  than  that  of  the  center  belt  The 
rock  here  is  distinctly  and  abundantly  fossiliferous.  It  was 
from  this  place,  at  a  point  rather  nearer  the  quarries  than  the 
slate,  that  the  specimens  were  obtained  by  Mr.  Wing  which  he 
sent  to  Mr.  Billings,  for  his  examination.  Amon^  them,  "a 
small  convoluted  shell  was  in  crowded  abundance,'  which  Mr. 
Billi ngs  said  were  like  Pleurotomaria  siaminea.  A  short  distance 
north,  crinoidal  disks  and  stems  were  common ;  and  among 
these,  Mr.  Billings  distinguished  a  plate  of  Pleurocystiies  tenui- 
radiatusj  a  Chazy  species.  •  Mr.  Billings  adds  to  his  note  on  the 
fossils,*  "I  think  this  collection  is  Chazy.  The  Cystidean,  Pku- 
rocysiites  tenuiradiatus^  is  a  never-failing  guide  to  the  Chazy ;  at 
least  it  is  so  on  the  west  side  of  Lake  Champlain." 

On  the  eastern  border  of  the  valley,  just  east  of  the  large 
marble  quarries,  Mr.  Wing  states  that  he  **  found  two  large  con- 
voluted shells,  with  a  Murchisonia  of  moderate  size.  The 
limestone  of  this  belt  is  gray  like  that  of  the  western.  The 
fossils  are,  however,  much  rarer. 

At  my  visit  to  West  Rutland  with  Mr.  Wing,  we  went  first  to 
the  central  belt,  to  a  place  south  of  the  railroad.    The  rock  was 
2,  found  to  be,  as  he  had  de- 

scribed it,  literally  full  of 
fossils.  The  worn  surface 
is  crowded  with  white 
spots,  often  having  the 
spiral  and  other  forms  of 
half  obliterated  shells, 
besides  disks  of  Crinoids, 
Some  of  the  shells  are 
IsTse  distorted  Maclareas 
I  — ^tbe  well-known  Chazy 
species,  and  one  of  these, 
having  the  appearance  of  a  white  spiral  line,  is  here  figured  natural 
size.     Other  similar  specimens  are  four  inches  in  diameter.     The 

*  Published  in  this  Journal,  in  vol.  iv,  p.  133,  1872. 
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gray  limestone  of  the  western  border  of  the  valley  was  also  found 
to  be  abundantly  fossiliferoos.  That  of  the  eastern  border,  just 
east  of  the  marble  qoarries  we  examined,  bat  in  the  short  time 
there,  no  distinct  fossil  forms  were  found. 

Mr.  Wing  in  his  notes  explains  the  position  of  the  Chazy 
belts  in  the  limestone,  and  that  of  the  slates  either  side  by  the 
view  that  the  slates  lie  in  synclinals  3 

and  the  limestone  in  an  abraded 
anticlinal,  as  illustrated  in  the  an- 
nexed figure,  making  the  slates 
younger  than  the  Chazy.  He  ob- 
serves that  he  had  suspected  the 
existence  of  the  Trenton  outside 
of  the  Chazy  between  the  fossil- 
iferous  beds  and  the  slates,  but 
that  he  had  found  no  evidence  of 
it,  and,  moreover,  the  "space  was  too  thin  for  the  normal  Tren- 
ton." 

If  there  is  here  but  one  anticlinal,  there  are  two  fossiliferous 
levels  in  the  limestone  of  the  valley,  and  all  the  limestone  is 
Chazy;  but  if  a  double  anticlinal  exists,  as  is  possible,  though 
perhaps  not  probable,  then  the  marble  belts  may  belong  to  a 
stratum  below  the  Chazy. 

About  three  miles  southwest  of  West  Rutland,  in  the  town  of 
Ira,  and  within  the  "great  central  belt  of  slates''  there  are, 
accor£ng  to  the  Vermont  Geological  Report  (p.  432),  two  out- 
crops of  limestone  which  afford  lossils,  and  deserve  to  be  called 
fossiliferous ;  the  fossils  found  were  Encrincd  disks^  and  shells  re- 
sembling a  Baomphahis  in  form.  Whether  related  to  those  of  the 
West  Rutland  Valley  or  not  cannot  be  made  out  from  the  facts 
stated. 

3.  Sudbury  Idmestone. 

The  Sudbury  limestone  belt  is  situated  a  little  over  twenty 
miles  north-northeast  of  West  Rutland,  on  the  west  side  of  the 
"great  central  belt  of  slate."  The  limestone  lies  between  the 
great  band  of  slate  and  another  on  the  west,  and  has  a  width 
of  two  to  three  miles.  The  area  is  bounded  both  to  the  north 
and  south  by  slate,  the  western  slate  belt,  which  leaves  the 
great  belt  in  Benson,  joining  it  again  twelve  or  fifteen  miles 
north,  the  rock  for  two  miles  south  of  the  village  of  Whiting 
being  slate.  Thus  the  area  is  isolated  like  that  of  West  Rut- 
land, and  both  may  be  said  to  be  contained  within  the  slate 
belt  Still,  there  is  a  break  or  interruption  in  the  eastern  slate 
belt  toward  Whiting,  and  through  it  the  Sudbuiy  limestone 
connects  directly,  or  is  continuous,  with  that  of  Otter  Creek 
valley. 
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In  the  Sudbury  valley,  IJ  miles  south  of  the  village,  on  the 
land  of  Mr.  Clark  Morton,  the  Trenton  trilobite,  Thrinucleus 
concentricusj  was  first  found  in  May,  1866,  in  the  blocks  of  a 
stone  wall  which  the  owner  said  had  been  quarried  near  by ; 
and,  Mr.  Wing  says:  "I  walked  home  that  night — seven 
miles — after  sundown,  glorying  in  my  discovery  of  a  Trenton 
fossil  in  Sir  William  Lqgan's  Quebec  Group.  1  was,  however, 
dampened  in  all  this  on  reading,  after  reaching  home,  in  Pro- 
fessor Hitchcock's  Report,  that  the  Trinucleus  had  been  pre- 
viously found  in  a  bowlder  in  Sudbury ;  for  I  could  not  tell 
whether  mine  came  from  a  bowlder  or  not"*  But  "afterward, 
in  May,  1867, 1  discovered  the  Trenton  trilobite  near  the  same 
spot,  and  in  great  abundance.''  It  was  associated  with  various 
other  Trenton  fossils,  twenty  or  more  species  of  which  were 
later  collected  by  Mr.  Billings. 

The  limestone,  like  that  of  West  Rutland,  and  the  slates 
adjoining,  all  dip  eastward.  The  limestone  accordingly,  says 
Mr.  Wing,  constitutes  an  anticlinal  between  two  synclinals  of 
slate — those  of  the  slate  belts  or  ridges. 

Mr.  Wing  also  states  that  he  afterward  found  the  Trinucleus 
concentricus  ten  miles  southeast  of  Sudbury  (half  way  to  West 
Rutland)  in  Hubbardton,  in  a  limestone  band  sixty  yards  wide 
in  the  heart  of  the  "great  central  belt  of  slates f"  and  also 
farther  south,  one  or  two  miles  north  of  the  slate-quarries  of 
West  Castleton. 

4.  Mutem  Orwdl  and  Bhoreham^  Whiting  and  ComtoaU. 

The  towns  directly  north  of  Sudbury  are  Whiting  and  Corn- 
wall, and  those  adjoming  these  on  the  west,  Orwell  and  Shore- 
ham.  The  area  of  Eolian  limestone — that  of  its  west  branch 
— covers  only  the  eastern  half  of  Orwell  and  Shoreham,  the 

Kg.  4. 
B.Shorehun.  Whiting.   Ot.Cr.      Leicester. 


R.8. 

Section  from  the  Red  saDd-rook  in  Eastern  Shoreham  to  the  Quartzyte  rodcs  and 
interetratified  Dolomite  of  Eastern  Leicester,  east  of  the  main  belt  of  Eolian 
limestone. 

"  great  slate  belt"  occupying  the  western  half.  But  this  slate 
belt  passes  northward  through  the  middle  of  Whiting  and 
Cornwall,  so  that  the  western  part  of  each  of  these  towns  is 

*  The  Vermont  Report  says  (p.  301)  only  this:  "A  bowlder  of  this  nx* 
[Trenton  limestone]  has  been  found  in  Sudbury,  containing  this  species,  which 
must  have  been  transported  several  miles," — a  statement  which  implies  no  suspi- 
cion of  its  being  a  Sudbury  f  oesiL 
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covered  with  the  western  branch  of  the  Eolian  limestone,  and 
the  eastern  with  the  eastern  or  Otter  Creek  branch. 

The  preceding  section  is  given  by  Mr.  Wing  to  show  the  suc- 
cession of  formations  across  the  whole  limestone  region,  from 
the  Red  Sand-rock  in  Eastern  Shoreham,  to  the  quartzyte  region 
of  Eastern  Leicester,  a  distance  of  twelve  or  fourteen  miles.  It 
shows  the  eastward  dip  throughout ;  the  narrow  strip  of  slate 
to  the  west  of  the  middle;  and  three  sections  of  the  Eolian 
limestone  east  and  west  of  this  slate :  a.  Lower  Calciferous ;  i; 
Upper  Calciferous  and  Quebec ;  c,  Chazy  and  Trenton ;  R  S., 
Rea  Sand-rock;  SL,  slates;  Q,  quartzyte.  How  far  this  con- 
clusion is  based  on  positive  facts  will  be  seen  beyond. 

On  the  east  side  of  the  slate  in  East  Cornwall  various  fossils 
were  found  in  the  limestone.  These  were  sent  to  Mr.  Billings, 
who  replied  as  follows :  "  The  specimens  from  East  Cornwall 
east  of  br.  Porter's  residence,  and  from  a  locality  farther  north, 
are  Stenopora  fibrosa^  St,  PetropoUUma^  Bscharopora  recta  ?^  part 
of  the  rim  of  a  Trinucleus  or  Harpes^  and  species  of  OrthiSj 
Sirophomena^  BhynchoneUa  and  Orihoceras;"  and  he  added  that 
"  they  are  no  doubt  Trenton." 

North  and  south  of  East  Cornwall,  there  are  "  RhynchoneUa 
beds"  full  of  fossils,  including  pygidia  of  trilobites,  a  large 
Maclurea,  species  of  Orthis,  Encrinal  dtsksj  and  other  kinds ; 
and,  half  a  mile  south,  one  undoubted  Baihyurus  Saffordij  a 
Quebec  Group  trilobite,  was  obtained. 

Near  the  west  border  of  Cornwall,  at  Bascom^s  ledge  (three 
miles  west  of  south  of  West  Cornwall  and  three  and  one-half 
miles  east  of  Shoreham),  a  bed  in  the  "  Eolian  limestone"  is  called 
by  Mr.  Wing  the  "  Trilobite  bed,"  it  being  almost  made  up  of 
remains  of  trilobites,  with  other  fossils.  It  afforded — as  identi- 
fied in  1867  by  Mr.  Billings  from  specimens  sent  him  by  Mr. 
Wing — Asaphus  canaiisj  besides  two  other  species  of  the  genus, 
two  or  three  species  of  Bathyurus,  one  of  them  B.  conicus^  some 
of  the  cephalic  spines  of  this  species,  three,  four,  and,  four  and 
one-half  mches  long,  besides  Madurea  matutina  and  other  con- 
voluted shells.     Mr.  Billings  made  the  species  Calciferous. 

East  of  Shoreham  village  the  upper  limestones  hold  Bathy- 
uru8  extans  Billings  {Asaphtisf  extans  Hall),  a  Birdseye  species, 
Columnaria  alveohta,  of  the  Black  River  limestone,  and  the 
Trenton  trilobite,  TriniicletM  concentricua, 

Barbour's  Ledge,  in  southern  Bridport,  near  Mr.  J.  Barbour's 
residence,  affords  similafr  fossils  to  Bascom's  Ledge,  including 
many  pygidia  of  trilobites  of  the  species  Asaphus  canalis,  and 
BcUhyurij  and  also,  in  an  overlying  oed,  Madurea  matutina  and 
other  convoluted  shells  and  trilobites. 

The  "  RhynchoneUa  beds"  extend  from  West  Cornwall  to  a 
mile  or  two  south  of  Orwell,  fifteen  to  eighteen  milea     But  in 
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Orwell,  in  higher  limestones  immediately  west  of  and  underly- 
ing the  "  sparry  limestone,"  there  occur  Petraia  projunda  {f). 
iStenopora  fibrosa  and  SL  Petropolitana^  "which  may  be  Birdseve 
species ;"  and  at  the  bottom  of  a  hill  one  and  one-half  miles 
northeast  of  Orwell  village,  where  the  "sparry  limestone  is 
largely  developed,"  a  number  of  large  Madurece  were  found 
(one,  as  figured  in  the  notes,  three  inches  in  its  longer  diam- 
eter, and  resembling  fig.  2  on  page  888),  which  seems  to  indi- 
cate the  presence  of  the  Chazy  limestone  beneath  the  "  sparry 
limestone,"  or  at  its  base.  Higher  up  toward  the  top,  there 
are  obscure  fossils ;  but  at  the  top,  near  the  slate,  occur  distinct 
bivalves,  and  the  coral  Receptaculites  Neptuniy  which  seems  to 
prove  the  "Sparry  limestone  *  to  be  Trenton  in  aga 

In  northeastern  Shoreham,  two  miles  north  of  Shoreham 
village,  there  is  a  limestone  ledge  called  Mutton  Hill,  and  here 
several  Lower«Silurian  formations  are  distinguishable  by  their 
fossils.  The  rocks,  in  the  words  of  Mr.  Wing,  have  the  follow- 
ing ascending  order : 

1.  Light  gray  even-bedded  sandstone,  in  beds  six  inches  to 
two  or  three  feet  thick ;  six  or  eight  feet  at  the  top,  honey- 
combed with  Soolithus  linearis :  Potsdam.     810  feet 

2.  Dark  iron-gray,  feebly  calcareous  sandstone  or  quartzyte, 
with  Fucoids :  Upper  Potsdam  ?    200  feet 

8.  Subcrystalline  limestone,  containing  a  small  Orthoceras 
and  Etjcrinal  disks :  Lower  Calciferous.     20-25  feet 

4.  Dark  greenish,  fine-grained  sandstone,  the  lower  twelve 
or  fifteen  feet  perforated  with  small  Scolithi  {&  minutus\  the 
rest  interstratified  with  dolomitic  limestones,  holding  Ophileta 
compacta^  0.  complanata,  (hence  caUed  the  Ophileta  beds),  a  few 
other  species  of  convoluted  shells  including  two  or  three 
MaclurecB,  a  small  Orihis  {Orihisina),  a  Trihbiie,  etc. :  Calcif- 
erous.    800-400  feet 

No.  1  is  at  the  western  base  of  Mutton  Hill  and  No.  4  is  its 
geological  top. 

In  a  second  fold  or  anticlinal,  Nos.  1,  2,  8  and  4  again  come 
g_g  up;  and  No.  8  is  more  than  200 

^  '  feet  thick  and  holds  a  number 

QO^^^0Qr\    f^^J^  ^^  small  Orthoceraia,  two  species 


of  Gasteropoda,  including  a  Ma 
^b  n:^^  clurea  and  a  Bathyurus,     The 

OO^^OQ  accompanying    figures  by  Mr. 

c  ^    Wing  serve  to  sustain  his  state- 

qqO  ^OQr\  ments.     Figure  5,  an  Orthoceras 

^^  apparently  the  Calciferous  spe- 

cies, 0.  primigenium  ;  6,  sections  of  Maccureas  ;  7,  pygidium  of 
a  Bathyurus]  8,  shell  resembling  SiHolopea, 
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In  this  "second  fold,"  No.  4,  or  the  "Ophileta  beds,"  Scoli- 
thus  minuLus  and  the  Fucoid  PaloRophyctis  arcuatus  are  abundant 

In  the  same  fold,  above  No.  4,  appears  No.  5,  called  the 
"  Trilobiie  bed  and  Conglomerated'  It  consists  below  of  dark 
bluish  sandstone  or  quartzy  te  with  green  slaty  seams  containing 
Fucoids;  then  ten  or  fifteen  feet  of  siliceous  limestone,  holding 
a  few  small  Trilobites  and  other  fossils;  then  a  conglomerate 
made  of  flat  and  rounded  pebbles  from  the  quartzy  te  below — 
the  flat  ones  one  to  two  incnes  across,  the  rounded,  from  coarse 
shot  to  large  bullets ;  the  paste  sometimes  limestone ;  the  slaty 
seams  holding  toward  the  bottom  a  small  Orthis  {Ort/iisina),  a 
small  Trilobiie^  and,  near  the  top,  Maclnrea  sordida  and  i/.  m^tnr 
iina  in  crowded  abundance  at  some  places.  This  "conglom- 
erate may  generally  be  traced  alone  the  west  side  of  the  great 
slate  belt  without  aid  from  its  fossils." 

At  Bascom's .Ledge,  which  is  the  "  fourth  fold  "  going  east 
ward  from  Mutton  Hill,  Nos.  1,  2,  8,  4  and  5  occur,  with  their 
fossils,  and  the  lower  part  of  No.  5,  the  "  Trilobite  "  or  "  Con- 
glomerate" bed  exists  in  great  force.  The  Trilobites  {Asaphus^ 
etc.),  and  other  fossils  mentioned  on  page  341  are  from  this 
bed,  ten  or  twelve  feet  of  it  being  made  up  almost  entirely  of 
them.  There  is  also  above  the  "conglomerate,"  No.  6,  the 
'*Rhynchonella  beds"  already  mentioned — so  called  from  "real 
or  supposed  Rhynchonellce  found  in  the  next  (5th)  fold."  This 
No.  6  is  a  nearly  pure,  or  feebly  siliceous,  or  dolomitic  lime- 
stone, finer  in  grain  and  softer  than  the  formations  below, 
generally  weathering  to  some  shade  of  yellow,  red,  pink,  or 
buff;  and  is  without  fossils  in  the  line  of  section  of  the  4th 
fold. 

Over  No.  6  occurs  No.  7,  the  Sparry  Lime^tonej  400  to  600 
feet  thick ;  and  No.  8,  the  slate  of  the  great  belt,  here  perhaps 
800  or  400  feet  thick.  The  Sparry  Limestone  is  the  stratum 
that,  one  and  a  half  miles  northeast  of  Orwell  village,  afforded 
the  Receptaculites  Neptuni,  "  which  seemed  to  prove  "  its  Trenton 
age;  and  is  the  Sudburv  rock  affording  Trmucleus.  The  slate 
would  consequently  be  the  Hudson  Kiver  slate. 

The  formations  above  recognized  are,  briefly,  as  follows : 

1.  Sandstone. — Potsdam. 

2.  Iron  gray  calcareous  sandstone. —  Upper  Potsdam. 

8.  "  Subcrystalline  limestone,"  part  of  the  "  Eolian  Limestone" 
containing  Ortlioceras^  etc. — Lower  (Jalciferous. 

4.  "Ophileta  beds,"  part  of  the  "Eolian  Limestone." — 
Galcifei'ous. 

5.  "Trilobite  bed"  and  "Conglomerate,"  part  of  the  "Eolian 
Limestone." — Quebec  Group, 

6.  "  Rhynchonella  beds    with  the  "  striped  stratum,"  part  of 

the  Eolian  Limestona — Chazy. 

Am.  Jour.  Soi.— Thibd  Sbbibs,  Vol.  Xm,  No.  77.— Kjlt,  1877. 
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7.  "  Sparry  Limestone,"  part  of  the  "Eolian  Limestone." — 
Trenton. 

8.  The  slates  of  the  "great  central  belt" — Hudson  River 
Slates  (or,  Cincinnati  gronp). 

6.  Northern  OomtoaUj  Middlebury^  Weyhridgt. 

Weybridge  is  the  next  town  north  of  Cornwall,  and  Middle- 
bury  lies  to  the  east  of  Southern  Weybridge  and  Northern 
Cornwall.  The  area  of  the  Eolian  limestone  includes  both 
towns  on  the  Vermont  Geological  Map. 

Ellsworth  Ledge  is  situated  in  North  Cornwall,  two  and  a 
half  miles  northeast  of  "Bascom's  Ledge,"  and  two  or  three 
miles  west  of  Middlebury.  It  is  Mr.  W  ing's  Jjfih  fold.  The 
"  great  central  slate  belt,  instead  of  stopping  in  Cornwall  as 
represented  on  the  Vermont  Geological  M^p,  continues  on,  as  a 
narrow  belt,  and  part  of  the  way  a  double  belt,  to  middle 
Weybridge. 


Mr.  Wing's  section  from  west  foot  of  fiUsworth  Ledge,  in  ComwaD,  to  ICddlebmy 

on  the< 


Commencing  at  the  western  base  of  Ellsworth  Ledge  (see 
the  accompanying  section  from  Mr.  Wing's  notes)  there  is  no 
oiitcroppinff  Lower  or  Upper  Potsdam,  and  No.  8  also  is 
wanting;  tne  first  formation  is  No.  4,  the  "Ophileta  beds" 
with  their  fosfeils ;  next  No.  5,  a,  6,  c,  the  "Trilobite  bed  "  and 
those  associated  ;  next  No.  6,  the  **  Rhynchonella  beds," 
with  fossils;  then  No.  7,  or  the  "Sparry  Limestone,"  with 
fossils,  this  and  the  preceding  of  unusual  thickness;  and  No. 
8,  the  Hudson  River  slate. 

Overlying  the  "  Conglomerate  bed"  (No.  6  h)  there  is  a  bed  of 
coarse  limestones,  (5  c)  100  or  200  feet  thick,  holding  obscure 
convoluted  shells  {Ataclurea  /),  a  large  Orthoceras  and  Murchi- 
sonia^  and  Bathyurus  Saffordi,  a  species  characteristic  of  the 
Quebec  group. 

Above  this  stratum  come  the  "Rhynchonella  beds,"  (No.  6) 
perhaps  800  to  400  feet  thick,  containing,  in  a  "striped  stra- 
tum" characteristic  of  it,  BhynchonelloB  (?)  in  great  abundance, 
pygidia  of  Asaphus  canalis  and  of  one  or  two  other  species  of 
Asaphus,  pygidia  of  Bathyvrm  AhgeHm]  a  Chazy  species  in 
Canada;  also  species  of  Maclurea^  OrtJiis,  Leperditia  (a  small 
hand  specimen  containing  them  by  the  thousands),  Encrinal 
sterns^  etc.    This  "  striped  stratum,"  twelve  to  fifteen  feet  thick, 
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is  overlaid  by  an  inch  or  so  of  a  dark  slaty  sandstone  and  then 
by  a  stratum  of  white  limestone  (weathering  yellow)  six  to 
twelve  inches  thick.  These  "  Rhyuchonella  beds  "  are  without 
much  doubt  Chazy  in  part ;  the  uuper  part  may  be  Birdseye 
and  Black  River.  Since  the  Birdseye  and  Black  River  do 
certainly  exist  in  Orwell  and  half  a  mile  east  of  Shoreham 
village,  there  is  not  much  doubt  that  they  exist  here  also. 

The  "  Sparry  limestone  "  does  not  here  afford  fossils.  The  age 
of  the  rock  is  mferred  from  the  fossiliferous  beds  farther  south 
in  similar  position  in  Cornwall,  Sudbury,  Hubbardton,  the  facts 
respecting  which  have  been  already  mentioned.  **  Trenton  fossils 
occur  also  in  Benson,  and  on  the  same  strike  in  Whitehall, 
New  York ;"  so  that  "  it  is  no  longer  to  be  doubted  that  the  Tren- 
ton limestone  does  exist  in  long  bands  stretching  down  on  the 
west  side  of  the  two  belts  of  slate  from  Wey bridge  southward." 

At  Wey  bridge  Upper  Falls,  on  the  right  bank,  the  "Rhyn- 
chonella  beds  "  occur  west  of  the  slate,  beneath  the  **  Sparry 
limestone;"  and  the  "striped  stratum,"  which  is  partly  cut 
through  by  the  stream,  is  full  of  fossils,  as  first  observed  in 
1867 ;  and  the  species  are  the  same  RhynchoneUoe  and  convo- 
luted shells  that' were  found  in  the  "Rhyuchonella  beds"  west 
of  the  slate  in  Cornwall — ^a  fact  which  makes  the  two  beds 
identical  in  age.  On  the  south  side  of  the  Falls  occurs  Beiepora 
incepicL  This  makes  the  beds  to  be  of  the  age  of  the  Chazy, 
and  proves  that  the  Chazy  formation  has  a  wide  range,  the 
beds  in  Cornwall  affording  Asaphus  canalis^  Bathyurxis  Angelini, 
Leperdilia,  etc.,  as  already  stated.  "No  marble  quarries  in 
Addison  county  have  been  wrought  in  the  Quebec  woup;  all 
are  now  wrought  in  the  Chazy  and  formations  above  it,  or  in 
the  sheet  of  limestone  at  the  bottom  of  the  Calciferous." 

In  Middlebury.  the  "  Sparry  limestone"  affords  "  very  large 
and  conspicuous  Encrinal  stems;  they  occur  mostly  near  the 
slate,  like  the  few  other  fossils  of  this  slate."  The  formation  is 
a  continuation  of  that  of  East  Cornwall. 

The  limestone  bordering  the  "  central  slate  belt"  on  the  east, 
is  the  same  formation  with  that  on  the  west  This  has  been 
proved  by  the  fossils,  as  already  stated.  It  is  also  shown  by 
the  fact  that  this  main  belt  of  slate,  which  extends  south  from 
Weybridge  to  ioin  the  wider  belt  of  the  southwestern  part  of 
the  State,  is  wholly  cut  off  by  limestone  in  the  north  part  of 
Sudbury,  the  cut  being  40  or  50  rods  wide,  as  stated  on  page 
889.  "  The  limestone  at  the  break  is  certainly  not  lower  than 
the  Chazy  and  Trenton,  and  it  is  continuous  with  the  fossilife- 
rous Trenton  limestone  of  Sudbury  on  one  side,  and  with  that 
of  Otter  Creek  valley  on  the  other ;  and  hence  the  limestones 
on  the  east  of  the  slate,  in  Otter  Creek  valley,  must  be  of  the 
same  age  as  those  on  the  west" 
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Moreover,  other  facts  give  us  the  age  of  the  slates.  "  For  the 
limestones  at  the  northern  terminus  of  the  slate  seem  to  dip 
down  around  under  the  slate.  The  limestones  on  the  west  dip 
eastward  beneath  the  slate,  and  so  do  the  slates  and  limestone 
beds  on  the  east,  the  slate  being  an  inverted  synclinal  and  the 
limestones  abraded  anticlinals.  Indeed,  one  of  the  folds  of  the 
slate  shows  the  limestone  continuing  around  under  the  syncli- 
nal axis  of  the  slate."  "  The  evidence  is  plain  that  the  slates 
are  decidedly  the  more  recent."  Moreover,  thin  beds  of  lime- 
stone in  the  slate  actually  contain  Trenton  fossils  (p.  839). 

The  fact  that  the  slates  overlie  the  limestone,  and  are  there- 
fore Hudson  River  slates,  is  further  shown  in  the  direct  and 
nearly  horizontal  superposition  of  the  latter  by  the  former  in 
several  high  summits  south  of  Rutland,  as  in  Mount  Dorset  or 
Eolus  in  the  town  of  Dorset;  Dauby  Mountain,  on  the  borders 
of  Danby  and  Dorset,  just  north  of  Eolus ;  Equinox  Mountain, 
in  the  town  of  Manchester,  the  town  next  south  of  Dorset;  in 
Spruce  Peak,  in  Arlington,  to  the  southwest;  in  Mount 
Anthony,  in  Bennington,  farther  south ;  and  in  Graylock,  in 
northern  Berkshire,  in  Massachusetts. 

The  Vermont  Geological  Report  mentions,  on  the  authority  of 
determinations  by  Pro^ssor  Hall,  the  occurrence  in  the  Eolian 
limestone  of  a  species  of  Euomphalus  in  Sudbury  and  also  in 
Whiting ;  of  a  Zaphrentis  in  Sudbury,  and  also  in  Cornwall, 
along  wiUi  species  of  Euomphalus  and  (Ohaetetes:  of  iStromatopora 
in  Sudbury,  Orwell  and  Cornwall,  and  in  East  Middlebury,  Bran- 
don, New  Haven  and  Williston ;  of  large  JEncrincU  stems  in  Sud- 
bury and  Cornwall;  of  a  species. of  Stictopora  "remarkably  well 
defined"  in  Sudbury. 

The  Vermont  Report  gives  also  the  particulars  with  regard  to 
the  stratification  in  the  above  mentioned  mountains,  with  sec- 
tional views  of  some  of  them,  which  are  here  reproduced.  Mount 
Eolus  (fig.  10),  3,148  feet  above  the  sea-level,  has  a  cap  of  hydro- 
mica  slate,  about  600  feet  thick  (498  feet,  Vt.  Rep.,  p.  412),  over^ 
lying  in  a  very  shallow  synclinal  1,960  feet  of  Eolian  limestone. 

11. 


Ht.  Bolus,  Dorset  Spnioe  Peak,  ArlingtoiL 

Danby  Mountain  is  a  continuation  northward  of  the  same  moun- 
tain, with  the  same  stnictural  conditions,  but  with  the  slate, 
*'  according  to  a  rough  trigonometrical  calculation"  (Vt  Rep.,  p. 
438).  1,364  feet  thick.  In  Mt.  Equinox,  which  is  3,872  feet  m 
height,  according  to  Guyot,  the  limestone  rises  "  as  high  perhaps 
as  in  Mt.  Eolus.'^    In  Spruce  Peak,  Arlington  (fig.  11),  the  slates, 
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almost  horizontal  but  in  a  shallow  synclinal,  constitute  the  larger 
pan  of  the  height,  and  overlie  about  800  feet  of  limestone.  In 
the  Bennington  Mountain,  Mt.  Anthony  (fig.  12),  2,688  feet  high, 
the  Eolian  limestone  makes  the  base,  and  over  it  are  about  "  1,800 
feet  of  shales  and  schists,"  dipping  westward  on  the  iBast  side,  and 
slightly  eastward  on  the  west  side.    In  Graylock  (fig.  13),  having 

13. 


Mt  Anthony,  Bennington.  Grajlook. 

a  height  of  3,505  feet,  the  structure  is  like  that  of  the  mountains 
just  described.  The  section  of  the  mountain  here  given,  copied 
from  the  Vermont  Report,  is  that  published  by  Prof  Emmons. 
My  own  observations  in  the  region*,  undertaken  under  the  idea 
that  Prof  Emmons's  view  was  wrong,  ended  in  proving  him  right 
Over  2,000  feet  of  slates  overlie  the  limestone. 

Again,  the  occurrence  of  isolated  north-and-south  belts  or 
ledges  of  limestone  within  the  "great  central  slate  belt" — as  for 
example,  those  of  West  Rutland,  Ira,  Castleton,  Hubbardton,  Sud- 
tniry — suggests,  first,  that  the  slate  where  broadest  is  not  one 
synclinal,  but  one  with  several  subordinate  anticlinals  and  syn- 
clinals ;  and,  secondly,  that  the  limestone  was  brought  up  to  the 
surface  from  beneath  by  means  of  the  anticlinals. 

It  remains  to  give  an  account  of  the  fossils  and  stratification 
of  the  limestone  and  quartzyte  of  North  Middlebury  and  New 
Haven ;  of  the  eastern  belt  of  quartzyte  and  the  bordering 
limestone;  and  of  the  great  fault  at  Snake  Mountain,  west  of 
Middlel^ury ;  and  to  present  the  general  conclusion  deduced  by 
Mr.  Wing  from  his  observations. 

(To  be  continued.) 


Art.  XXXIX. — Notes  on  Vie  History  of  Helianihus  tuberosus y  the 
so-called  Jerusalem  Artichoke;  by  J.  Hammond  Trumbull 
and  Asa  Gray. 

Under  this  heading  the  Botanical  Editor  of  the  Journal 
proposes  to  oflTer  a  few  explanatory  remarks,  introductory  to 
the  subjoined  letter  which  he  received  from  Mr.  Trumbull  in 
answer  to  a  recent  enquiry. 

Linnaeus,  in  the  Species  Plantarum,  gave  to  Helianthus 
tuberosus  the  "habitat  in  Brasilia."  In  his  earlier  Hortus 
Clifforiianus  the  habitat  assigned  was  "  Canada."     M.  Alphonse 
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DeCandolle,  in  his  GSographie  Boiantque,  ii,  824,  (1855),  refers 
to  this  as  "  decidedly  an  error,  at  least  as  to  Canada  properly 
so  called,"  assigns  good  reasons  for  the  opinion  that  it  did  not 
come  from  Brazil,  nor  from  Peru  (to  which  the  name  under 
which  it  appeared  in  cultivation  in  the  Fam^  garden  seemed 
to  refer),  but  in  all  probability  from  Mexico  or  the  United 
States.  He  adds  that  Humboldt  did  not  meet  with  it  in  any 
of  the  Spanish  colonies. 

About  this  time  I  received  from  my  friend  and  correspondent, 
the  late  Dr.  Short  of  Kentucky,  some  long  and  narrow  tubers 
of  Helianthiis  doronicoides  Lam.,  with  the  statement  that  he  and 
some  of  his  neighbors  found  them  good  food  for  hogs,  and,  if 
I  rightly  remember,  had  planted  them  for  that  purpose.  They 
were  planted  here  in  the  Botanic  Garden ;  after  two  or  three 
years  it  was  found  that  some  of  the  tubers  produced  were 
thicker  and  shorter;  some  of  these  were  cooked  along  with 
Jerusalem  artichokes,  and  found  to  resemble  them  in  flavor, 
although  coarser.  Consequently,  in  the  second  edition  of  my 
Manual  of  the  Botany  of  the  Northern  United  States  (1856),  it  is 
stated  that  H.  doronicoides  is  most  probably  the  original  of  H. 
tuberosus.  This  opinion  was  strengthened  year  after  year  by 
the  behavior  of  the  tubers,  and  by  the  close  similarity  of  the 
herbage  and  flowers  of  the  two  plants,  as  they  grew  side  by 
side ;  indeed,  as  the  two  patches  were  allowed  to  run  together 
in  a  waste  or  neglected  place,  they  have  become  in  a  measure 
confounded.  Wishing  to  obtain  an  unmixed  stock,  I  applied 
last  autumn  to  Prof.  J.  M.  Coulter  of  Hanover,  Indiana,  and 
received  from  him  a  good  number  of  tubers  from  wild  plants 
of  the  neighborhood,  which  will  now  be  grown.  Some  of  these 
were  slender,  some  thicker  and  shorter,  and  a  few  were  to  all 
appearance  identical  with  Jerusalem  artichokes.  If  they  were 
really  all  from  one  stock,  as  there  is  reason  to  believe,  the 
question  of  the  origin  of  Helianthvs  tuberosus  is  well  nigh 
settled. 

We  were  now  interested  to  know  whether  our  Indians — at 
least  those  of  the  Mississippi  Valley,  where  H,  doronicoides 
belongs, — were  known  to  cultivate  these  tubers  or  to  use  tbem 
for  food.  Eecently  a  note  in  the  American  Agriculturist  called 
attention  to  a  sentence  in  Dr.  Palfrey's  History  of  New  Eng- 
land, i,  27,  stating  that  the  Indians  of  that  region  raised,  among 
other  articles  of  food,  "a  species  of  sunflower,  whose  esculent 
tuberous  root  resembled  the  artichoke  in  taste."  The  venerable 
historian  found  himself  at  the  moment  unable  to  refer  me  to 
the  sources  of  this  statement;  but,  as  it  was  now  certain  that 
some  record  of  the  kind  existed,  I  applied  to  Mr.  Trumbull, 
who  obligingly  and  promptly  supplied  the  information  required, 
and  plac^  it  at  my  disposal  in  the  following  letter : — 
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Hartford,  Conn.,  March  26, 1877. 

My  dear  Prof,  Oray: — I  cannot  refer  you  to  the  authority 
{totidem  verbis)  for  Dr.  Palfrey's  statement  that  the  Indians  of 
New  England  cultivated  "  a  species  of  sunflower  whose  esculent 
tuberous  root  resembled  the  artichoke  in  taste,''  but  there  can 
be,  I  think,  little  doubt  of  the  fact  The  historical  evidence 
that  '*artischoki  sub  terrsl''  were  cultivated  in  Canada  and  in 
some  parts  of  New  England  before  the  coming  of  Europeans  is 
tolerably  clear.  The  only  question,  if  there  be  any,  is  as  to 
species,  and  this  does  not  appear  to  have  been  raised  for  more 
than  half  a  century  after  the  "Jerusalem  artichoke''  was  known 
to  English  and  Continental  botanists. 

I  can  discover  no  authority  whatever,  before  1700,  for  ascrib- 
ing to  the  Helianihus  tuberosus,  either  a  Brazilian  or  a  Mexican 
origin,  except  —  and  the  exception  is  unimportant  —  in  C. 
Bauhin's  identification  (in  his  Pinax,  277)  with  "  Helianthemum 
Indicum  tuberosum  "  (H.  tuberosus,  L.),  of  a  plant  that  he  had 
described  in  his  earlier  Prodromus  (ed.  1671,  p.  70)  as  "Chrysan- 
themon  latifolium  Brasilianum"  from  a  dried  specimen  sent 
to  him  "eo  nomine"  from  the  garden  of  Contarini. 

The  first  trace  I  find  of  this  species,  in  Europe,  is  in  the 
2d  part  (cap.  6)  of  Fabio  Colonna's  "Ecphrasis  minus  cognita- 
rum  stirpium,"  published  at  Rome  in  1616.  He  described  it 
from  a  plant  growing  in  the  garden  of  Cardinal  Farnese.  The 
sunflower  was  already  well  known  to  European  botanists,  and 
had  been  described  and  figured  by  Dodoens  (1563)  and  Lobel 
(1576)  as  "Chrysanthemum  Peruvtanum^^  and  "Flos  solis 
Peruvianus"  With  reference  to  these  descriptions,  probably, 
Colonna  gave  the  new  species  the  name  of  "Aster  Peruanits, 
tuberosa  radice,"  otherwise  "  Solis  flos  Farnesianus."  (He  gave 
a  more  particular  description  of  the  plant  in  his  annotations 
to  Recchi's  Hernandez,  Plant  Mexic  Hist,  1651,  pp.  878,  881, 
as  "  Peruanus  Solis  flos  ex  Tndiis  tuberosus.") 

The  author  of  the  "  Descriptio  variorum  plantarum,  in  Horto 
Farnesiano,"  published  under  the  name  of  Tobias  Aldinus 
(Rome,  1625),  gave  some  account  of  the  7'ooiSy  which  he  calls 
"Tubera  Indica,"  of  the  "Solis  Flos  tuberosus,  seu  Flos  Farnes- 
ianus Fabii  Columnae  "  (p.  91).  It  may  be  observed,  that  sev- 
eral of  the  rarer  plants  in  the  Farnese  garden,  at  this  time,  were 
from  "Canada"  and  "Virginia."  The  Passion  Flower  (admir- 
ably figured  by  Aldinus)  is  described  under  its  Virginian  name, 
"Maracot"  (the  "Maracocks"  of  John  Smith  and  Strachey); 
and  a  "Campanula  Americana"  is  otherwise  named  "Campan- 
ula Virginiana,  seu  ex  Virginiis  insulis." 

C.  Bauhin,  in  his  Pinax  (first  published  in  1623),  ed.  1671, 
p.  276,  notes  that  the  "  Helianthemum  Indicum  tuberosum  "  is 
called  "Chrysanthemum  i  Canada,  quibusdam.  Canada  et  Ar- 
tischoki  sub  terrd,  aliia     Gigantea,  Burgundis." 
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P.  Laurenberg,  ApparaL  plant,  (Rostock,  1682),  names  the 
species,  "  Adenes  Canadenses  or  Flos  Solis  glandulosus."  Ant 
V allot,  Hortus  Regis  Paris.^  1665  (as  cited  by  Baubin)  gives  the 
names  •*  Canada  and  Ariischoki  sub  terrfi,"  and  "  Canadas,^'  and 
describes,  also,  "Helenium  Canadense  altissimum,  Vosacan 
dictum,"  which  Tournefort  distinguishes  as  "Corona  Solis 
rapuncuK  radice^^  (Inst  Herb.  490),  and  which  became  H, 
8trumo9U8  L.  "  Vosacan,"  by  the  way,  is  a  French  fashion  of 
writing  the  Algonkin  word  wassakone  or  wassakwdn^  which 
means  a  *  bright  yellow  flower.'  The  modern  Chippeways  give 
this  name  to  the  flowers  of  the  pumpkin  and  squash. 

Under  whatever  name  the  Jerusalem  Artichoke  was  described, 
there  seems  to  have  been  a  general  agreement  among  European 
botanists  that  it  came  from  Canada.  F.  Schuyl,  CaiaL  Horti 
Lugd  Bat  (Heidelberg,  1672),  varies  the  specific  name  to 
"Chrysanthemum  Canadense  Artimosumy  P.  Amman.  Charac. 
Plant  Nat  (1676),  has  "  Helenium  Canadense." 

It  was  introduced  to  England  about  1617.  In  that  year,  Mr. 
John  Goodyer,  of  Maple  Durham,  Hampshire,  "  received  two 
small  roots  thereof,  from  Mr.  Franquevill  of  London,"  which 
were  planted,  and  enabled  him,  before  1621,  to  "store  Hamp- 
shire. He  wrote  an  account  of  the  plant,  under  date  of  Octo- 
ber 17,  1621,  for  T.  Johnson, — who  printed  it  in  his  edition  of 
Gerard,  1686  (p.  768).  Before  this  the  species  had  been  figured 
and  described  oy  J.  Parkinson,  in  Paradisusf  Terrestris  {London, 
1629),  as  "Battatas  de  Canada,''  and  in  his  Theatei^  of  Plants 
1640  (p.  1388),  he  has  the  figure — a  good  one — without  the 
description,  under  the  names  "Battatas  de  Canada,  the  French 
Battatas,  or  Hierusalem  Artichoke."  Johnson,  in  Gerard  (p. 
753),  refers  to  Parkinson's  description,  and  gives  the  name  as 
"Flos  Solis  Pyramidalis,  Jerusalem  Artichoke."  It  already 
grew  "well  and  plentifully  in  many  parts  of  England." 

The  notices  by  early  voyagers,  of  ground-nuts,  eaten  by  the 
Indians,  are  generally  so  brief  and  so  vague,  that  it  is  not 
easy  to  distinguish  the  three  or  four  species  mentioned  under 
that  name  or  its  equivalents.  The  Manum  tuberosum,  Apios 
tuberosa,  Araiia  trifolia,  and  a  Cyperus  {articulatus  t)  were  all 
"ground  nuts,"  or  "earth  nuts."  We  find,  however,  in  a  few 
instances,  unmistakable  mention  of  the  roots  already  known  in 
Europe  as  "  Canadian." 

Brereton,  in  his  account  of  Gosnold's  voyage  to  New  Eng- 
land in  1602,  notes  the  "great  store  of  ground  nuts"  found  on 
all  the  Elizabeth  Islands.  They  grow  "forty  together  on  a 
string,  some  of  them  as  big  as  a  hen's  egg"  (Purchaa,  iv,  1651). 
These,  doubtless,  were  the  roots  of  Apios  tuberosa.  But  when 
Champlain,  a  few  years  later  (1605-6)  was'in  the  same  r^ion, 
he  observed  that  the  "  Almouchiquois "  Indians   near  Point 
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Mallebaire  (Nauset  harbor,  probably,)  bad  "  force  des  racines 
qu^els  cultiventj  lesquelles' on^  fe  ga&t  d^artichaut"  (Voyages,  ed. 
1682,  p.  84).  And  it  is  to  these  roots,  evidently,  that  Lescar- 
bot  alludes,  HisUrire  de  la  Nouv.  France^  1612  (p.  840) :  there 
is,  he  says,  in  the  country  of  the  Armouchiquois  (i.  a.  New 
England,  west  and  south  of  Maine,)  a  certain  kind  of  roots 
^^  grosses  comme  naveaux,  tr^  excellentes  k  manger,  ayans  un 
g<ku  reiirarU  aux  cardes,  mais  plus  agr6able,  lesquelles  planiSes 
muUiplient  en  telle  faoon  aue  c'est  merveille ;"  and  he  thinks 
these  must  be  the  **  Afrodilles  "  described  by  Pliny. 

Sagard-Theodat  {Hist  du  Canada^  1686,  p.  785)  mentions  the 
cultivation  of  the  sunflower,  by  the  Hurons — who  extracted  oil 
from  its  seeds, — ^and  names  also  the  "roots  that  we  [the  French] 
call  Canadiennes  or  Pommes  de  Canada^  and  that  the  Hurons 
call  Orasqueintay  which  are  not  very  (assez  peu)  common  in 
their  country.  They  eat  them  raw,  as  well  as  cooked,  as  they 
eat  another  sort  of  root  resembling  parsnips  [Sium  lineare?], 
which  they  call  Scnidhratates,  and  which  are  much  better ;  but 
they  seldom  gave  us  these,  and  only  when  they  received  some 
present  from  us  or  when  we  visited  them  in  their  cabins."  He 
goes  on  to  speak  of  "  patates,  fort  grosses  et  trte-excellentes," 
some  of  which  he  had  obtained  from  an  English  vessel  cap- 
tured by  the  French ;  but  none  of  these  were  to  be  found  m 
the  Huron  country,  nor  could  the  Indians  tell  him  the  name 
of  them ;  and  he  regretted  that  he  had  not  brought  some  with 
him,  for  planting,  since  "  this  root,  being  cut  in  pieces  and 
planted,  quickly  grows  and  multiplies,  it  is  said,  like  the 
pommes  de  Canada!^  (pp.  781,  782).  It  is  plain  that  the  Huron 
roots  first-mentioned  were,  or  that  Sagard  believed  them  to  be, 
*  Jerusalem  Artichokes,' — already  known  as  "Canadian." 

I  find  no  mention  of  the  artichoke  in  Virginia,  or  the  southern 
colonies,  before  it  was  cultivated  by  Anglo-Americans.  The 
author  of  "A  Perfect  Description  of  Virginia,"  printed  in  1649, 
says  that  the  English  planters  have  (inter  alia)  "  roots  of  several 
kindes,  Potatoes,  Sparagus,  Garrets,  .....  and  Hartichokes." 
Beverly,  (Hist,  of  Virginia,  1722,  p.  254),  mentions  "  Batatas 
Canadensis,  or  Jerusalem  Artichoke,"  as  planted  by  some  of 
the  English,  for  brewing  beer.  Yet,  the  name  of  one  of  the 
esculent  roots  mentioned  by  Hariot  (Brief  and  True  Report,  etc., 
1585)  oright  to  belong  to  some  species  of  *  Sun  Flower — and  if 
to  any,  to  H.  ivherosus,  Hariot  names  three  tuberous  roots 
found  in  Virginia :  "  Opmauk^  a  kind  of  roots  of  round  form, 
some  of  the  bignes  of  walnuts,  some  far  greater,  which  are 
found  in  moist  and  marish  grounds  growing  many  together  one 
by  another  in  ropes,  or  as  though  they  were  fastened  with  a 
string.  Being  boiled  or  sodden,  they  are  verjr  cood  meate." 
[C.  Bauhin  (Prodromus,  89)  identifies  these  with  "Solanum 
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tuberosum  esculentum," — and  has  been  followed  by  later  wri- 
ters. The  description  seems  to  me  to  indicate  Apios  tuherosa.'] 
^'' Kaishricpenauk^  a  white  kind  of  roots  about  the  bignes  of  hen 
egs  and  nere  of  that  forme :  their  taste  was  not  so  good  to  our 
seeming  as  of  the  other,  and  therefore  their  place  and  manner 
of  growing  not  so  much  cared  for  by  vs:  the  inhabitants 
notwithstanding  vsed  to  boile  and  eat  many."  These  may  be 
'Virginia  potatoes/  but  their  name,  if  Hariot  recorded  it  cor- 
rectly, means  ^ASwn-tubers.'  The  etymology  is  perfectly  clear. 
The  other  roots  described  by  Hariot,  "  Okeepe7iaiJc  are  also  of 
round  shape,  found  in  dry  grounds :  some  are  of  the  bignes 
of  a  man's  head,"  etc.  These  must  be  the  "Tubera  terrse 
maxima,"  of  Clayton,  "  vulgo  Tuckahoo,''  which  Gronovius  (Fl. 
Virgin.,  206)  refers  to  Lycoperdon  aoUdum  L ,  and  for  which 
Eafinesque  (Med.  Fl.  ii,  270)  proposed  a  new  genus  *-Tacahus." 
Kalm  describes  them  (Travels,  i,  225)  as  "Truffles."  Fries  (El. 
Fung,  ii*  89)  assigns  them  to  his  Pachyma  cocas. 

Writing  in  haste  and  with  frequent  interruptions,  it  has  been 
possible  to  do  little  more  than  copy,  without  condensing  or 
arranging,  such  notes  as  I  had  before  me.  They  have  extended 
to  such  a  length  that  I  must  not  add  even  an  apology  for  the 
superfluous  matter.  Yours  truly, 

J.  EL  Trumbull. 

It  would  be  interesting  to  know  whence  came  the  French 
name  of  these  Helianthus  tubers,  *' Topi  nam  bour,"  it  being  the 
only  thing  in  the  case  which,  as  Mr.  Trumbull  remarks,  "looks 
to  a  Brazilian  origin,  as  it  seems  to  be  derived  (and  so  Littr^ 
gives  it)  from  the  Topinamboux  Indians  of  Brazil"  The  En- 
glish name,  "  Jerusalem  Artichoke,"  comes,  as  is  well  known, 
from  the  Italian  Oirasola,  i.  e.,  sun-flower. 

As  to  the  annual  sunflower,  or  Helianthus  annuus^  said  by 
Linnaeus  to  come  from  "  Peru"  and  "  Mexico,"  I  have  (or  some 
years  been  convinced  that  its  original  is  the  H.  leniicularis  of 
Douglas,  which  again  is  probably  only  a  larger  form  of  K 
.  petiolaris  of  Nuttall,  natives  of  the  western  part  of  the  Missis- 
sippi Valley  and  of  the  plains  to  and  beyond  the  Rocky  Moun- 
tains. It  is  an  interesting  confirmation  of  this  opinion,  that 
Sagard  (as  mentioned  in  the  above  communication)  and  Cham- 
plain  found  this  sunflower  in  cultivation  by  the  Huron  In- 
dians, for  the  sake  of  the  oil  of  its  seeds,  which  they  used  for 
hair-oil. 
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Art.  XL — A  new  Investigation  of  one  of  the  Laws  of  Friction; 
by  A.  S.  Kimball,  Professor  of  Physics  in  the  Worcester 
Institute  of  Industrial  Science. 

Reuleaux,  in  the  appendix  to  his  recently  published  "Cin- 
ematics of  Machinery,  says  that  **  many  engineering  schemes 
have  failed  because  they  were  designed  in  accordance  with  the 
statements  given  in  our  text-books  as  the  laws  of  friction." 
He  furthermore  adds,  "that  it  is  time  that  the  experiments  of 
Bochet  and  Hirn  should  be  raised  from  their  place  as  foot-notes 
to  a  position  in  the  text" 

During  the  last  year,  I  have  conducted  experiments,  on  as 
extensive  a  scale  as  our  laboratory  would  allow,  for  the  purpose 
of  settling,  if  possible,  certain  contested  points  in  the  aoctrine 
of  friction. 

Our  manuals  of  mechanics,  following  Morin  and  Coulomb, 
say  the  coeflBcient  of  friction  does  not  vary  with  the  velocity. 
Bochet  says  that  it  decreases  as  the  velocity  increases.  Hirn  says 
that  it  increases  as  the  velocity  increases.  Contradictory  as  these 
statements  are,  it  is  probable  that  each  contains  a  partial  truth. 
They  need  to  be  combined  to  make  a  complete  statement. 

The  results  of  my  experiments,  which  this  paper  is  to  de- 
scribe, would  indicate  that  the  following  is  the  true  law,  within 
the  range  of  my  experienca  The  coefficient  of  friction  at  very 
low  velocities  is  small ;  it  increases  rapidly  at  first,  then  more 
gradually  as  the  velocity  increases,  until  at  a  certain  rate,  which 
depends  upon  the  nature  of  the  surfaces  in  contact  and  the 
intensity  of  the  pressure,  a  maximum  coefficient  is  reached. 
As  the*velocity  continues  to  increase  beyond  this  point,  the 
coefficient  decreases.  An  increase  in  the  intensity  of  the  press- 
ure (the  number  of  pounds  on  a  square  inch),  changes  the  posi- 
tion of  the  maximum  coefficient,  and  makes  it  correspond  to  a 
smaller  velocity.  The  more  yielding  the  materials  between 
which  the  friction  occurs,  the  higher  is  the  velocity  at  which 
the  maximum  coefficient  is  found.  Heating  the  rubbing  boflies 
changes  the  position  of  the  maximum  coefficient  to  a  higher 
velocity,  since  by  heat  the  bodies  are  made  softer,  and  are  caused 
to  yield  to  pressure  with  greater  ease.  For  a  considerable  range 
of  velocities  in  the  vicinity  of  the  maximum  coefficient  the 
coefficient  is  sensibly  constant 

The  experiments  upon  which  I  base  my  conclusions  may  be 
classified  as  follows': 

(1.)  Sliding  friction  down  an  inclined  plane. 

(2.)  Sliding  friction  at  uniform  velocities  on  a  horizontal  plane. 

(3.)  Friction  of  belts  on  the  surface  of  cast  iron  pulleys. 
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(4.)  Friction  of  wrought  iron  journals  in  boxes  or  bearings 
of  different  materials. 

(1.)  Sliding  friction  down  an  inclined  plane, — A  full  descrip- 
tion of  the  apparatus  used,  and  some  of  tne  results  obtained,  will 
be  found  in  tnis  Journal,  March,  1876 ;  also  in  Van  Nostrand's 
Eclectic  Engineering  Journal,  June,  1876.  It  is  sufficient  for  my 
purpose  to  say  that  the  sliding  body  was  made  to  carry  a  smoked 
glass,  upon  which  was  traced  a  waved  line,  which  by  direct 
measurement  gave  the  time  of  sliding  and  the  spaces  passed 
over,  from  which  it  was  easy  to  compute  the  corresponding 
coefficients  of  friction.  In  the  article  referred  to,  no  velocities 
less  than  two  feet  a  minute  were  examined.  An  extension  of 
the  same  experiment,  to  the  case  of  much  lower  velocities, 
showed  a  curve  concave  toward  the  time  line,  indicating  that 
at  these  velocities  the  coefficient  of  friction  was  increasing.  As 
the  velocities  increased,  the  line  changed  its  direction  and  be- 
came convex  toward  the  time  line ;  thus  giving  in  the  limits 
of  one  experiment  a  verification  of  the  statements  made  above. 
For  further  particulars  respecting  this  method  of  experiment,  I 
refer  to  the  article  published  in  March  of  last  year. 

(2.)  Sliding  friction  at  uniform  velocUies  on  a  horizontal  plane. 
— A  heavy  pine  plank,  fifteen  feet  long,  whose  surface  had  been 

51aned,  was  carefully  leveled  on  the  floor  of  the  laboratory, 
^he  weight-box  was  mounted  upon  shoes  which  could  be  cov- 
ered with  the  material  experimented  upon.  To  its  forward  end 
a  spring  dynamometer  was  attached,  which  was  pulled  by  a 
cord  wound  around  a  drum,  which  was  made  to  revolve  at  a 
constant  velocitv.  The  motive  power  was  a  fifteen  horse-power 
Corliss  engine,  belonging  to  our  machine  shop,  whose  fly-wheel 
runs  with  great  regularity  at  the  rate  of  sixty  revolutions  a 
minute.  A  shaft  from  the  shop  runs  underground  to  the  cellar 
beneath  my  laboratory,  whence  through  several  countershafts 
the  power  is  transmitted  to  any  part  of  the  room.  By  means  of 
change  pulleys,  I  can  easily  command  a  great  range  of  veloci- 
ties. 

The  experiments  were  made  by  drawing  the  box  along  the 

Slane  at  various  velocities,  and  reading  the-  friction  from  the 
ynamometer.  This  combination  answers  very  well  for  low 
velocities,  but  the  slide  can  not  be  easily  stopped  when  the 
speed  is  great 

Several  series  of  experiments  were  made,  with  wood  on  wood, 
also  with  leather  on  wood.  The  results  verify  the  first  part  of 
my  statement,  that  the  coefficient  of  friction  increases  with  the 
velocity,  when  this  is  small.  The  following  are  some  of  the 
results  obtained  by  this  method  of  experiment. 
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Table  L — Pine  on  pine.     Slide  loaded  mth  100  lbs.     Velocity  in 
inch69  in  a  minute. 
y.  Coefficient  of  Friction. 

5 19 

11 -20^ 

75 -24 

300 -26 

Table  IL — Leather  on  pine.     Slide  loaded  with  100  Jhs.    Velocity 
in  inches  in  a  minvte. 
y.  Coefficient  of  Friction. 

•79 -22 

1-58 -27 

3-94 -33 

9-98 -36 

2914 -38 

72-60 ..  -41 

167-60 -43 

226-80 -46 

300-       -46 

466- -47^ 

These  experiments  show  the  increase  of  friction  with  the 
velocity  at  low  speeds  quite  clearly ;  and  in  connection  with 
the  series  published  last  March,  which  showed  its  decrease  at 
hit^h  velocities,  would  prove  the  high  probability  of  the  law  as 
I  have  stated  it,  especially  since  the  experiment  on  the  inclined 
plane  has  been  made  to  show  a  variation  of  the  coefficient  from 
a  low  value,  through  a  maximum,  to  a  low  value  again,  while 
the  velocity  constantly  increases. 

(8.)  Friction  of  belts  on  the  surface  of  cast  iron  pulleys. — A  piece 
of  leather  belting  was  bung  over  a  cast  iron  pidley.  To  one 
end  a  determined  tension  was  given  by  a  fixed  weight;  to  the 
other  end  was  attached  a  spring  dynamometer.  The  tension  of 
the  ends  of  the  belt  being  Known,  the  coefficient  of  friction  was 
easily  found.  Several  pulleys  were  used,  and  various  kinds  of 
belting ;  and  a  considerable  range  of  tensions  was  employed, 
with  uniform  results. 

Two  tables  are  here  given,  one  selected  to  show  the  increase 
of  the  coefficient  at  low  speeds,  the  other  to  show  the  existence 
of  a  maximum  coefficient  at  a  definite  velocity.  In  the  third 
table,  the  first  column  gives  the  velocity  in  feet  in  a  minute; 
the  second  and  third  give  the  tensions  of  the  ends  of  the  belt; 
and  the  fourth  ^ves  the  relative  values  of  the  coefficients  found, 
the  maximum  m  each  case  being  represented  by  l^K).  I  give 
relative  values,  since  they  show  variations  more  clearly  tnan 
the  absolute  values. 
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Tablb  IIL 

V.  T,.  T,.  0. 

•37  30  13  -42 

•52  30  12i  -44 

1-1  30  Hi  -48 

2-3  80  lOi  -63 

2-9  30  10  •SS 

4*4  30                        9i  -58 

16^4  80                        6i  'IS 

34-1  30                        5i  *86 

80*3  80                        ^  -96 

104-5  30                        4i  99 

228-8  30                        4}—  1-00 

In  the  following  table  only  velocities  and  relative  coefficienta 
are  given. 

Table  IV. 

V.  0. 

18 -82 

92 -93 

660  1-00 

1190 -96 

1980 -82 

2969 69 

(4)  Friction  of  wrought  iron  journals  in  boxes  ofdiffo'ent  mate- 
ricUs. — In  this  course  of  experiments  a  modification  of  the  fric- 
tion brake  was  used.  A  description  of  the  arrangement  in  one 
series  will  serve  for  all  the  others.  A  shaft  1"  in  diameter  was 
adjusted  so  that  it  could  be  driven  at  almost  any  rate  between 
one  revolution  in  two  days  and  1,000  in  a  minute.  A  hole  was 
bored  through  a  block  of  cast  iron  8i''x3J''x  IJ'',  and  carefully 
fitted  to  the  shaft ;  rigid  iron  rods  were  screwed  into  the  top 
and  bottom  of  this  block,  and  adjusted  to  stand  in  a  vertical  line 
at  ri^ht  angles  to  the  shaft.  Upon  these  rods  slotted  weights 
could  be  placed,  and  thus  the  pressure  upon  the  shaft  and  the 
center  of  gravity  of  the  brake  could  be  readily  adjusted.  Upon 
the  front  of  the  block  a  plane  mirror  was  fastened,  and  before 
it,  at  a  convenient  distance,  were  placed  a  scale  and  telescope. 
When  the  shaft  was  turned,  the  friction  between  it  and  the 
brake  caused  the  latter  to  turn  until  the  moment  of  the  friction 
was  equal  to  that  of  the  brake,  and  the  angle  at  which  this 
equality  was  established  could  be  read  from  the  scale  by  the 
telescope.  As  the  center  of  gravity  was  always  adjusted  so 
that  the  brake  never  revolved  through  an  angle  of  more  than 
three  degrees,  the  scale  readings  were  approximately  propor- 
tional to  the  coefficient  of  friction ;  and  since  relative  and  not 
absolute  results  were  sought  for,  the  labor  of  reduction  was 
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not  undertaken.  Several  tables  will  be  given  to  illustrate  the 
method  of  conducting  a  series  of  experiments  with  this  appa- 
ratus. 

Table  V. 

Wrought  iron  shaft,  1'  diam. ;  box,  cast  iron,  l^'  long ;  load,  100  lbs. 
Shaft  well  oiled. 

Velocity  of  the  eircumfertnce  of  the  shafL 

No.  1,  72*.  No.  2,  272'.  No.  3,  606'.  No.  4,  1320*. 
Scale  readings 515  500 


515 

500 

... 

... 

515 

495 

... 

... 

515 

495 

- .  - 

515 

495 

... 

... 

515 

495 

... 

... 

515 

485 

... 

515 

485 

... 

520 

485 

... 

520 

485 

... 

520 

485 

... 

520 

490 

... 

525 

... 

480 

525 

... 

480 

525 

... 

480 

525 

... 

475 

525 

- .  - 

480 

525 

... 

485 

519 

497 

486 

480 

464 

464 

464 

464 

Mean 

Position  of  equilibrium  464 

Deflections 65  88  22  16 

lielative  vcdues  of  the  coefficient  of  friction. 
No.  1,  1-00.        No.  2,  -60.        No.  8,  -40.        No.  4,  -29. 

The  results  given  above  were  made  with  high  velocities,  and 
show  coefficients  of  friction  decreasing  as  the  velocity  increases. 

The  results  of  a  similar  series  with  very  low  speeds  are 
given  in  the  next  table. 

Table  VL 

Velocity  of  the  circumference  of  the  ehaft:  No.  1,  -007';  No.  2, 

•027';  No.  3,  -060';  No.  4,   132'  in  a  minute. 

No.  1,  -37.  No.  2,  -61.  No.  8,  -78.  No.  4,  1-00. 

These  results,  unlike  those  of  the  former  table,  show  a  coeffi- 
cient of  friction  increasing  a^  the  velocity  increases. 

A  large  number  of  experiments  similar  to  those  given  above 
have  been  made  with  uniform  results. 
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I  have  been  able  to  verify  experimentally  the  law  stated 
early  in  this  paper  in  the  following  cases:  wood  sliding  on 
wood,  wood  on  iron,  leather  on  iron,  zinc  on  iron,  and  copper 
on  iron ;  and  to  obtain  results  verifying  the  first  half  of  the 
law  in  the  case  of  leather  on  wood. 

The  experiments  above  detailed  make  it  easy  to  explain  the 
various  results  obtained  by  the  three  authorities  quoted  at  the 
beginning  of  this  paper.  Morin  experimented  under  conditions 
which  gave  him  a  coeflBicient  very  near  the  maximum,  and  thus 
his  results  are  approximately  constant  Bochet  experimented 
with  railway  trains,  his  conditions  were  high  speeds,  hard 
rubbing  surfaces,  and  great  intensity  of  pressure.  All  these 
circumstances  are  favorable  to  the  result  he  obtained,  namely, 
a  coeflScient  decreasing  as  the  velocity  increases.  Him,  on  the 
other  hand,  employed  very  light  pressures,  less  than  two  pounds 
on  a  square  incn,  and  kept  his  rubbing  surfaces  so  thoroughly 
lubricated  that  the  friction  was  between  oil  and  oil  instead  of 
two  metal  surfaces:  his  speeds  were  not  very  great  These 
conditions  are  precisely  the  ones  I  have  found*  favorable  to  the 
results  he  reached, — a  coefficient,  increasing  as  the  velocity 
increases.  It  would  be  very  easy  to  form  a  theory  which 
would  account  for  the  variation  of  friction  with  the  velocity,, 
under  the  rule  I  have  given. 

It  is  well  known,  that  if  a  given  deflection  in  a  bar  is  pro- 
duced by  a  weight  acting  for  five  seconds,  for  example,  that 
the  same  deflection  may  be  produced,  by  a  less  weight,  acting 
for  a  longer  time,  ifow,  as  the  force  required  to  overcome 
friction  is,  partially  at  least,  expended  in  bending  down  the 
minute  irregularities  on  the  surface  of  the  rubbing  bodies,  it 
becomes  evident  how,  other  things  being  equal,  a  rapid  motion 
would  call  for  the  exertion  of  a  greater  force  than  would  be 
required  if  the  motion  were  slow. 

On  the  other  hand,  the  longer  two  surfaces  under  pressure 
are  in  contact  the  greater  must  be  the  interlocking  of  the  irregu- 
larities upon  the  rubbing  surfaces.  On  this  account  a  rapid 
motion  would  not  require  the  expenditure  of  so  great  a  force  to 
overcome  the  friction.  Thus,  we  have  two  effects,  varying 
with  the  velocity,  but  having  opposite  signs. .  Now  it  is  not 
probable,  from  the  nature  of  the  case,  that  these  efffects  are 
numerically  equal,  or  even  proportional,  and  thus  we  can,  at 
the  least,  say  that  the  conditions  are  favorable  to  the  existence 
of  a  maximum  resultant  effect.  Having,  however,  ascertained 
the  fact  by  experiment,  the  explanation  becomes  a  matter  of 
minor  importance. 

It  may  be  said  that  these  facts  have  no  practical  importance 
at  the  velocities  ordinarily  employed.  I  would  call  attention 
to  Table  V,  where  it  will  be  seen  that  by  increasing  the  veloc- 
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Hy  of  shafting  within  the  limits  of  ordinary  shop  practice,  a 
reduction  of  the  coeflBcient  of  friction  of  (juite  fifty  per  cent 
may  be  mada  The  pressure  on  the  shaft  might  also  be  reduced, 
for  it  would  be  unnecessary  to  maintain  so  great  a  tension  upon 
the  belts,  and  thus  in  some  cases  a  very  considerable  economy 
of  power  might  be  eflfected.  We  know  that  in  many  shops  a 
large  fraction  of  the  power  developed  by  the  engine  is  expended 
in  overcoming  the  fnction  of  the  shafting  and  machinery. 

On  the  other  hand,  it  is  desirable  that  the  friction  of  the  belt 
upon  the  pulley  should  be  as  great  as  possible.  The  conditions 
usually  met  with,  which  determine  the  friction  of  belts,  are, 
low  intensities  of  pressure,  a  rubbing  surface  which  yields  with 
considerable  ease.  In  such  cases  a  high  speed  is  needed  to 
develop  the  greatest  amount  of  friction'.  See  Tables  HI  and 
IV. 

I  am  under  obligations  to  Messrs.  Butterfield  and  Wilson, 
who  have  rendered  me  valuable  assistance  in  conducting  the 
experimental  work  of  this  investigation. 

I  hope  soon  to  be  able  to  give  tabulated  results,  which  may 
have  a  certain  practical  value  to  working  engineers. 


Abt.  XLI. — Examination  of  American  Minerals.  No.  6. — 
Descriptiort  of  Columbic  Add  Minerahfrom  new  localities  in 
the  United  States^  onbracing  a  reclamation  for  the  restoration  of 
the  name  Columhium  to  Vie  element  now  called  Niobium, 
Description  and  analyses  of  Columhite,  Samarskite^  Euxenite, 
and  hergusonite^  and  the  new  species  Hatchettolite^  and  Rogersite; 
by  J.  Lawbence  Smith,  Louisville,  Ky. 

It  is  the  common  practice  of  all  American  chemists  and  min- 
eralogists to  speak  of  the  metal  which  is  called  Niobium  by 
English  and  continental  chemists,  as  Columbium,  This  is  emi- 
nently just,  since  the  metal  was  discovered  and  well  defined,  and 
named  columbium,  forty-five  years  before  the  name  niobium 
was  given  to  it.  The  change  of  name  was  caused  by  a  double 
mistake,  in  no  way  connected  with  the  original  observations  in 
1801  by  Prol  Hatchett  of  England. 

These  mistakes  arose  as  follows: — In  the  first  place,  Eke- 
berg  discovered  in  1802  a  supposed  new  metal  which  he  called 
tantalum,  but  which  a  short  time  afterward  was  regarded  as 
identical  with  columbium;  and  for  fortj-five  years  tantalum 
and  columbium  were  synonymous  terms  in  all  works  on  chem- 
istry, although  WoUaston  suspected  their  dissimilarity;  sec- 
ondly, when  II.  Bose  made  his  well-known  exhaustive 
researches  on  the  columbite  of  Bodenmais,  he  showed  that  this 
▲m.  Joub.  Soi.— Thibd  Sbbibs,  Vol.  xm,  No.  77.— Mat,  1877. 
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mineral  contained  not  one  but  two  metallic  acids ;  one  of  these 
was  tantalum,  and  the  other  be  supposed  to  be  a  new  metal 
which  he  named  niobium.* 

Subsequent  examination,  however,  convinced  Bose  (and  his 
conclusions  have  been  confirmed  by  others  who  have  repeated 
his  experiments),  that  the  two  metallic  acids  obtained  from  the 
Bodenmais  columbite  were  really  the  original  columbic  acid  of 
Hatchett,  discovered  in  1801,  and  the  tanialic  acid  discovered 
by  Ekeberg  in  1802.  Instead,  however,  of  calling  the  first 
mentioned  acid  niobic  acid,  its  original  name  should  have  been 
left  to  it.  The  result  of  Rose's  researches  was  in  fact  simply 
the  demonstration  of  the  actual  diflference  of  columbium  and 
tantalum  ;  for  Hatchett's  discovery  was  clear,  precise,  and  well 
made  out,  and  has  never  been  controverted. 

This  being  a  correct  summary  of  the  history  of  the  composi- 
tion of  the  columbium  minerals,  it  is  but  right,  just,  and  in 
accordance  with  chemical  and  mineralogical  precedence,  .that 
the  name  given  bj  the  discoverer  should  replace  that  of  nio- 
bium, which  originated  forty -five  years  later. 

A  point  of  less  importance,  but  worthy  of  some  considera- 
tion, IS,  that  this  element  derived  its  name  from  the  country  in 
which  it  was  discovered,  it  being  the  first  and  up  tt>  the  pres- 
ent time,  the  only  element  discovered  in  that  part  of  America 
usually  named  Columbia. 

In  addition  to  the  above,  an  interesting  fact  connected  with 
the  minerals  of  this  group,  is,  that  all  the  varieties,  save  one  or 
two,  have  been  discovered  in  greater  quantities  and  in  larger 
crystals  in  the  United  States  than  in  other  known  localities ; 
for  crystals  of  columbite  weighing  from  one-half  to  seven 
kilograms  have  been 'found  at  or  near  the  locality  where  the 
specimen  was  obtained  that  was  sent  to  Hatchett,  and  several 
other  localities  far  removed  from  the  original  one  have  since 
been  brought  to  light.  More  recently,  the  highly  interesting 
and  rare  columbate,  samarskite,  has  been  discovered  in  a  local- 
ity in  North  Carolina,  and  already  at  one  spot  five  hundred 
kilograms  have  been  taken  out.  Among  the  minerals  from  this 
last  locality,  besides  the  samarskite  and  columbite,  I  have 
detected  two  new  columbates,  and  also  good  specimens  of 
euxenite.  More  recently,  I  have  found  columbite  embedded 
in  those  remarkable  crystals  of  green  feldspar— Amazon  stone — 
coming  from  El  Paso  County,  Colorado,  and  which  are  the 
admiration  of  all  mineralogists. 

Besides  the  above,  fergusonite  in  fine  specimens,  although 
small  in  size,  has  been  found  in  the  granite  formation  of  Rock- 
port,  Mass.     In  fact,  if  we  look  at  the  localities  of  columbium 

*  H.  Rom  still  soppoeing  that  this  tantalum  was  the  same  as  what  was  knonvB 
equally  well  as  oolumbium. 
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minerals  on  the  North  American  continent,  they  will  be  found 
to  range  from  Greenland  in  the  north  to  Carolina  in  the  south, 
from  Massachusetts  on  the  east  to  Colorado  on  the  west 

After  these  remarks  in  reference  to  the  restoration  of  the 
name  columbium  among  the  elements,  replacing  that  of  nio- 
bium, I  will  detail  my  researches  upon  the  more  recently  dis- 
covered columbates. 

Columbitefrom  North  Carolina. 

This  mineral  has  been  found  during  the  past  few  years  at  the 
mica  mines  in  Mitchel  County,  and  in  Yancey  Cfounty  near 
Burnsville,  in  the  State  of  North  Carolina.  It  occurs  in  rocks 
belonging  to  the  same  epoch  as  those  ip  which  the  samarskite 
was  discovered,  and  whicn  will  be  mentioned  more  fully  when 
the  latter  mineral  is  described. 

There  is  nothing  peculiar  or  striking  in  the  crystalline  form 
of  the  mineral  as  lound  at  this  locality ;  many  of  the  crystals 
that  have  come  under  my  observation  have  been  compressed 
and  distorted,  as  is  not  unfrequently  the  case  with  minerals 
associated  with  mica.  Most  commonly  I  have  seen  it  in  irreg- 
ular lumps  weighirig  from  five  to  one  hundred  grams.  Sev- 
eral pieces  have  been  sent  to  me  under  the  supposition  that 
they  were  tantalite,  but  in  no  instance  have  I  found  it  to  be  the 
case,  the  specific  gravity  never  exceeding  5*5  to  5*6. 

The  specific  gravity  of  the  columbite  as  obtained  both  for 
the  crystals  and  for  the  massive  variety  is  as  follows : 

Crystals 6-662 

Massive 6*485 

The  analyses  of  both  varieties  show  that  they  are  chemically 
identical  The  average  of  several  analyses  which  agreed  very 
closely,  is: 

Massiye.     OrjBtals. 

Columbic  acid* 80*82  80*06 

Tnngstic  and  stannic  acids 1  *02  1*21 

Iron  protoxide 873  14*14 

Manganese  protoxide 8 '60  6 '21 

Copper  oxide trace  

99*17       100*62 

The  distinctive  peculiarity  of  the  composition  of  this  colum- 
bite is  the  large  amount  of  manganese  oxide  compared  with 
that  of  the  iron  in  the  massive  variety,  it  being  greater  than 
that  given  in  the  analysis  of  any  other  columbite. 

*  I  refer  to  the  metallio  add  in  the  analyses  in  this  paper  as  oolumbic  acid  from 
Uie  feet  that  the  tantalic  acid  which  aooompanies  it  is  only  in  small  quantities, 
and  also  because  none  of  the  methods  proposed  for  separating  the  two  adds  hare 
giTen  satiitfactoiy  results  in  my  hands. 
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CchAmbite  from  Colorado, 

Among  the  magnificent  and  gigantic  crystals  of  Amazon- 
stone  recently  discovered  in  El  Paso  Ca,  Colorado — and  so 
energetically  explored  by  A.  E.  Foote — some  specimens  were 
shown  me  having  small  black  acicular  crystals  imbedded  lust 
beneath  their  surface.  Carefully  detaching  them  from  the  ^Id- 
spar,  by  no  means  an  easy  task,  and  examining  the  crystalline 
form,  and  subsequently  the  chemical  composition,  I  found  them 
to-be  columbite.  A  few  small  and  well-marked  crystals  have 
been  detached ;  the  largest  was  a  flattened,  imperfect  crystal, 
*weighing  one  and  one-half  grams.  Most  commonly  they 
are  only  in  the  form  of  black  elongated  specks.  A  small 
amount  of  the  pure  mineral  that  was  separatea  enabled  me  to 
make  out  its  composition,  although  I  could  not  obtain  enough 
for  a  very  careful  quantitative  examination.  The  examination 
made  gave  a  very  low  specific  gravity ;  it  was  taken  on  -600 
gram,  and  is  5'16.     Analysis  of  '500  gram  gave 

Columbic  acid 79*61 

Iron  protoxide 14'14 

Manganese  protoxide 4*61 

Loss  by  heat '50 

98-86 
SamarsMte. 

A  few  small  specimens  of  this  rare  mineral  from  North  Carolina 
have  been  in  cabinets  for  several  years,  but  its  exact  locality 
and  the  nature  of  its  occurrence  were  first  made  known  in 
April,  1878,  through  the  agency  of  Joseph  Wilcox  of  Philadel- 
phia, and  subsequently  bv  the  investigations  and  collections 
made  by  Rev.  J.  Grier  Kalston  of  Norristown.  Not  having 
visited  the  locality  myself,  I  have  obtained  my  information 
concerning  it  from  the  above  mineralogists.  It  is  found  in 
Wiseman's  mica  mine,  Qreesv  Creek  Township,  Mitchel  County, 
near  North  Toe  River,  North  Carolina.  It  was  obtained  while 
extracting  the  mica,  principally  in  a  kind  of  pocket  in  the 
mine,  the  miners  calling  it  llack  mineral,  Mr.  Ralston  was  very 
active  in  having  it  collected,  and  in  1875,  there  had  been  accu- 
mulated about  400  kilograms  of  the  mineral,  which  was  brought 
away  from  the  mine  by  him ;  since  that  time  only  a  little  of  it 
has  oeen  taken  out  of  the  mines,  but  in  all  probability,  it  will 
be  found  again  m  more  or  less  abundance.  Prior  to  this  dis- 
covery, the  largest  pieces  of  samarskite,  found  in  the  Ural  local- 
ity, were  of  the  size  of  hazel-nuts;  these  occur  imbedded  in  a 
reddish  brown  feldspar. 

Its  geological  position  is  in  crystalline  rocks,  in  what  may  be 
called  a  coarse  ^anite ;  the  minerals  of  which  rock  are  not 
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granalar,  but  exist  in  large  masses,  so  that  in  extracting  the 
fine  blocks  of  mica,  these  are  readily  detached  from  the.  other 
constituents  of  the  granite.  The  samarskite  is  generally  in 
close  relation  to  the  feldspar,  which  last,  in  all  the  specimens  I 
have  seen,  was  more  or  less  disintegrated ;  this  arises  no  doubt 
from  the  proximity  of  the  samarskite  to  the  surface,  it  not 
having  been  found  as  yet  in  the  unaltered  granite. 

For  some  time  after  the  discovery  of  this  mineral,  nxineralo- 
ffists  were  not  agreed  as  to  its  being  samarskite,  no  crystals 
having  been  found  by  which  to  establish  its  identity,  and  the 
partial  analyses  made  not  giving  concordant  results.  This  dis^ 
crepancy  arose,  however,  from  tne  intermixture  of  other  min- 
erals, three  of  which  I  have  detected,  ly(s>  of  them  being  new. 

On  one  occasion  I  took  a  specimen  of  very  compact  mineral, 
perfectly  clean,  and  to  casual  observation  perfectly  uniform  in 
color  and  texture ;  on  breaking  off  a  portion  from  one  end  of 
it  and  taking  the  specific  gravity,  1  found  it  to  be  5'221,  which 
was  so  much  lower  than  that  of  samarskite  that  I  passed  it  over 
to  my  assistant  for  reexamination.  His  results  corresponded 
exacdy  with  mine. 

I  then  broke  off  a  piece  immediately  contiguous  to  the  one 
already  examined  ana  found  its  specific  gravity  5*682,  being 
that  of  samarskite.  On  examining  the  first  piece  by  breaking 
off  thin  scales,  I  could  detect  that  a  portion  of  them  had  a  very 
dark  brown  luster,  produced  by  the  mixture  of  some  euxenite, 
a  mineral  that  I  have  discovered  pure  and  in  all  stages  of  mix- 
ture with  the  samarskite.  There  is  no  diflSculty,  with  some 
little  experience,  in  obtaining  any  quantity  of  this  mineral  with 
its  usual  characters. 

Aspect  of  the  finest  specimens. — Intense  iet  black,  and  when 
broken  having  a  large  brilliant  conchoidal  fracture,  perfect, 
even,  and  smooth,  with  the  luster  vitreoua 

It  is  exceedingly  brittle,  breaking  like  black  obsidian,  with, 
very  sharp  edges;  any  one  seeing  it  broken  for  the  first  time 
would  take  it  for  black  obsidian,  until  handled,  when  its  weight 
would  indicate  that  it  was  another  mineral.  All  the  pieces  of 
pure  samarskite  are  not  equally  brilliant  in  fracture  as  above 
described,  but  approach  to  it  more  or  less. 

Hardness. — I  should  say  that  it  was  6*5  to  6,  nearer  6,  but 
owing  to  the  brittleness  of  the  mineral  it  is  not  easy  to  fix  its 
exact  hardness. 

Specific  gravity, — 6*72. 

Crystalline  form.  —  I  am  indebted  to  Mr.  Ralston  for  the 
inspection  of  the  only  specimens  from  which  its  crystalline 
form  could  be  made  oat,  and  these  have  been  thoroughly 
described  and  studied  by  Mr.  Edward  S.  Dana;  the  examination 
made  by  this  skillful  crystallographer  is  to  be  found  in  this 
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Journal,  March,  1876,  page  201 ;  he  also  first  published  an 
account  of  the  region  in  which  it  is  found,  and  gave  an  account 
of  the  associated  minerals. 

Compoaition. — This  mineral  from  North  Carolina  has  already 
been  examined  three  timea  In  1852,  Prof.  T.  Sterry  Hunt 
examined  a  small  piece  of  the  mineral,  less  than  one  gram,  said 
to  have  come  from  Eutherford  County;  again,  Miss  Ellen  H. 
Swallow  has  given  a  mast  excellent  analvsis  of  the  samarskite 
from  Mitchel  Co.  agreeing  with  those  made  by  myself  as  nearly 
as  the  analyses  of  such  a  mineral  can  be  expected  to  do  when 
made  on  different  specimens ;  and  finally,  Prol  Allen  has  made 
an  analysis,  which  is  to  be  found  on  p.  840  of  Dana's  Text  Book 
of  Mineralogy  (March,,  1877).  The  following  are  the  analyses, 
(1)  of  myself,  (2)  of  Miss  Swallow,  and  (8)  of  Prof.  Allen. 

(1)  (2)             (3) 

Columbic  acid 56'13  j  « ^  qh  37*20 

Tantalicacid -j  04»o  ^g.^^ 

Tungstic  and  stannic  acids 0*31  0*16  0*08 

Yttna 14*49  12*84  1445 

Cerium  oxides* 4*24  6*17           4*25 

Uranium  oxide 10*96  9*91      •  12*46 

Manganese  protoxide 1  '53  10*91           0*75 

Iron  protoxide 11*74  14*02  10*90 

Magnesia trace  0*65CaO 

Loss  by  ignition ^72  0*62           1*12 

Insoluble  residue  from  cerium  oxide 1  •26  


99*12  100*36 

The  late  Heinrich  Rose,  in  describing  the  samarskite  of 
Miask,  gives  an  analysis  by  Pinkener  and  Stephans,f  which  dif- 
fers from  the  analysis  previously  made,  as  well  as  from  those 
now  detailed,  indicating  the  presence  of  four  per  cent  zirconia, 
and  six*  per  cent  of  thoria.  The  announcement  of  the  presence 
of  the  latter  named  oxide  has  been  one  of  the  causes  of  the 
delay  of  my  publishing  this  paper,  for  I  desired  if  possible 
to  verify  the  results  of  Finkener  and  Stephans  It  is  only 
recently  that  I  have  obtained  a  few  grams  of  pure  Miask  sa- 
marskite, from  the  School  of  Mines  of  St  Petersburg,  through 
Prof.  Norp6,  but  all  of  this,  except  about  \\  grams,  was  lost 
after  reaching  me,  so  I  have  not  been  able  to  do  more  than 
make  an  imperfect  examination ;  and  this  examination  shows 
that  there  is  some  difference  in  the  earthy  oxides  from  those  in 
the  North  Carolina  specimens,  the  exact  determination  of  which 
I  must  postpone  for  some  future  occasion. 

*  1  record  these  oxides  as  oerium  oxides,  but  I  am  not  altogether  satisfied  in 
regard  to  their  true  nature  and  proportion  of  the  respectiTe  oxides,  which  are  now 
undergoing  a  chemical  examination. 

t  Verhandlung.  Min.  St  Pet.,  1863,  13. 
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M^acenite, 

In  examininff  portions  of  the  samarskite,  that  was  surrounded 
by  decomposed  feldspar,  I  detected  a  mineral  not  having  the 
intense  black  of  the  samarskite,  but  of  a  brownish  color  with  a 
streak  and  powder  much  lighter  than  that  of  samarskite ;  and  in 

{)ushing  my  researches  further,  the  mineral  was  obtained  still 
ighter,of  a  hair  brown  color,  the  powder  being  of  an  ash  color. 
In  thin  fragments  it  is  translucent ;  the  fracture  is  subconchoidal, 
but  in  moat  instances  irregular,  with  a  resinoid  luster. 

Its  aspect  made  it  very  evident  that  it  was  something  different 
'from  the  samarskite,  and  an  examination  proved  this  opinion 
correct,  and  established  its  true  mineralogical  position. 

No  crystals  have  been  found,  so  it  is  not  possible  to  establish 
its  identity  in  crystallization  with  euxenite ;  but  all  its  other 
physical  and  chemical  properties  are  those  of  that  mineral. 

The  specific  gravity  of  pieces  taken  from  diflFerent  specimens 
was  respectively  4'698,  4'o20,  4*642.  On  analysis  it  was  found 
to  contain 

Oolambic  acid 64*1 2       Uranium  oxide -  9'6.3 

Ton^tic  and  stannic  acid..     '21  Manganese  protoxide. . .  '08 

Tttnum  and  cerium  oxides  2410      Iron  protoxide '31 

Lime 6'53       Water 6'70 

99-58 

The  columbic  acid  was  tested  most  carefully  for  titanic  acid, 
both  by  fusion  with  bisulphate  and  with  carbonate  of  potash, 
but  none  of  it  could  be  aetected;  only  5  milligrams  of  a  resi- 
due was  obtained  as  a  result  in  these  analyses,  and  it  is  well 
known  to  analysts  that  this  is  most  probably  attributable  to 
columbic  acid. 

I  need  hardly  insist  that  the  above  properties  belong  to  the 
mineral  euxenite :  they  approaching  closely  that  from  Tromoen^ 
analyzed  by  Strecker,  except,  that  this  chemist  makes  as  much 
as  sixteen  per  cent  of  the  metallic  acids  to  be  titanic  acid. 
This  euxenite  represents  a  purer  type  of  a  columbate  than  most 
of  those  of  which  analyses  are  given,  while  it  is  also  remarkable 
for  the  small  quantity  of  iron  oxide  in  it;  being  a  hydrated 
columbate  of  yttria,  uranium  and  lima 

HateheUoUte — a  new  ColumbaU. 

This  is  an  additional  one  of  the  series  of  columbic  acid  min- 
erals found  with  the  samarakite  of  North  Carolina.  My  atten- 
tion was  first  called  by  Mr.  Balston  to  some  octahedral  crystals 
that  he  had  diligently  uncovered  from  the  disintegrated  feld- 
spar, which  had  to  all  appearance  some  connection  with  the 
samarskite.  He  had  sent  two  or  three  of  these  crystals  to 
Edward  S.  Dana  some  time  before,  and  this  last  mineralogist 
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was  inclined  first  to  refer  it  provisionally  to  pyrochlore,  but 
finally  on  account  of  its  high  specific  gravity  suggested  its  pos- 
sible relation  to  microlite.  (See  this  Journal,  March,  1876,  page 
204).  No  further  steps  having  been  taken  to  settle  the  charac- 
ter of  this  mineral,  I  undertook  its  examination  on  specimens 
furnished  me  by  Mr.  Ralston,  and  also  on  a  specimen  I  after- 
ward found  in  carefully  examining  the  altered  gangu^  of  the 
samarskite  in  my  possession. 

The  result  has  been  the  establishing  of  a  new  mineral  of  this 
series,  which  I  have  called  Hatchettolite,  from  the  discoverer  of 
the  element  columbiuuL  It  occurs  in  r^ular  octahedrons,  but- 
of  the  six  crystals  that  I  have  examined,  all  have  the  cubic 
planes  and  the  form  8-8,  and  E.  S.  Dana  observed  the  same  on 
the  crystals  he  examined. 

In  referring  to  these  modifications,  I  would  state  that,  among 
eight  or  ten  crystals  of  pyrochlore  seen  by  me  I  have  never 
observed  them,  although  this  last  mineral  is  found  with  them, 
as  may  be  seen  in  M.  Kokscharow's  magnificent  work  on  Rus- 
sian minerals.  I  could  not  detect  any  distinct  cleavage.  Its 
hardness  is  about  5:  perhaps  a  little  over.  Specific  gravity: 
that  of  a  fine  small  crystal  was  found  to  be  4*851 ;  of  small 
fragments  well  selected  from  a  large  crystal  that  had  mica  in 
some  part  of  it,  4*785.  Prof.  Brush  obtained  (as  quoted  by  K 
S.  Dana)  4794. 

It  is  well  to  add  here  the  specific  gravity  of  a  very  fine 
crvstal  of  pyrochlore,  weighing  one  and  one-half  grams;  as 
taken  by  myself,  it  is  4*25.  That  of  microlite — another  octa- 
hedral columbate, — by  Shepard  and  Hayes,  is  6*484. 

Color  of  Hatchettolite. — Yellowish  brown  with  a  grayish  opa- 
lescence ;  on  heating  to  redness  becomes  of  an  opake  greenish 
yellow;  luster  resinous;  fracture  subconchoidaL 

Composition. — I  made  three  analyses,  the  first  two  on  frag- 
ments from  the  specimens  of  Mr.  Ralston,  and  the  third  from 
a  specimen  in  my  own  collection.  The  mineral  was  broken 
into  pieces  from  2  to  i  mm.  in  diameter,  and  then  carefuDy 
selected  under  the  glass  to  avoid  admixture  of  any  other  min- 
eral.    Thus  selected  it  was  found  to  contain : 

Columbic  acid 66*0 1  67-86  67*26 

Tnngstic  and  stannic  acids.     *75  *60  *91 

Uranium  oxide.   ...   lo-20  16*63  16*01 

Lime 7*72  7*09  .    7*11 

Yttria  and  cerium  oxide. ..  2*00  '86  "64 

Iron  protoxide 2*08  2*51  2*12 

Potasn '60  1  '21  not  estimated 

Water— lost  by  heat 6-16  4*42  6-02 

Lead trace 

99*42       100-18         99*06 
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It  will  be  seen  that  the  special  difference  betwecQ  this  min- 
eral and  pyrochlore  is  that  its  predominating  base  iH  uranium 
oxide,  wnich  last  mineral,  according  to  Wohler's  analysis  of 
that  from  Miask,  does  not  contain  anj  of  this  oxide,  though 
the  analyses  of  others  give  a  small  quantity  of  it  It  is  to  be 
supposea  that  Wohler  examined  the  best  and  purest  type  of 
the  mineral  in  that  from  Miask. 

Hogersttey  a  new  columbcUe. 

On  some  of  the  samarskite,  but  more  especially  on  the  euxe- 
nite,  a  white  crust  was  found  adhering  with  some  degree  of 
firmness,  and  on  examining  it  under  tne  glass,  it  presented  a 
mammillary  structure,  sometimes  like  little  pearly  beads.  When 
on  the  euxenite  it  is  more  readily  separated  than  when  on 
samarskite.  By  pressin*^  on  it  with  a  snarp  point,  it  becomes 
'detached  in  small  fragments. 

I  have  called  this  mineral  Bogersite,  in  honor  of  the  Ameri- 
can geological  Nestor,  Wm.  B.  Rogers,  whom  we  all  delight  to 
honor  for  his  important  labors  in  scientific  and  economic  geol- 
ogy, from  an  early  date  up  to  the  present  day. 

The  quantity  that  has  as  yet  been  discovered  is  very  small. 
Mr.  Balston  possesses  the  nnest  specimen,  which  is  about  the 
size  of  the  hand,  with  four  or  five  grams  of  this  mineral  on  the 
surface,  quite  pure  and  very  characteristic  I  had  to  operate 
on  a  great  number  of  small  pieces  carefully  detached,  which 
have  enabled  me  to  establish  its  true  character. 

It  is  readily  recognized  by  its  well  marked  mammillary  struc- 
ture even  when  the  fragment  is  quite  small.  Its  hardness  is 
about  3*5 ;  specific  gravity  8 '318. 

I  made  two  analyses,  each  time  on  small  portions.  The 
results  furnished  were : 

Water 17-41         16-34 

Columbic  acid 18-10         20*21 

Tttria,  etc 60-12 

In  the  second  analysis,  owing  t<>  an  accident,  the  yttria  was 
lost;  the  first  also  shows  about  4  per  cent  not  accounted  for. 

These  analyses  are  to  be  taken  only  as  approximative,  for 
before  complete  and  reliable  analyses  of  this  mineral  can  be 
made,  a  larger  quantity  will  be  required  The  mineral  is  an 
interesting  one,  as  being  the  first  columbate  discovered  so 
largely  hydrated.  It  has  evidently  resulted  from  the  decom- 
position of  either  samarskite,  or  euxenite,  or  both. 

Fergusoniie. 

Two  years  ago  a  dark  brown  mineral,  with  a  remarkably 
bright  and  perfect  conchoidal  fracture,  was  shown  to  me  by  Mr. 
W.  E.  Knowlton  of  Boston,  who  obtained  it  from  the  granite 
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quarries  of  Bockport,  but  its  nature  bad  not  been  determiDed. 
The  quantity  then  found  was  very  small  and  only  a  portion  of 
it  was  given  to  me;  a  short  time  afterward,  I  informed  Mr. 
Knowlton  that  it  was  fergusonite,  and  requested  him  to  look 
further  for  specimens.  Since  then  but  little  more  has  been 
found,  but  enough  was  furnished  me  to  make  out  its  true  char- 
acter, both  physically  and  chemically,  except  its  crystalline 
form.  It  is  found  particularly  at  one  locality  near  the  intersec- 
tion of  two  trap  dykes. 

For  a  space  covering  about  thirty  or  forty  feet,  masses  of 
feldspar  and  quartz  replace  the  granite,  and  it  is  in  the  feldspar 
that  the  Fergusonite  is  found,  intimately  associated  with  cyrto- 
lite,  and  sometimes  even  penetrating  crystals  of  this  last  mine- 
ral. In  the  same  feldspar,  annite,  cryophyllite,  and  fine  crys- 
tals of  smoky  ouartz  are  found. 

The  mineral  is  of  a  fine  dark  brown  color  in  the  interior,  with  a 
clear  conchoidal  fracture ;  resinous  luster  ;*  hardness  6 ;  specific 
gravity  5'681 ;  streak  light  brown ;  powder,  ash-colored ;  but 
when  heated  to  a  bright  red  heat  for  fifteen  minutes  changing 
to  a  light  greenish  yellow  color  with  a  loss  of  1*50  per  cent 

Oolumbicacid I... 48*76 

Yttria 46-01 

Cerium  oxides 4*23 

Iron  and  uranium  oxides *25 

Water  (loss  by  heat) 1-66 

100-89 

It  corresponds  very  nearly  in  composition  with  the  fergu- 
sonite from  Greenland. 

Bemarks  as  to  the  chemical  character  of  the  minerals  described. 

The  compositions  of  the  columbates  from  the  various  locali- 
ties appear  at  first  sight  to  be  very  complex  and  irr^ular,  but 
if  examined  critically,  and  due  allowance  be  made  for  the  inter- 
mixture of  these  minerals,  which  intermixture  cannot  be 
detected  on  account  of  the  similarity  of  color  and  fracture  of 
the  difierent  minerals,  this  irregularity  disappears  to  a  greater 
or  less  extent 

The  first  and  the  one  best  known,  cobcmbiie,  is  well  recog- 
nized as  a  simple  columbate  of  iron  and  manganese. 

Microliter  from  what  little  we  know  of  its  composition, 
appears  to  be  a  columbate  of  lima     Pyrochhre  is  to  be  regarded 

*  The  action  of  a  red  heat  on  smaU  fragments  is  to  ohange  their  color  to  a 
greenish  yellow ;  but  before  this  takes  place,  the  fragments  exhibit  the  phenome- 
non of  glowing  in  a  manner  more  striking  than  any  qieoimens  ol  gaddinite,  a 
mineral  remarkable  for  its  glowing,  that  I  hare  experimented  with.  From  lack  of 
material  I  did  not  take  the  specific  gravity  after  heating. 
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as  a  colambate  of  the  cerium  oxides  and  lime;  whether  or 
not  a  neutral  columbate,  further  examination  is  to  determine. 

Hatcheitolite  is  doubtless  a  neutral  columbate  of  uranium  oxide 
and  lime.  Then,  when  we  pass  to  'the  samarskitej  we  have  a  basic 
columbate  of  iron,  uranium  and  yttrium  oxides.  Tttrotanta- 
lite  and  euxeniie  are  basic  columbates,  the  former  anhydrous 
when  pure,  the  latter  hydrated,  both  being  basic  columbates  of 
yttria  and  uranium  oxides. 

Fergusonite  is  a  hydrous  basic  columbate  of  yttria;  and 
Sogersite  is  a  hydrated  columbate  of  yttria,  still  more  basic. 

In  making  this  general  review  of  these  minerals,  of  course  I 
have  not  regarded  those  variable  constituents  existing  in  small 
quantities  and  replacing  more  or  less  one  or  other  of  the  pre- 
ponderating bases  of  each  species. 

7'he  anafysia  and  chemical  study  of  ths  above  Minerals. 
I  have  several  points  under  this  head  to  consider  and  to 
describe  in  detail ;  but  it  more  properly  belongs  to  another 
paper,  which  will  supplement  this,  for  I  am  now  studying  the 
earthy  oxides  associated  with  the  yttria  of  the  North  Carolina 
minerals,  which  I  am  far  from  being  satisfied  contains  cerium 
oxide,  although  some  of  the  reactions  of  cerium  oxide  are 
obtained,  a  fact  already  mentioned  in  a  note  to  the  description 
of  samarskite.  I  am  separating  the  earths  from  one  kilogram  of 
the  mineral,  which  when  obtained  will  furnish  material  enough 
for  the  proper  solution  of  this  question. 


Art.  XLII. — On  ike  Sensitiveness  to  Light  of  various  Salts  of 
Silver ;  by  M.  Carey  Lea. 

Salts  of  silver  may  exhibit  sensitiveness  to  li^ht  in  three 
several  ways.  They  may  exhibit  a  visible  darkening,  or  they 
may  receive  a  latent  image,  and  this  latent  image  may  have  a 
capacity  of  being  rendered  visible  either  by  receiving  a  deposit 
of  metallic  silver  or  by  decomposition  by  alkalies  in  connection 
with  reducing  agents.  These  two  last  mentioned  phenomena 
are  very  distinct  in  their  character,  for  in  the  first  of  them  the 
image  is  produced  entirely  by  the  addition  of  silver  not  previ- 
ously present  In  the  second,  no  silver  whatever  is  added,  but 
that  portion  of  substance  which  received  the  direct  action  of 
light,  undergoes  decomposition  by  subsequent  treatment  In 
both  cases  the  action  of  light  sets  up  a  molecular  change.  The 
portions  acted  upon  by  light  become,  in  the  one  case,  more  apt 
to  attract  a  precipitate  in  the  act  of  formation  (for  example, 
silver  precipitated  by  ferrous  sulphate) ;  in  the  other  case  they 
are  more  readily  attacked  by  certain  reducing  agents. 
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The  silver  compounds  which  exhibit  the  greatest  tendency 
to  form  latent  images  bj  the  action  of  light  are  of  coarse  the 
iodide,  bromide,  ana  chloride.  But  the  same  tendency  is  shared 
to  a  less  degree  by  other  compounds,  and  the  latent  image 
formed  upon  them  may  belong  to  either  of  the  above  mentioned 
classes.  The  capacity  of  a  certain  number  of  silver  salts  to 
receive  latent  images,  developable  by  a  precipitate  in  the  act 
of  formation,  was  examined  many  years  ago  by  Mr.  Robert 
Hunt  Since  then  the  matter  has  received  but  little  attention, 
and  if  I  am  not  mistaken,  no  investigations  have  at  any  time 
been  made  as  to  the  capacity  of  silver  salts  other  than  iodide, 
bromide,  and  chloride  to  receive  latent  images  of  the  second 
sort,  viz:  those  susceptible  of  alkaline  development,  in  the  en- 
tire absence  of  silver  nitrate.  This  subject  I  have  recently 
examined  with  the  following  results : 

Soluble  salts  of  acids  capable  of  forming  insoluble  or  nearly 
insoluble  salts  with  silver  were  selected  and  the  surfiwe  of  very 
pure  paper  was  impregnated  with  them.  After  drying,  the 
papers  were  floated  on  a  solution  of  silver  nitrate,  containing 
about  twenty  grams  to  the  ounce,  acidulated  with  half  a  drop 
of  nitric  acid,  sp.  gr.  1'28  to  the  ounce  of  solution.  The  excess 
of  silver  nitrate  was  then  washed  out.  One  set  of  papers  were 
then  simply  dried,  another  set  were  soaked  for  about  a  minute 
in  a  ten  gram  solution  of  gallo-tannic  acid,  and  then  again  washed. 

The  salts  thus  formed  on  the  surface  of  the  paper  were  ex- 
posed to  a  strong  diffuse  light  for,  in  some  cases,  twelve  seconds, 
m  others,  seven.  They  were  then  submitted  to  the  action  of  a 
Very  weak  solution  of  pyrogallol,  ammonium  carbonate  and 
potassium  bromide,  the  latter  used  to  check  the  rapidity  of  the 
action  of  the  other  agents. 

Silver  citrate  and  tartrate  both  gave  rather  weak  images.  The 
citrate  showed  a  strong  tendency  to  irregular  reduction. 
Nothing  of  this  appeared  m  the  case  of  the  tartrate. 

Silver  pladnocyanide  gave  quite  a  strong  image,  stronger  than 
any  other  substance  tried,  except  of  course  the  silver  oromide 
used  for  comparison. 

Silver  mucate  gave  a  very  faint  image  with  much  irregular 
reduction. 

Silver  pyrophosphate  behaved  in  the  same  way. 

Silver  arsenite  gave  a  moderately  strong  image,  coming  next 
to  the  platinocyanide,  and  like  it,  clear  and  free  from  all  irregu- 
lar reduction. 

Silv€7'  sulphocyanide^  an  extremely  faint  image  with  much 
irregular  reduction. 

^Iver  antimonio'tartrate^  a  weak  image  entirely  free  from 
irregular  action. 

Silver  fulminuratej  weaker  than  the  last  mentioned,  but  also 
clear. 
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Siher  nitrite,  similar  to  the  last.  • 

Silver  hippurate,  an  excessively  faint  image  with  much  irregu- 
lar reduction. 

The  following  substances  showed  (with  the  above  mentioned 
exposures)  no  trace  of  a  latent  image : 

Silver  salicylate^  Silver  tungstate, 

"     valerate,  "     ferrocyanide^ 

"     succinate,  "      nitrqprusside, 

**     sulphite,  "     chromate, 

**     resinaie,  "     carbonate, 

"     phosphate,  "     oxalate. 

"  metaphosphate. 
As  these  ex{)eriment9  were  strictly  limited  to  the  subject 
under  investigation,  viz:  production  of  latent  images  capable  of 
development  by  the  action  of  pryrogallol  and  ammonia  it  must 
be  understood  that  the  insensitiveness  spoken  of  \b  insensitive- 
rtess  to^this  particular  action  with  a  rather  brief  exposure,  and 
under  the  conditions  mentioned.  And  this  action  is  that  to 
which  the  iodide,  bromide,  and  chloride,  exhibit  their  highest 
degree  of  sensitiveness,  rendered  evident  by  an  exposure  very 
much  shorter  than  that  given  in  these  investigations. 

As  respects  the  action  of  tannin,  which  action  was  separately 
investigated  with  respect  to  every  one  of  the  above  salts,  it 
appeared  that  no  substance,  insensitive  in  the  absence  of  tannin, 
acquired  sensitiveness  by  its  presence.  It  was  also  doubtful  if 
in  any  case  tannin  increased  the  sensitiveness  of  any  of  these 
substances,  a  fact  which,  in  view  of  the  increased  sensitiveness 
conferred  by  tannin  on  the  silver  haloids,  is  remarkabla 
niikdelphia,  Mardi  22,  1877. 


SCIENTIFIC   INTELLIGENCE. 

L  Chemistky  and  Physics. 

1.  Chemical  Actions  of  the  Silent  Electric  Discharge. — ^Bebthb- 
LOT  has  published  in  full  his  memoir  on  the  various  chemical 
actions  wnich  he  has  observed  to  be  produced  by  the  silent  elec- 
tric discharge  {effluve  ekctriqvs).  The  first  part  treats  of  the 
absorption  of  mtrogen  by  organic  substances  under  thene  condi- 
tions, and  has  alre^y  been  noticed  in  these  pages.  The  second 
part  treats  of  the  same  absorption  under  the  influence  of  atmos- 
pheric electricity,  the  experiments  being  made  at  the  Meteorologi- 
cal Observatory  of  Montsonris,  one  armature  of  the  apparatus 
being  put  in  contact  with  the  earth  and  the  other  with  a  layer  of 
air  two  meters  above  it,  the  difference  of  potential  being  measured 
by  means  of  a  Thomson-Branly  electrometer.  Twelve  tubes  were 
employed,  in  five  of  which  moistened  filter  paper  was  placed,  in  the 
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Beoond  five  moistened  dextrin,  while  the  last  two  contained  internal 
armatures  of  silver  and  were  filled  with  oxygen  in  order  to  detect 
the  formation  of  ozone.  Two  of  each  of  the  five  tubes  were  filled 
with  pure  nitrogen,  two  of  each  with  ordinary  air,  while  the 
remaining  one  of  each  sort  was  left  open  to  the  air.  The  experi- 
ments continued  from  July  29  to  October  6,  1876,  the  mean  elec- 
tric tension  being  that  of  3*5  Daniell  cells,  though  it  varied  from 
H-  60  to  —  180  during  the  two  months.  In  the  ten  tubes  contain- 
ing nitrogen  or  air,  the  nitrogen  was  fixed  by  the  organic  substance 
forming  an  amide  which  soda-lime  decomposed  at  800°  to  400°, 
yielding  ammonia.  The  third  part  consiaers  the  importance,  in 
view  of  the  facts  above  describea,  of  studying  in  a  connected  and 
methodical  manner  the  electric  state  of  the  atmosphere,  since  the 
fixation  of  nitrogen  in  this  way  must  play  an  important  part  in 
the  fertilization  of  the  soil,  in  the  theory  of  fallowing,  and  in  the 
development  of  plants  and  agricultural  products.  In  the  fourth 
part,  Berthelot  considers  the  absorption  of  free  hydrogen  by 
organic  matters  under  the  same  circumstances.  Benzene  absorbea 
250  times  its  volume  of  hydrogen,  yielding  a  polymer  of  C^Hg. 
Turpentine  oil  and  acetylene  acted  similarly ;  the  latter  yielding  a 
solid  polymer  which  on  heating  yielded  ethylene,  crotonylene,  and 
ethyl  nydride.  The  fifth  part  treats  of  the  formation  and  decom- 
position of  binary  compounds  by  the  silent  discharge.  A  mixture 
of  one  volume  nitrogen  and  three  volumes  hydrogen  yields  three 
per  cent  of  ammonia,  while  ammonia  is  decomposed  yielding  three 
per  cent  of  its  constituent  gases.  Sulphurous  oxide  yields  ten  per 
cent  of  free  oxygen  and  insoluble  sulphur.  Oarbonous  oxide 
yields  Brodie's  hypocarbonous  oxide  C^Oj.  In  the  sixth  part  the 
various  forms  of  apparatus  used  by  the  author  in  these  researches, 
are  described. — Ann.  Chim.  Phys.^  V,  x,  61,  Jan.  1877.    o.  f.  b. 

2.  Is  Nitrogen  oxidized  by  Ozone  in  presence  of  Alkalies  f — 
The  statement  made  by  Sch5nbein  in  1849,  that  ozone  united 
with  free  nitrogen  in  presence  of  alkalies  to  form  nitrous  compounds, 
is  generally  accepted,  as  furnishing  an  important  basis  for  the 
received  theories  of  nitrification.  Bebthblot  has  examined  the 
question  anew,  taking  care  to  avoid  the  causes  of  error  existing 
in  Schdnbein's  experiments,  two  in  number;  first  the  use  of  lime 
water,  which  generally  contains  nitrates ;  and  second  the  use  of 
unwashed  ozone  from  the  phosphorus,  which  contains  nitrous  com- 
pounds produced  in  the  slow  oxidation  of  the  metalloid.  Oxygen 
coUectea  over  boiled  water  was  ozonized  by  the  silent  discharge, 
and  four  liter  flasks  were  three-fourths  fiUed  with  it,  the  other 
fourth  being  filled  with  air.  Ten  c.  c.  baryta  water  were  placed  in 
each  and  allowed  to  remain  over  night.  Although  the  ozonized 
oxygen  contained  twenty-three  milligrams  of  ozone  in  a  liter,  not 
a  hundredth  of  a  milligram  of  nitrate  was  formed  in  the  four  flasks. 
Air  ozonized  by  phosphorus  and  allowed  to  stand  twenty-four 
hours,  and  which  contained  6'7  milligrams  ozone  per  liter,  gave 
less  than  a  twentieth  of  a  millimm  of  nitrate ;  essentially  the 
same  result    The  author  concludes  therefore  that  ozone  does  not 
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oxidize  nitrogen  under  these  circumstances. — BuU.  Soc  Ch.y  IL 
xxvii,  160,  Feb.  1877.  o.  f.  b. 

3.  On  the  Equivalence  of  Nitrogen. — Victor  Mbybb  has  replied 
to  the  paper  of  Ladenburg  and  Stmve,  noticed  in  the  April  num- 
ber of  this  Journal,  and  states  that  he  has  carefully  repeated  their 
experiments,  but  with  an  entirely  different  result.  So  far  as  the 
question  of  the  decomposition  of  triethylbeozylammonium  iodide 
and  the  non-decomposition  of  benzyltriethylammonium  iodide  on 
evaporating  their  solutions,  is  concenied,  Meyer  tiuds  that  neither 
body  yields  a  trace  of  benzyl  iodide  on  evaporation ;  and  hence 
that  the  ^'pr&gnante  Unterschied"  between  these  bodies,  upon 
which  the  assertion  of  the  non-equivalence  of  the  bonds  of  nitrogen 
rests,  has  no  existence.  The  author  supposes  that  the  salt  used  by 
Ladenburg  and  Scruve  contained  some  dibenzyldiethylammonium 
iodide,  a  body  which  gives  benzyl  iodide  on  distillation. — Ber, 
Berl.  Chem.  Ges.y  x,  309,  March,  1877.  g.  f.  b. 

4.  A  new  metallic  element^  Neptunium. — Hermann  has  made  an 
exhaustive  research  on  the  metals  of  the  tantalum  group,  in  which 
he  not  only  claims  to  have  established  the  existence  of  his  element 
ilmenium,  but  also  the  discovery  of  another  metal,  belonging  to 
this  group,  which  he  calls  Neptunium.  The  mineral  worked  on 
was  labelled  tantalite  from  Haddam,  Connecticut ;  but  proved  on 
examination  to  be  columbite  and  ferroilmenite  in  equal  parts. 
The  metallic  oxides  separated  from  the  mineral  consisted  of  Ta, 
O,  32-39,  Cb^Oy  36-79, 11^0,  24-62,  Np^O,  6-30.  To  obtain  the 
neptunium,  the  pulverized  mineral  was  fused  with  hydro-potassium 
sulphate,  the  acid  hydrates  digested  with  ammonium  sulphide  and 
hydrochloric  acid,  washed  well  with  water,  dissolved  m  hydro- 
fluoric acid,  mixed  with  an  equivalent  quantity  of  potassium 
fluoride,  and  the  solution  diluted  to  forty  parts  boiling  water  to 
one  of  fluoride.  On  cooling,  tantalum-potassium  fluoride  crystal- 
lized in  delicate  prisms.  On  evaporation,  columbium-potassium 
fluoride  and  ilmenium-potassium  fluoride  crystallized  out,  leaving 
an  acid  mother-liquid.  This  was  diluted  with  twenty  parts  water, 
heated  to  boiling  and  sodium  hydrate  added  in  excess.  An  amor- 
phous precipitate  of  sodium  neptunate  was  formed,  mixed  with 
minute  crystals  of  columbate.  The  precipitate  was  collected  on  a 
filter,  pressed  out,  and  boiled  with  twenty-five  parts  of  water. 
The  columbate  dissolved,  the  neptunate  remained.  The  latter  was 
fused  with  hydro-potassium  sulphate,  the  fusion  was  treated  with 
boiling  water  and  the  undissolved  residue  of  neptunic  acid  washed 
and  dried  over  sulphuric  acid.  Neptunic  acid  resembles  in  gen- 
eral the  other  acids  of  the  group,  but  is  distinguished  from  colum- 
bic  and  ilmenic  acids  by  the  insolubility  of  the  sodium  double 
fluoride  and  irom  tantalic  acid  by  the  ready  solubility  of  its 
potassium  double  fluoride.  Neptunic  acid  fives  with  phosphorus 
salt  in  the  inner  blow-pipe  flame  a  wine-vellow  bead,  the  sodium 
salt  a  Kold-yellow  glass,  while  tantalic  acid  gives  no  color,  colum- 
bic  acid  gives  blue  and  ilmenic  acid  gives  brown.  With  tincture 
of  galls,  the  sodium  salts  give,  on  addition  of  hydrochloric  acid  a 
sulphur-yellow  precipitate  with  tantalic,  orange  with  columbic, 
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brick-red  i>^ith  flnenic,  and  cinnamovhbrown  with  n^anic  add. 
Boiled  with  tin  and  hydrochloric  acid  neptunio  acid  giyes,  like 
columbic  and  ilmenic  acids,  a  bine  solution.  From  the  pare  crys- 
tallized double  potassium  fluoride,  the  atomic  weight  of  neptiroium 
was  fixed  as  118,  its  atomic  volume  as  18,  and  its  specific  grayity 
as  6-66.  The  formula  of  the  acid  is  Np^O^,  (H,0) ,  ^.  The 
sodium  salt  crystallizes  in  prisms,  'llie  autnor  prepared  metallie 
columbium  and  ilraenium  in  the  pure  form  and  determined  the 
amount  of  oxygen  taken  up  by  these  metals  on  heating  them  in 
the  air.  Columbium  required  20*49  and  ilmenium  87*96  of  oxy- 
gen ;  the  amount  obtained  by  Rose  being  20*60  and  by  Marignae 
88'00.  Rose,  therefore,  it  is  clear,  had  pure  columbium ;  whUe  it  is 
equally  clear,  according  to  Hermann,  that  Marignae  must  have  had 
nearly  pure  ilmenium.  This  is  stated  to  be  a  necessary  result  from 
the  method  of  preparation.  After  crystallizing  oat  the  tantalum- 
potassium  fluoride,  Marignae  evaporated  and  re-crystallized,  ob- 
taining a  nearly  pure  ilmenium-potassium  fluoride,  from  which  be 
prepared  his  riietaL  Hermann's  paper  concludes  with  an  account 
of  his  methods  of  separating  the  metals  of  this  group,  and  descrip- 
tions of  their  compounds.— Vl />r.  CA.,  II,  xv,  105,  Feb.  1877. 

6.  p.  & 

6.  On  the  Phosphorescence  of  Organic  Liquide. — Radziszewsk!, 
having  had  his  attention  called  to  the  phosphorescence  of  lophin 
when  acted  on  by  potassium  hjdrate  and  oxygen,  has  extended 
his  observations  to  other  bodies  and  finds  that  paraaldehyde, 
metaaldehyde,  aldehyde-ammonia,  furfurin,  hydroamsamide,  aniM- 
dine,  hydrocumamide,  and  hydrocuminamide,  have  all  the  same 
property.  8ince  these  bodies  are  all  either  aldehy<^e8  or  ammonia 
derivatives  of  aldeh  vde,  their  luminosity  may  b^  due  to  the  oxida- 
tion of  the  aldehyde.  He  therefore  examined  formic  aldehyde, 
and  observed  a  bright  phosphorescent  lieht  when  its  solution  in 
alcohol  potash  was  agitated,  and  the  formation  of  potasmum 
formate  was  proved.  In  the  light  of  Duchemin's  statement  that 
Noctiluca  miliarie  produces  on  delicate  skins  an  irritation  like 
nettles,  the  author  suggests  that  this  animal,  like  ants,  secretes 
formic  acid  not  as  such  but  as  the  aldehyde,  which  in  the  procesa 
of  oxidation  is  the  cause  of  their  luminosity.  When  a  current  of 
oxygen  is  passed  through  a  hot  alcoholic  solution  of  grape  sugar 
containing  potash,  it  becomes  weakly  luminous,  a  fact  which  in  so 
far,  confirms  the  aldehyde  nature  of  glucose. — Ber.  Berk  Ghent, 
Ges.j  x,  321,  March,  1877.  g.  v.  a 

6.  On  Melezitose. — In  1858,  Berthelot  described  a  new  com- 
pound sugar  existing  in  the  Hrian9on  manna  prepared  from  the 
tarch  (Larix  Europea),  Yillibrs  has  now  examined  a  manna 
collected  in  Lahore,  produced  by  exudation  from  the  Alhagi 
Maurofum^  a  thorny  shrub  belonging  to  the  family  of  the  Legu- 
minosse.  It  is  abundant  in  Persia,  where  it  is  used  both  for  medi- 
cine and  as  food  under  the  name  of  Turanjbin.  Crystallized  from 
water  and  then  from  alcohol,  it  was  obtained  in  the  form  of  white 
bulky  crystals,  containing  one  molecule  of  crystal-water  which 
they  lose  even  in  dry  air  at  the  ordinary  temperature,  and  then 
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have  the  formula  Ci^^sf^ii*  ^^^  solation  is  dextrogyrate, 
rotating  -f  94°  48'  referred  to  tne  neutral  tint,  or  88°  61'  referred 
to  the  yellow  light  of  sodium.  On  ebullition  with  dilute  sulphu- 
ric acid,  the  rotary  power  changes  slowly,  being  reduced  at  the 
end  of  an  hour  to  +^3°.  It  does  not  reduce  copper  tests  until  after 
reduction,  and  yields  on  oxidation  with  nitric  acid,  oxalic  acid  only. 
It  melts  at  140  .  All  these  points  prove  it  to  be  identical  with  the 
melezitose  of  Berthelot.  It  crystallizes  in  clinorhombic  prisms. — 
JBulL  Soc.  C'A.,  II,  xxvii,  98,  Feb.  1877.  G.  p.  b. 

7.  IH-siihstitutlon  derivatives  of  Benzol:  by  Edoab  F.  Smith, 
Ph.D.,  Assistant  in  Analytical  Chemistry,  University  of  Pennsyl- 
vania. (Abstract  of  Inaugural  Dissertation  at  Gdttingen,  1876.) 
— The  investigation  of  the  tri-substitution  compounds  of  benzol 
has  only  of  late  engaged  the  attention  of  chemists.  The  following 
results,  recently  obtained  by  me,  are  presented  as  a  contribution 
to  the  knowledge  of  bibromnitro-,  bibromamido-,  tribrom-,  and 
bibromhydroxylbenzoic  acids. 

Pababrommetabromnitrobenzoic  Acid. 
OgHjBrrBr^NO.OOOH.    Fusing  point  162**  0. 

This  acid  was  obtained  by  nitriring  parabrommetabrombenzoic 
acid  discovered  by  Htlbner  and  Burghard  (Burghard's  Disserta- 
tion, G5ttingen,  1875).  The  fusing  point  of  tMs  latter  acid  is 
22^**-230''  C.  To  effect  the  introduction  of  the  nitro-group  (NOj,), 
the  acid  obtained  by  the  above  chemists  was  heated  upon  a  water- 
bath  with  fuming  nitric  acid.  The  application  of  a  more  intense 
heat  produces  entirely  different  acids.  In  the  cold,  fuming  nitric 
acid  was  without  action  upon  the  bi-brom  acid. 

After  the  conversion  of  the  bibrom  acid  into  the  corresponding 
nitro-acid  by  means  of  iuming  nitric  acid,  aided  by  gentle  heat, 
the  whole  is  allowed  to  cool  and  water  then  added  to  the  solution. 
The  bi-bromnitro  acid  was  partially  precipitated  in  flocculent 
masses ;  the  greater  quantity  of  the  acid,  however,  remained  dis- 
solved. All  of  it  was  obtained  by  evaporating  the  solution,  placed 
in  a  porcelain  dish,  to  dryness  upon  a  water  bath,  and  the  residue 
purified  by  boiling  it  with  sodium  carbonate. 

In  hot  water  the  acid  is  easily  soluble,  crystallizing  from  it  in 
fine  colorless  needles.  The  fusing  .point  was  found  to  be  162°  C. 
The  acid  is  not  volatilized  by  steam.  When  heated  between 
watch  glasses  it  sublimes  with  partial  decomposition.  It  is  very 
probable  this  acid  is  identical  with  that  obtained  by  Htlbner  and 
Angertein  (Angertien's  dissertation,  GSttingen,  1869).  The  rela- 
tion of  the  nitroradical  to  the  COOH-group  or  to  the  bromine 
atoms  has  not  yet  been  determined. 

Parahrommetabromnitrohenzoate  of  Lead:  (C^H^BrPBr^^NO, 
COOj^gPb.  Obtained  by  precipitating  a  hot  solution  of  the 
potassium  salt  with  lead   acetate.     A  white  insoluble  powder. 

Lead  estimation,  0*2755  grm.  dry  salt  gave  0*0966  grm.  PbSO^ 
=0*0659  grm.  Pb  =  23*96  per  cent.  Theoretical  percentage  = 
24*21  per  cent  Pb. 

Am.  Johr.  8ci.— Third  Sbribs,  Vol.  XIII,  No.  77.— Mat,  1877. 
25 
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Carbon  and  hydrogen  determination :  0*2143  gnn.  salt  gave 
0'0433  grm.  carbon  =  20*1  per  cent.  Farther,  0;0256  gnn.  HjjO 
=  1  per  cent  H. 

Nitrogen  determination  :  0*1581  grm.  salt  =  3*63  per  cent  N. 

Theoretical  percentages  =  Carbon,  19*7  per  cent,  hydrogen  0*50 
per  cent,  nitrogen  =  3*26  per  cent 

Parabromm^abronmitrobenzoate  of  Sodium :  C^H^BrPBr^NO, 
C00Na+3H,0.  This  salt  crystallizes  from  dilute  solutions  in 
needles,  often  forming  bundles.  From  concentrated  solutions  it  is 
obtained  in  almost  colorless,  broad  shining  leaflets.  Soluble  in 
cold  and.  hot  water.  The  anhydrous  salt  requires  6*63  per  cent 
Na.     Found  6*66  per  cent  Na. 

Parabrorfimetdoromnitrobemoate  of  PoUnsfnum:  CgH^BrPBr" 
NO  g  COOK.  The  pure  acid  was  boiled  with  potassium  carbonate, 
the  salt  crystallizing  from  the  solution  in  needles.  Very  soluble 
in  warm  water. 

Anhydrous  salt  requires  10*76  per  cent  K ;  found  1 0*61  per  cent  K. 

Parabrommetabromnitrobemoate  of  Barium :  (C-HjjBrPBr™ 
Ng0C00)2Ba+H,0.  Broad  colorless,  shining  needles,  easily 
soluble  in  water.  Anhydrous  salt  requires  17*45  per  cent  Ba; 
found  17*34  per  cent. 

Parabrommetabromintrohenzoate  of  Calcium:  (CgH^BrPBr"* 
NOaCOOj^Ca+S^HjO.  Obtained  by  boiling  the  free  acid  with 
either  calcium  hydi*ate  or  Carbonate.  Exceedingly  difficult  to 
obtain  pure.  Occurs  in  red-colored  needles,  almost  insoluble  in 
water.  The  analysis  of  the  anhydrous  salt  gave  6*52  per  cent  Ca; 
required  5*81  per  cent  Ca. 

Parabrommetabromnitrobemoate  of  Magnesium:  (CjHgBrPBr" 
NOjjCOOKMg.      Crystallizes    in    needles    forming   star-shaped 

f  roups.     Difficultly  soluble  in  water.     Analysis  gave  3*25  per  cent 
Ig ;  required  3*59  per  cent. 

Parabrommetabromamtdobbnzoic  Acid. 
OsHtBrPBr-NHjOOOH.    Fusing  point  226**  0. 

Very  easily  obtained  from  the  preceding  acid  by  heating  it 
with  hydrochloric  acid  and  a  calculated  amount  of  tin.  The 
amiding  takes  place  without  any  violent  action.  The  acid  only 
unites  with  bases,  not  with  acids.  Soluble  in  a  large  quantity  of 
water;  readily  soluble  in  a  mixture  of  equal  parts  alcohol  and 
water,  from  which  it  crystallizes  upon  cooling  in  beautiful  flocks 
consisting  of  minute  needles.  The  fusing  point  of  the  acid  is 
226°  C,  considerably  higher  than  that  of  a  similar  acid  obtained  by 
Angertein  (Dissertation,  Gottingen,  1869).  Completely  decom- 
posed when  fused.  A  nitrogen  determination  was  made  of  the 
free  acid.  Required  percentage  of  Nitrogen  :=^*75  per  cent ;  found 
5*03  per  cent  N. 

Parabrommetabromamidobemoate  of  Barium  :  (CgHjBrPBr" 
NH2COO)2Ba+4H-0.  An  aqueous  solution  of  the  sodium  salt 
was  deooinposed  witn  barium  chloride,  the  precipitate  filtered  and 
washed.    The  salt  forms  minute  shining  needles,  generally  united 
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to  bundles.    Very  soluble  in  water.     Analysis  of  anhydrous  salt 
gave  18'90  per  cent  Ba;  required  18*89  per  cent. 

ParcibrommetcUn'Ofnamtdobenzocae  of  Calcium:  (C^H,BrPBr" 
NHjCOO)2Ca4-4JH20.  Obtained  by  decomposing  the  ammo- 
niiun  salt  with  calcium  chloride.  The  salt  is  tolerably  insoluble 
in  water,  crystallizing  from  it  in  small  reddish-brown  colored 
needles.  Analysis  gave  6*37  per  cent  Ca;  required  6'61  per  cent 
Ca. 

Parahrommetdbromamidohsnzoate  of  Strontium :  (CgHjBrPBr'" 
NHjCOO)2Sr+2H20.  Large,  dark-red  colored  needles.  Diffi- 
cultly soluble  in  hot  water.  An  analysis  of  the  anhydrous  salt 
gave  12'65  per  cent  Sr;  required  12'93  per  cent  Sr. 

Parabrommetabroinamidobenzoate  of  Copper:  (C^H^BrPBr" 
N'H2COO)2Cu.  From  the  ammonium  salt  by  treating  it  with 
copper  acetate.  Bright  green  in  color;  perfectly  insoluble  in 
water.  Analysis:  9-23  per  cent  Cu  found;  required  6*70  per  cent 
Cu, 

Tbibbombenzoio  Acid. 
CeHjBrPBr^BrfOOOH.    Fusing  point  196**  0. 

I  obtained  this  acid  by  converting  the  preceding  bibromamido- 
benzoic  acid,  by  means  of  nitrous  acid,  into  the  corresponding 
diazo-compound  and  then  boiling  this  last  product  with  pure 
concentrated  hydrobromic  acid.  The  pure  acid  obtained  from  the 
barium  salt  after  many  recrystallizations,  presented  the  constant 
fusing  point  195°  C.  The  acid  is  almost  perfectly  insoluble  in 
water.  Very  soluble  in  a  mixture  of  one  part  water  and  two 
parts  of  alcohol,  recrystallizing  ont  of  this  in  small  colorless 
needles.     Fuses  with  partial  decomposition. 

IVihrombenzoate  of  Lead :  {Q ^H ^Bt^Bt'^'&x^COO) ^V\>,  Ob- 
tained by  precipitating  the  ammonia  salt  with  lead  acetate.  It 
forms  a  white  insoluble  compound.  ^Fhis  salt  was  taken  in  esti- 
mating the  carbon  and  hydrogen.  Found  17*98  per  cent  carbon, 
and  089  per  cent  hydrogen.  Calculated  18*20  per  cent  carbon, 
and  0*43  per  cent  hydrogen. 

The  bi*omine  was  determined  by  burning  the  pure  acid  wifh 
oxide  of  lime  and  the  calcium  bromide  decomposed  by  silver 
nitrate.  Found  percentage  of  bromine,  66*85  per  cent ;  calculated 
66-48  per  cent. 

Trlbrombenzoate  of  Barium:  (CgHaBrPBr^Br^COOjj^Ba-f 
SHjO.  Formed  when  the  free  acid  is  boiled  with  barium  carbon- 
ate. The  pure  salt  forms  needles  easily  soluble  in  water.  The 
anhydrous  salt  when  analyzed  gave  15*53  per  cent  Ba;  calculated 
1606  per  cent  Ba. 

Pabasbommbtabbomoxybbkzoic  Acid. 
OeHjBrPBr^OH'COOH.    Fusing  point  218^  C. 

An  etherial  solution  of  parabrommetabromamidobenzoic  acid 
was  treated  with  nitrogen  trioxide  until  the  corresponding  diazo- 
compound  formed,  and  being  insoluble  in  ether  fell  out  in  flocculent 
masses.    The  diazo-compound,  perfectly  dry,  was  boiled  with  pure 
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water — the  OH  group  being  thereby  introdnced.  This  acid  is 
difficultly  soluble  in  water.  The  fusing  point  is  218°.  It  crys- 
tallizes in  colorless  needles.  When  fused,  partial  decomposition 
occurs.  A  beautiful  violet  color  is  imparted  to  its  solution,  when 
treated  with  a  few  drops  of  ferric  chloride.  A  combustion  of  the 
acid  gave  29*00  per  cent  carbon  and  1*28  per  cent  hydrogen ;  calcu- 
lated 28*38  per  cent  carbon  and  1*36  per  cent  hydrogen. 

Farabrommetahromoxyhenzoate  of  Sodium:  (CjHgBrPBr^OH' 
C00Na)-fH20.  Obtained  by  boilmg  the  barium  salt  with  sodium 
carbonate.  The  salt  is  exceedingly  soluble  in  water,  forming 
light  yellow  colored  needles,  frequently  united  to  bundles.  An 
analysis  of  the  anhydrous  f»alt  afforded  7*45  per  centNa;  required 
7;23  per  cent  Na. 

Parabrommetabromoxybenzoate  of  Barium:  (CgH^BrPBr^OH' 
C00)2Ba.  When  an  aqueous  solution  of  the  acid  is  boiled  with 
barium  carbonate,  this  salt  is  formed.  It  crystallizes  in  red  warty 
masses.  It  is  rather  insoluble  in  water.  I  obtained  by  analysis 
18*80  per  cent  Ba;  required  18*84  per  cent  Ba.  e.  p.  s. 

Philadelphia,  Pa. 

8.  Kinetic  ITieory  of  Gases. — M.  Boltzmann,  in  a  communi- 
cation to  the  Vienna  Academy  on  the  nature  of  gas  molecules, 
abandons  the  notion  that  they  behave  like  aggregates  of  material 
points  (the  atoms).  He  considers  that  in  estimating  the  impact 
action  of  the  molecules  we  may  almost  regard  the  whole  aggre- 
gate which  we  denote  as  an  individual  gas  molecule,  and  which 
may  consist  of  different  substances,  perhaps  even  ether  atoms,  as 
rigid.  It  is  found  that  then  the  ratio  of  the  heat-capacities  of  the 
gas  must  be  If,  when  the  gas-molecules  have  a  ball-form.  The 
ratio  of  the  heat-capacities  will  be  1-4  if  the  molecules  have  the 
form  of  rigid  bodies  of  rotation,  but  which  are  not  balls ;  and  1^^ 
if  they  are  of  any  other  form  of  rigid  bodies.  These  numbers  at 
least  seem  to  agree  so  far  with  those  found  experimentally,  that 
one  cannot  say  that  experiment  furnishes  a  contradiction  of  the 
theory  thus  modified.  It  is  further  shown  that  the  values  experi- 
mentally got  for  the  heat-capacity,  under  this  view,  are  in  satis- 
factory agreement  with  the  heat-capacities  of  solid  bodies.  Of 
course  the  gas  molecules  cannot  be  absolutely  rigid  bodies;  this 
is  already  disproved  by  spectral  analysis,  but  it  may  be  that  the 
vibrations  producing  gas  spectra  are  merely  brief  shiverings  dur- 
ing the  shock  of  two  molecules,  comparable  to  the  sound  per- 
ceived on  the  shock  of  two  ivory  balls. — Nature^  xv,  306. 

K.  c.  p. 

9.  Vowd  "  Clangy — M.  Auerbach,  from  researches  on  the 
nature  of  the  vowel  "clang,"  in  Prof.  Helmholtz's  physical  labora- 
tory, comes  to  the  following  conclusions,  whiah  appear  to  throw 
new  light  on  some  unsolved  problems: — I.  All  clang,  especially 
the  vowels  of  the  human  voice  and  speech,  are  to  be  defined  as 
the  consequence  of  the  joint  action  of  two  moments,  a  relative  and 
an  absolute.  2.  The  relative  moment  is  the  mode  of  distribution 
of  the  whole  intensity  among  the  individual  partial  tones  as  deter- 
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miDed  by  their  ordioal  number.  The  abttolute  is  the  dependence 
of  the  whole  intensity  of  the  absolute  pitch  of  the  partial  tones, 
and  the  modification  of  the  distribution,  are  clangs  of  the  funda- 
mental tone  therewith  connected.  3.  The  difference  of  the  vow- 
els in  the  former  relation  is  a  result  of  the  power  of  changing  the 
form  of  the  mouth  cavity.  The  differences  of  the  absolute  pitches 
characterizing  the  various  vowels,  and  of  their  influence,  are  a 
result  of  thepower  of  changing  the  volume  and  size  of  the  mouth 
cavity.  4.  Tne  first  partial  tone  is  always  the  strongest  in  clang ; 
it  deserves,  therefore,  the  name  of  fundamental  tone.  5.  The 
intensity  of  the  partial  tones  as  such,  decreases  in  general  as  their 
ordinal  number  increases ;  exceptions  indicate  the  nearness  of  the 
boundary  of  the  consonant  region.  6.  The  intensity  of  the  partial 
tones  decreases  more  slowly  the  nearer  the  vowel  clang  is,  there- 
fore more  quickly  the  duller  this  is.  1,  The  characteristic  pitch 
is  higher  the  clearer,  and  deeper  the  duller,  the  vowel  clang.  8. 
The  variations  of  the  intensity,  in  consequence  of  the  influence  of 
the  characteristic  pitch,  are  greater  the  fuller  the  vowel  is.  Very 
slight  variations  indicate  the  nearness  of  the  consonant  region.  9. 
All  the  vowels  admit  of  being  sung  within  the  whole  range  of  the 
human  voice;  but  the  dull  speak  in  very  high,  the  clear  in  very 
deep,  positions.  10.  A  little  attention  only  is  needed  to  perceive 
in  a  vowel  clang  the  over-tones  (often  comparatively  very  strong), 
without  artificial  aids.  They  then  sound  very  similar  to  the  pure 
tuning-fork  tones. — Pogg,  Ann,  Erg,^  viii,  II,  177;  Nature^xYy 
441.  E.  c.  p. 

10.  Ultra  Bed  Spectrum. — M.  E.  Becquebel  has  studied  the 
invisible  red  rays  of  the  spectrum  by  the  aid  of  phosphorescence. 
The  light  is  admitted  into  a  darkened  room  through  two  slits,  so 
that  one  beam  shall  fall  on  a  bisulphide  of  carbon  prism,  and  form 
the  spectrum  which  is  to  be  examined.  The  second  beam  passes 
through  a  prism  of  flint  glass  which  is  so  turned  that  the  ultra 
violet  portion  of  its  spectrum  shall  fiill  on  the  ultra  red  portion  of 
the  other  spectnim.  The  flint  glass  spectrum  is  not  focussed  on 
the  screen,  or  the  slit  is  opened  wide,  so  that  the  ultra  violet  lines 
and  bands  shall  not  be  visible.  These  spectra  are  received  on  a 
plane  surface  covered  with  some  phosphorescent  substance.  The 
phosphorescent  hexagonal  blende  is  best  suited  to  this  purpose,  as 
It  is  strongly  luminous,  though  it  loses  this  effect  more  rapidly 
than  the  sulphides  of  the  alcaline  earths,  but  less  rapidly  than 
carbonate  of  lime.  Bands  are  then  observed  beyond  A  for  a  dis- 
tance somewhat  greater  than  that  from  A  to  D.  Two  bands  are 
found  near  A  which  M.  Becquerel  has  called  A.  and  Ao ;  then 
follow  a  group  of  four  bands  or  lines  A\  A\y  A\^  A\^  of  which 
the  first  three  are  nearly  equidistant  The  wave  length  of  ^'  is 
840,  that  of  A  being  taken  as  7^1*5.  Beyond  is  a  broad  diffuse 
band  A'  and  near  the  limit  of  vision  is  /!'"  a  large  band  with 
well  marked  borders,  especially  on  its  more  refrangible  side.  The 
wave  lengths  of  its  two  edges  are  1220  and  1310.  Since  the  light 
of  a  diffraction  spectrum  was  too  small,  the  wave-lengths  were 
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determined  by  interpoeing  an  apparatus  giying  colored  rings  by 
means  of  thin  layers  of  air.  Attempts  have  been  made,  as  yet 
without  success,  to  form  a  phosphorescent  eye-piece  like  the  fluo- 
rescent eye-piece  of  Mr.  Soret. — JBib.  Univ.j  ccrxviii,  306. 

E,  c.  p. 

11.  Fluorescence. — M.  Lommel,  continuing  his  researches  on 
fluorescence,  arrives  at  the  following  conclusions : — 1,  There  are 
two  kinds  of  fluorescence.  In  one,  each  homogeneous  ray  falling 
within  the  limits  of  the  fluorescence  spectrum  excites  not  only 
rays  of  greater  and  equal,  but  also  waves  of  shorter  wave-length ; 
the  latter,  so  far  as  they  belong  to  the  region  in  question.  In  the 
second  kind  each  homogeneous  ray  excites  only  rays  of  greater  or 
equal  wave-length.  2.  There  are  substances  which  have  only  the 
first  kind  of  fluorescence ;  each  excitant  ray  excites  the  whole  fluo- 
rescence spectrum.  Hence  they  are  not  subject  to  Stokes's  law. 
Such  are  napthalin,  red  chlorophyll  and  eosin.  3.  There  are  sub- 
stances which  have  only  the  second  kind  of  fluorescence,  and 
which  therefore  throughout  their  fluorescence  spectrum,  obey 
Stokes's  law.  Such  are  most  of  the  fluorescent  substances  hith- 
erto examined.  4.  There  are  substances  which  have  both  kinds 
of  fluorescence,  so  that  the  first  kind  is  proper  to  a  certain  por- 
tion of  their  fluorescence  spectrum,  and  the  second  kind  proper  to 
their  remaining  parts.  Hence  these  obey  Stokes's  law  only  in 
part.  Such  are  chamdelin  red,  blue  and  green. — Pogg.  Ann.,  clix, 
614;  Nature^  xVy  441.  k.  a  p. 

12.  On  the  Equilibrium  of  heterogeneous  substances;  by  J. 
WiLLARD  GiBBS,  of  Yale  College.  141  pp.  8vo. — ^The  paper  on 
this  subject  by  Professor  Gibbs,  published  in  volume  ui.  of  the 
Transactions  of  the  Connecticut  Academy  of  Sciences  (1876),  re- 
ceived the  following  exposition  by  Professor  J.  Clerk-Maxwell, 
of  Cambridge,  England,  m  his  lecture  on  tlie  occasion  of  the  recent 
Loan  Exhibition : 

"  The  thermodynamical  problem  of  the  equilibrium  of  heteroge- 
neous substances  was  attacked  by  Kirchhoff  i^  1855,  when  the 
science  was  yet  in  its  infancy,  and  his  method  has  been  lately 
followed  by  C.  Neumann.  But  the  methods  introduced  by  Pro- 
fessor J.  Willard  Gibbs,  of  Yale  College,  Connecticut,  seem  to 
me  to  be  more  likely  than  any  others  to  enable  us,  without  any 
lengthy  calculations,  to  comprehend  the  relations  between  thQ 
difi^rent  physical  and  chemical  states  of  bodies,  and  it  is  to  these 
that  I  now  wish  to  direct  your  attention. 

In  studying  the  properties  of  a  homogeneous  mass  of  fluids  con- 
sisting of  n  component  substances.  Professor  Gibbs  takes  as  his 
principal  function  the  energy  of  the  fluid,  as  depending  on  its  vol- 
ume and  entropy  together  with  the  masses,  m,,  m-  ....  //»„  of 
its  n  components,  these  n-f-2  variables  being  regarded  as  indepen- 
dent. Each  of  these  variables  is  such  that  its  value  for  any  mate- 
rial system  is  the  sum  of  ^ts  values  for  the  difiTerent  parts  of  the 
system. 
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By  differentiating  the  energy  with  respect  to  each  of  these 
variables  we  obtain  w+2  other  quantities,  each  of  which  has  a 
physical  significance  which  is  related  to  that  of  the  variable  to 
which  it  correspond8. 

Thus,  by  differentiating  with  respect  to  the  volume,  we  obtain 
the  pressure  of  the  fluid  with  its  sign  reversed ;  by  differentiating 
with  respect  to  the  entropy,  we  obtain  the  temperature  on  the 
thermodynamic  scale ;  and  by  differentiating  with  respect  to  the 
mass  of  any  one  of  the  component  substances,  we  obtain  what 
Professor  Gibbs  calls  the  potential  of  that  substance  in  the  mass 
considered. 

As  this  conception  of  the  potential  of  a  substance  in  a  given 
homogeneous  mass  is  a  new  one,  and  likely  to  become  very  impor- 
tant in  the  theory  of  chemistry,  I  shall  give  Professor  Gibbs's 
definition  of  it. 

^  If  to  any  homogeneous  mass  we  suppose  an  infinitesimal  quan- 
tity of  any  substance  added,  the  mass  remaining  homogeneous 
and  its  entropy  and  volume  remaining  unchanged,  the  mcrease 
of  the  energy  of  the  mass,  divided  by  the  mass  of  the  substance 
added,  is  the  potential  of  that  substance  in  the  mass  considered.' 

These  w+2  new  quantities,  the  pressure,  the  temperature,  and 
the  71  poteiftials  of  the  component  substances,  form  a  class  differ- 
ing in  kind  fi-om  the  first  set  of  variables.  They  are  not  quanti- 
ties capable  of  combination  by  addition,  but  denote  the  intensity 
of  certain  physical  properties  of  the  substance.  Thus  the  pressure 
is  the  intensity  of  the  tendency  of  the  body  to  expand,  the  temper- 
ature is  the  intensity  of  its  tendency  to  part  with  heat ;  and  the 
potential  of  any  component  substance  is  the  intensity  with  which  it 
tends  to  expel  that  substance  from  its  mass. 

We  may  therefore  distinguish  these  two  classes  of  variables  by 
calling  the  volume,  the  entropy,  and  the  component  masses  the 
magnitudes,  and  the  pressures,  the  temperature,  and  the  poten- 
tials the  intensities  of  the  system. 

The  problem  before  us  may  be  stated  thus : — Given  a  homoge- 
neous mass  in  a  certain  phase,  will  it  remain  in  that  phase,  or  will 
the  whole  or  part  of  it  pass  into  some  other  phase  ? 

The  criterion  of  equiUbrium  may  be  expressed  thus  in  Professor 
Gibbs's  words — '  For  the  equilibrmm  of  any  isolated  system  it  is 
necessary  and  sufiicient  that  in  all  possible  variations  of  the  state 
of  the  system  which  do  not  alter  its  energy,  the  variation  of  its 
entropy  shall  either  vanish  or  be  negative.  » 

'The  condition  may  also  be  expressed  by  saying  that  for  all 
possible  variations  of  the  state  of  the  system  which  do  not  alter  its 
entropy,  the  variation  of  its  energy  shall  either  vanish  or  be  posi- 
tive.' 

Professor  Gibbs  has  made  a  most  important  contribution  to 
science  by  giving  us  a  mathematical  expression  for  the  stability  of 
any  given  phase  A  of  matter  with  respect  to  any  other  phase  B. 

If  this  expression  for  the  stability  (which  we  may  denote  by  the 
letter  K)  is  positive,  the  phase  A  will  not  of  itself  pass  into  the 
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phase  B,  bat  if  it  is  negatiye  the  phase  A  will  of  itself  pass  into 
the  phase  B,  unless  prevented  by  passive  resistances. 

The  stability  K  of  any  given  phase  A  with  respect  to  any  other 
phase  B,  is  expressed  in  the  folio v^ing  form: 

K  :=z  8  -\-  V p  —  rj  t  -^  m^  Mi  -^  ^^c.  -^  m^Mn 
where  €  is  the  energy,  v  the  volume,  ?j  the  entropy,  and  m,,  m,, 
etc.,  the  components  corresponding  to  the  second  phase  B,  while 
p  is  the  pressure,  t  the  temperature,  and  /i,,  //-^  ®^c->  ^^^  potentials 
corresponding  to  the  given  phase  A.  The  intensities  therefore 
are  those  belonging  to  the  given  phase  A,  while  the  magnitudes 
are  those  corresponding  to  the  other  phase  B. 

We  may  interpret  this  expression  for  the  stability  by  saying 
that  it  is  measured  by  the  excess  of  the  energy  in  the  phase  B, 
above  what  it  would  have  been  if  the  magnitudes  had  increased 
from  zero  to  the  values  corresponding  to  the  phase  B,  while  the 
values  of  the  intensities  were  those  belonging  to  the  phase  A. 

If  the  phase  B  is  in  all  respects  except  that  of  absolute  quan- 
tity of  matter  the  same  as  the  phase  A,  K  is  zero ;  but  when  the 
phase  B  differs  from  the  phase  A,  a  portion  of  the  matter  in  the 
phase  A  will  tend  to  pass  into  the  phase  B  if  K  is  negative,  but 
not  if  it  is  zero  or  positive. 

If  the  given,  phase  A  of  the  mass  is  such  that  the  value  of  K 
is  positive  or  zero  with  respect  to  every  other  phase  B,  then  the 
phase  A  is  absolutely  stable,  and  will  not  of  itself  pass  into  any 
other  phase. 

Ifi  however,  K  is  positive  with  respect  to  all  phases  which  differ 
from  the  phase  A  only  by  infinitesimal  variations  of  the  magni- 
tudes, while  for  a  certain  other  phase,  B,  in  which  the  magnitudes 
differ  by  finite  quantities  from  those  of  the  phase  A,  K  is  nega- 
tive, then  the  question  whether  the  mass  will  pass  from  the  phase 
A  to  the  phase  B  will  depend  on  whether  it  can  do  so  without 
any  transportation  of  matter  through  a  finite  distance,  or,  in  other 
words,  on  whether  matter  in  the  phase  B  is  or  is  not  in  contact 
with  the  mass. 

In  this  case  the  phase  A  is  stable  in  itself,  but  is  liable  to  have 
its  stability  destroyed  by  contact  with  the  smallest  portion  of 
matter  in  certain  otner  phases. 

Finally,  if  K  can  be  made  negative  by  any  infinitesimal  varia- 
tions of  the  magnitudes  of  the  system  A,  the  mass  will  be  in 
unstable  equilibrium,  and  will  of  itself  pass  into  some  other  phase. 

As  no  such  unstable  phase  can  continue  in  any  finite  mass  for 
any  finite  time,  it  can  never  become  the  subject  of  experiment ; 
but  it  is  of  great  importance  in  the  theory  of  chemistry  to  know 
how  these  unstable  phases  are  related  to  those  which  are  rela- 
tively or  absolutely  stable. 

The  absolutely  stable  phases  are  divided  from  the  relatively 
stable  phases  by  a  series  of  pairs  of  coexistent  phases,  for  which 
the  intensities  /?,  ^,  //,  etc.,  are  equal  and  K  is  zero.  Thus  water 
and  steam  at  the  same  temperature  and  pressure  are  coexistent 
phases. 
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As  one  of  the  two  coexisteDt  phases  is  made  to  vary  in  a  continu- 
ous manner,  the  other  may  approach  it  and  ultimately  coincide 
with  it.  The  phase  in  which  this  coincidence  takes  place  is  called 
the  Critical  Phase. 

The  region  of  absolutely  unstable  phases  is  in  contact  with  that 
of  absolutely  stable  phases  at  the  critical  point.  Hence,  though 
it  may  be  possible  by  preventing  the  body  from  coming  in  contact 
with  certain  substances  to  bring  it  into  a  phase  far  beyond  the 
limits  of  absolute  stability,  this  process  cannot  be  indefinitely 
continued,  for  before  the  substance  can  enter  a  new  region  of 
stability  it  must  pass  out  of  the  region  of  relative  stability  into 
one  of  absolute  instability,  when  it  will  at  once  break  up  into  a 
system  of  stable  phases. 

Thus  in  water  for  any  given  pressure  there  is  a  correspond ing 
temperature  at  which  it  is  in  equilibrium  with  its  vapor,  and 
beyond  which  it  cannot  be  raised  when  in  contact  with  any  gas. 
But  if,  as  in  the  experiment  of  Dufour,  a  drop  of  water  is  oaretuUy 
freed  from  air  and  entirely  surrounded  hj  liquid  which  has  a  high 
boiling  point,  it  may  remain  in  the  liquid  state  at  a  temperature 
far  above  the  boiling  point  corresponding  to  the  pressure,  though 
if  it  comes  in  contact  with  the  smallest  portion  of  any  gas  it 
instantly  explodes. 

But  it  is  certain  that  if  the  temperature  were  raise'd  high  enough 
the  water  would  enter  a  phase  of  absolutely  unstable  equilibrium, 
and  that  it  would  then  explode  without  requiring  the  contact  of 
any  other  substance. 

Water  may  also  be  cooled  below  the  temperature  at  which  it 
generally  freezes,  and  if  the  water  is  surrounded  by  another  liquid 
of  the  same  density  the  pressure  may  also  be  reduced  below  that 
of  the  vapor  of  water  at  that  temperature.  If  the  water  when  in 
this  phase  is  brought  in  contact  with  ice  it  will  freeze,  but  if 
brought  in  contact  with  a  gas  it  will  evaporate. 

Professor  Guthrie  has  recently  discovered  a  verv  remarkable 
case  of  equilibrium  of  a  liquid  which  may  be  solidified  in  three 
different  ways  by  contact  with  three  different  substances.  This 
is  a  solution  of  chloride  of  calcium  in  water  containing  37  per  cent 
of  the  salt.  This  solution  is  capable  of  solidification  at  —37°  C, 
when  it  forms  the  scdid  cryohydrate  having  the  same  composition 
as  itself.  But  it  may  be  cooled  somewhat  below  this  temperature, 
and  then  if  it  is  touched  with  a  bit  of  ice  it  throws  up  ice,  if  it  is 
touched  with  the  anhydrous  salt  it  throws  down  anhydrous  salt, 
and  if  it  is  touched  with  the  cryohydrate  it  solidifies  into  cryohy- 
drate." 

11.   Geology  and  Mineralogy. 

1.  The  Lcees  of  the  Bhine  and  Danube^  by  Thomas  Belt, 
F.G.S. — Mr.  Belt  discusses  the  characters,  position  and  height  of 
the  loBss,  and  the  evidences  in  the  transported  bowlders,  stones 
and  organic  remains  it  contains  in  some  places,  of  its  having 
originated  in  connection  with  the  Glacial  era,  observing  that  '*  no 
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more  Arctic  fauna  is  known  in  the  basin  of  the  Danube  and  the 
Rhine  than  that  of  the  loess ;"  also  that  '^  along  the  northern  flanks 
of  the  Carpatheans,  the  Scandinavian  drift  lises  to  heights  of  1,000 
to  1,200  feet."  He  adopts  LyelPs  view,  that  the  valley  had  been 
excavated  before  the  deposition  took  place.  Instead  of  holding 
that  the  supply  of  water  from  the  melting  ice  was  sufficient  to 
account  for  the  height  of  the  stream,  he  assumes,  as  in  his  former 
papers,  that  the  ice  accumulating  along  the  coast  and  thus  block- 
ing up  the  drainage  of  the  continents,  dammed  up  the  streams 
about  their  mouths  and  so  caused  lakes.  He  says,  "  I  was  first  led 
to  believe  that  the  ice  had  effected  this  rresult]  in  studying  the 
glaciation  of  North  America,  and  in  18661  advanced  the  opmion 
that  the  drainage  of  the  St.  Lawrence  had  been  blocked  up  by  the 
ice  moving  down  from  the  north ;  and  that  thus  a  great  inland 
fresh-water  sea  had  been  formed  over  which  icebergs  Boated.  He 
says  further  that  during  a  visit  to  North  America  in  1874, 1  found 
many  more  proofs  that  the  drainage  of  the  northeastern  part  of 
the  continent  was  blocked  by  ice  that  flowed  down  the  bed  of  the* 
Atlantic  from  the  direction  of  Greenland ;"  and  from  these  and 
other  facts,  came  the  conclusion  that  'Hhe  drainage  of  Europe 
had  been  blocked  up — not  by  Scandinavian  ice,  but  by  that  which 
occupied  the  bed  of  the  Atlantic  and  had  reached  to  our  western 
shores."  Thus  "  the  waters  were  raised  over  which  floated  ice- 
bergs from  the  north  carrying  the  Scandinavian  drift,  and  into 
this  great  lake  the  Danube  and  the  Rhine,  or  the  upper  portions 
of  them  above  its  level,  brought  down  fine  mud  from  the  glacier- 
capped  Alps  which  was  deposited  as  Iobss." 

There  is  no  such  damming,  as  far  as  is  known,  about  Greenland, 
the  subglacial  streams  being  large  and  flowing  freely  to  the  sea ; 
and  hence  the  practicability  of  damming  the  fresh  waters  in  the 
way  supposed  may  be  doubted.  The  assumed  amount  of  Atlantic 
ice  appears  to  be  far  beyond  what  could  have  existed.  The 
article  does  not  give  the  facts  as  to  uniformity  of  level  in  the  Iobss 
along  the  whole  course  of  the  Rhine  needed  to  prove  that  the 
deposits  are  of  lacustrine  origin.  The  facts  about  southern  New 
England  show  that  there  has  been  no  such  damming  by  shore  ice 
as  Mr.  Belt  suggests;  for  they  prove  that  the  height  of  the 
terraces  along  the  river-valleys  has  depended  almost  wholly  on 
river-floods,  with  only  such  lakes  as  come  from  damming  by  ice 
or  otherwise  along  their  coursa  And  it  seems  altogether  probable 
that  the  height  of  the  loess  on  the  Rhine  and  Danube  had  the 
same  origin.  The  change  of  level  proved  for  southern  New  Eng- 
land does  not  exceed  fifteen  feet ;  and  none  was  needed  to  produce 
the  occurring  heights  of  the  river-valley  terraces.  J.  d.  d. 

2.  Thickness  o/*  the  PaUeozoic  rocks  of  Central  Pennsylvanick 
— Mr.  C.  A,  Ashbumer,  of  the  Geological  Survey  of  Pennsylvania, 
has  carefnlly  measured  a  section  of  the  rocks  from  the  top  of  the 
Alleghany  River  Coal  Series  down  to  the  Trenton  limestone. 
The  details  are  contained  in  his  Report.  The  aggregate  results 
are  as  follows:  the  Carboniferous  from  the  top  of  the  Mahoning 
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sandstODe  in  the  Coal  Measures,  tp  wbat  is  called  the  Upper 
Catskill  or  Pocono  group  (Rogers's  Vespertine,  No.  1 0)  inclusive, 
at  least  8,777  feet;  Devonian  strata,  7,976  feet;  Oriskany  sand- 
stone (which  is  referred  by  some  to  the  Devonian  and  others  to  the 
Upper  Silurian)  68  feet ;  Upper  Silurian  4,214  feet ;  Hudson  River 
and  Utica  shale  and  Trenton  at  least  2,370  feet — making  in  all 
18,304  feet. 

In  the  section,  the  Pocono  sandstone  has  a  thickness  of  2,133 
feet,  and  is  overlaid  by  the  Mauch  Chimk  Red  Shale  (Rogers's 
Umbral),  1,100  feet;  the  Potts ville  conglomerate  (Millstone  grit, 
Rogers's  Serai),  280  feet ;  and  the  Alleghany  River  (or  Lower 
Productive)  Coal  Measures,  264  feet.  Tlie  Devonian  commences 
with  the  Catskill  Red  sandstone  (Rogers's  Ponent),  2,680  feet 
thick,  and  is  underlaid  by  90  feet  of  "  transition  strata"  between 
it  and  the  next  below ;  1 ,860  feet  of  Chemung  shales  (Vereent) ; 
1,450  feet  Portage  flags  (Vergent);  326  feet  Genesee  slate  (Upper 
Cadent) ;  636  feet  Hamilton  shales  (Cadent) ;  875  feet  Marcellus 
Black  shale  (Lower  Cadent) ;  60  feet  Upper  Helderberg  lime- 
stone (Post-meridian) ;  68  feet  Oriskany  sandstone  (Meridian).  The 
Upper  Silurian  includes  742  of  Lower  Helderberg  beds  (the  upper 
162  feet  limestone);  440  feet  of  Onondaga  marlytes;  1,960  feet 
of  Clinton  shales  and  ore-rocks  (the  ore-rocks  53  feet  thick  and 
including  two  beds  of  ore  12  inches  apart,  the  upper  of  10  inches 
average  thickness  and  the  lower  of  14  inches);  1,.^30  feet  of  Me- 
dina sandstone ;  668  of  Oneida  sandstone  (Levant).  The  Lower 
Silurian  includes  Hudson  River  shale  800  feet ;  Utica  shale  1,070 
feet;  Trenton  limestone  600  feet.  Below  lie  the  Calciferous  and 
Potsdam,  of  unknown  thickness. 

3.  Notes  upon  the  Lower  Helderberg  rocks  of  Port  Jervis, 
N,  Y.  ;*  by  Dr.  S.  T.  Barrett. — The  subdivisions  and  fossil  con- 
tents of  the  Lower  Helderberg  and  underlying  rocks  near  this  vil- 
lage are  sufficiently  peculiar  to  warrant  their  description.  They 
are  situated  in  the  midst  of  what  has  very  appropriately  been 
called  the  Appalachian  System ;  a  system  of  long  monoclinal 
ridges  fronting  the  Atlantic  and  sloping  backward  with  varying 
dips  toward  the  northwest.  These  monoclinal  ridges  trending 
northeast  and  southwest  are  crossed  more  or  less  obli(juely  by  a 
secondary  and  compensatory  system  of  flexures  trendmg  nearly 
north  and  south.  The  Lower  and  Upper  Helderberg  strata 
together  constitute,  when  elevated  above  the  drift,  a  low  mono- 
clinal ridge  extending  parallel  with  the  Shawangunk  (pronounced 
Shongum)  Mountain,  at  a  distance  varying  from  less  than  a  mile 
to  three  or  four  miles  northwest  of  the  crest-line  of  that  moun- 
tain. The  transverse  or  secondary  system  of  flexures  cause  the 
Helderberg  Ridge  to  rise  and  sink  m  a  succession  of  anticlinal 
and  synclinal  folds,  which  add  very  much  to  the  pioturesqueness 
of  the  long  monoclinal  valley  in  which  Port  Jervis  is  situated. 
The  roads  across  this  ridge  are  made  necessarily  in  the  synclinals, 

*  Abridged  by  the  author  from  a  paper  upon  the  same  subject  in  voL  xi,  Ann. 
Lye  Nat.  History,  N.  Y. 
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and  the  lime-qaarries  are  worked  in  the  southeastern  fronts  of  the 
anticlinals.  This  arrangement  is  further  deversified  by  the  dip ; 
the  ridges  and  valleys  being  narrowest  where  that  is  steepest,  and 
broadest  where  it  is  most  nearly  horizontal.  These  secondary 
flexures  are  very  near  together  here,  three  of  them  occurring  in 
the  space  of  six  miles  lineally  of  the  ridge.  Bennet's  Quarry  is 
the  central  one  of  these,  and  has  been  most  studied  by  the  writer. 
Nearpass'  and  Buckley's  Quarries  lie  south  and  north  of  it  respect- 
ively. The  strata  visible  at  any  quarry  depends  upon  the  extent 
of  the  upheaval,  the  amount  of  talus  at  bottom,  and  of  erosion  at 
the  top. 
There  are  at  Bennet's  Quarry,  beginning  at  the  bottom : 

No.  1.  Tentaculite  Limestone,  Prof.  Cook's  Quarrj  Stone;*  makes  the  best  of  lime 
for  building  purposes ;  about  twenty  feet  thick.f 

Ko.  2.  Favoflite  Limestone ;  from  two  to  five  feet  thick. 

Ko.  3.  Lower  Pentamenis  and  Ohertj  Limestone ;  together,  forty  feet  thick. 

No.  4.  Delthyris  Shale;  one  hundred  and  twenfy  feet  thick. 

No.  6.  Upper  Quarry  Stone ;  ten  feet  thick. 

No.  6.  Upper  Shale ;  one  hundred  and  fifty  feet  thick. 

No.  7.  Trilobite  Layers ;  five  to  ten  feet  thick. 

Nos.  5,  6  and  7  are  believed  to  belong  to  the  Upper  Pentamenis  subdivision; 
and  are  succeeded  by  rocks  of  the  Oriskany  Sandstone  and  Cauda  GraUi  Grit 
formations,  the  latter  exhibiting  a  thickness  of  from  five  hundred  to  eight  hun- 
dred feet. 

The  following  fossils  were  very  kindly  identified  for  me  by  Prof. 
Hall: 

From  No.  1,  Tentaculate  Limestone;  TentctctUites  gyrdcanthus^ 
iSpirifer  Vanuxemi^  Megambonia  ovoidea^  and  Strophodonta 
varistriata. 

From  No.  2,  or  Favosite  Limestone,  Favosites  Helderbergi^  a 
Cyathophyllum^  and  Pentamerus  galecUua. 

From  No.  3,  or  Lower  Pentamenis  and  Cherty  Limestones; 
DoUmanitea  plewroptyXy  Pentamerus  gcUeatus^  and  a  form  of  Lich- 
ejialid. 

From  No.  4,  Delthyris  Shale ;  Spirifeir  macropleurua^  S.  lameU 
lostiSy  and  many  more  forms  peculiar  to  and  usually  abundant  in 
this  subdivision. 

From  No.  6,  Upper  Quarry  Stone ;  Rhyncho7ieUa  verUricoaa  and 
PkUyceras  retrorsum. 

From  No.  6,  Upper  Shale.  This  subdivision  is  very  sparingly 
fossiliferous. 

From  No.  7,  Trilobite  layers;  Chonetea  complanata^  Henaael- 
aeria  mutahUia^  Homdlonotua  Vdnuxemi,  DcUmanitea  pleuroptyXy 
D,  naautd,  D.  micrurua^l  D.  dentata^  Hyolithea  centennicUia^ 
iStrophomena  rkomhoidalia^  S,  Conradiy  Strophodonta  cavumbona, 
S,  plamtlata,    S,    Beckii^    8.   Leaventjoorthdna^    S.    variatriata^ 

♦  Geology  of  New  Jersey,  p.  159. 

f  The  thickness  of  strata  as  given  in  this  paper,  and  the  names  of  subdivisions 
are  different  from  the  original  paper.  I  think  the  thickness  was  overestimated  in 
my  first. 

X  Described  by  myself  in  this  Journal,  vol  xi,  p.  200.  Described  by  me  in 
Ann.  Lye.  Nat  Hist  N.  Y..  voL  xi. 
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Orthis  subcarinatay  O.  muUistriatay  Spirifer  arrectus^  Cyrtia  ross- 
trat<Zj  Pterinea  textiliSy  Discina  discus,  D.  Conradi^  Holopett  anti- 
quay  Loxonema  Mtchianay  Tentacidites  elongatuSy  a  form  allied  to 
TreniatiSy  a  Beyrichiay  probably  B,  granuliferay  and  some  other 
species  not  determined. 

I  have  been  thus  exhaustive  in  the  enumeration  of  the  species 
contained  in  this  subdivision,  because  the  richness  of  its  launa^ 
separated  as  it  is  by  more  than  a  hundred  feet  of  nearly  unfossil- 
iferous  strata  from  the  true  Delthyris  Shale  below,  and  the  num- 
ber of  species  apparently  unknown  elsewhere,  make  it  one  of  the 
anomalies  in  the  geology  of  the  locality.  The  most  abundant  fos- 
sils, and  in  the  order  named,  are  Chonetes  complanatay  Rensselr 
aeria  mutahiliSy  and  Balmanites  dentata,  *  The  stony  casts  of  these 
fossils  literally  make  up  the  rock. 

The  Favosite  Limestone  *  No.  2,  is  also  peculiar.  It  is  so  full 
of  large  corals,  principally  Favosites,  that  it  is  at  first  hard  to 
believe  it  is  not  the  equivalent  of  the  Coralline  of  Schoharie, 
described  by  Prof.  Hall  in  his  PalfiBozoic  Fossils  of  New  York, 
volume  iL  It  occupies,  however,  about  the  position  assigned  by 
that  distinguished  paleontologist  to  the  Stromatopora  limestone. 
It  is  a  coarse,  brecciated  limestone,  and  contains,  besides  Favo- 
sites,  an  abundance  of  encrinal  fragments  in  an  unrecognizable 
condition,  ChcBtetes  Hdderhergiay  Pentameras  galeatuSj  tStrapho- 
donta  punctuliferay  and  other  Delthyris  Shale  fossils.  .Favosites 
Htlderhergia  is  certainly  present,  but  unless  that  species  is  very 
variable,  it  is  not  the  only  form  of  the  genus  so  numerously  rep- 
resented in  this  layer.  The  most  common  type  resembles  very 
closely  the  K  hlagarensis  of  Hall.  Although  this  Favosite 
Limestone  is  very  distinct  from  the  Coralline  of  Schoharie,  the 
presence  of  F,  Niagarensis  in  the  former,  if  it  is  present,  would 
seem  to  make  that  fossil  of  little  account  in  determining  the  age 
of  the  latter  limestone. 

4.  Geological  and  Geographical  Survey  of  the  Territories^  F. 
V.  Hayoen,  U.  S.  Geologist-in-charge. — The  Survey  has  recently 
issued  a  "  Drainage  Map"  of  C/olorado ;  the  primary  triangula- 
tion  by  J.  T.  Gardner  and  A.  D.  Wilson,  the  topography  by  A, 
D.  Wilson,  G.  R.  Bechler,  H,  Gannett,  G.  B.  Chittenden,  and 
S.  B.  Ladd.  Also  a  Hypsometric  Map  of  the  United  States,  by 
Henry  Gannett,  M.E.,  a  map  of  contour  lines,  which  includes  the 
whole  of  the  United  States,  and  gives,  far  better  than  any  map 
hitherto  published,  the  topography  of  this  part  of  the  continent. 
Mr.  Gannett,  besides  being  an  engineer  himself,  is  the  author  of 
the  Report,  from  this  Survev,  containing  full  lists  of  all  heights 
that  have  been  determined  in  the  country,  and  he  was  thus  pre- 
pared for  making  this  diagram  of  the  collected  facts.  Such  a  map 
IS  of  course  and  always  will  be  capable  of  improvement.  But  it 
brings  out  well  the  great  features  of  the  mountain  region  west 
of  the  Mississippi.  The  contour  lines  are  those  of  600  and  1,000 
feet,  and  of  each  added  1,000. 

*  Name  suggested  bj  Prof.  D.  8.  Martm,  of  Rutgers  Female  College,  N.  T. 
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A  new  number  of  the  BuUetin  of  iJie  Survey  contains  a  paper 
entitled  "  a  Calendar  of  the  Dakota  Nation" — a  document  of  picto- 
rial hieroglyphics,  comprising  the  chief  events  in  Dakota  history, 
during  the  71  years  following  1799,  with  its  interpretation,  by 
Lieut.-Col.  G.  Mallery  ;  also  others— on  the  KjdkKenmdddines 
and  graves  of  a  former  population  of  the  coast  of  Oregon,  by  r, 
Schumacher,  with  22  maps  and  plates ;  on  the  Twana  Indians  of 
the  Skokomish  Reservation  in  Washington  Territory,  by  Rev.  M. 
Eblls  ;  Notes  on  a  Collection  of  Noctuid  Moths,  made  in  Colo- 
rado in  1876  by  Dr.  A.  S.  Packard,  Jr.,  by  A.  R.  Grotb;  on  the 
Tineina  of  Colorado,  and  on  new  Entomostracans  from  Colorado, 
by  V.  T.  Ghambbbs  ;  on  a  new  Cave  Fauna  in  Utah,  and  descrip- 
tions of  new  Phyllopod  Crustacea  from  the  West  collected  by  Dr. 
T.  Watson  and  Dr.  E.  Coues,  by  Dr.  A.  S.  Packard,  Jr. ;  Notes 
on  some  Artesian  borings  along  the  line  of  the  Union  Pacific  Rail- 
road in  Wyoming  Territory,  by  F.  V.  Haydbn. 

These  Artesian  borings,  seven  in  number,  are  located  between 
Rawlins  and  Green  River,  and  were  made  by  the  chief  engineer  of 
the  Pacific  Railroad,  Mr.  T.  E.  Sickles.  The  surface  varies  in 
height  from  6,224  to  7,100  feet — the  latter  on  the  "Continental 
divide."  The  beds  passed  through  were  Tertiary  or  Tertiary  and 
Cretaceous,  and  lie  in  a  basin,  very  nearly  horizontal.  No.  1 
counting  from  the  west,  near  Rock  Springs,  1,145  feet  deep,  stopped 
at  the  bottom  of  the  Fox  Hill  group  of  the  Cretaceous,  and 
^afforded  a  flow  at  the  surface  of  960  gallons  per  hour,  or  26  feet 
above  it  of  670  gallons  per  hour.  No.  2,  near  Point  of  Rocks,  1,000 
feet  deep,  stopped  at  the  top  of  the  Fox  Hill  group,  and  afforded 
an  abundant  supply  of  water  at  1 7  feet  from  surface.  N  o.  3,  near 
Bitter  Creek,  696  feet  deep,  descended  into  the  Laramie  group, 
the  upper  part  of  the  Lignitic  series,  "  and  yields  2,160  gallons 
per  hour,  while  flowing  1 ,000  gallons  per  hour.  The  most  west- 
ern, just  east  of  Creston,  1,106  feet  deep,  reached  to  the  bottom 
of  the  Cretaceous,  and  yields  2,000  gallons  of  water  per  hour; 
water  ten  feet  from  the  surface." 

6.  Note  on  the  Criticism  of  Prof  IStevenson  ;  by  A.  C.  Pkalb. 
(Communicated). — The  only  point  in  Prof.  Stevenson's  criticism 
of  my  notes  on  the  -  age  of  tne  Kocky  Mountains  in  Colorado,* 
which  requires  an  answer  is  as  follows : 

Gn  page  298  he  says  that  on  page  174  of  my  article  "the  state- 
ment IB  made  that  the  Trias  is  present  in  Southwestern  Colorado 
and  Northern  New  Mexico,"  and  that  I  use  its  presence  there  as 
a  strong  proof  of  its  presence  in  the  interior  in  opposition  to  his 
assertion  that  it  is  absent  in  the  interior.  To  prevent  misappre- 
hension I  wish  to  state  that  the  sentence  on  page  174  of  my  arti- 
cle reads  as  follows:  "In  Southwestern  Colorado  and  Northern 
New  Mexico,  the  Triassic  is  aUo  present."  On  pages  173  and  174 
I  prove  its  presence  in  the  interior  (i.  e.  in  South  Park,  north  and 
west'  of  the  Sawatch  Ran^e,  and  in  the  Elk  Mountains).  Hence  I 
do  not  use  its  presence  m  Southwestern  Colorado  and  Northern 
New  Mexico  as  a  proof  of  its  presence  in  the  interior. 

*  This  volume,  page  297. 
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The  main  points  of  my  article  are  not  t(»uched  by  Prof.  Steven- 
son, except  one,  viz :  in  regard  to  the  Tertiary  elevation  of  the 
Rocky  Mountains,  in  which,  as  he  says,  we  agree.  As  to  his  Car- 
boniferoas  and  Triassic  upheavals  we  differ. 

It  is  my  intention  to  elaborate  my  views  on  the  subject  in  the 
Report  of  the  Survey  for  1876. 

Washington,  D.  0.,  April  18th,  1877. 

6.  American  FaloBozoic  Fossils, — Mr.  S.  A.  Miller  of  Cincin- 
nati, Ohio,  proposes  to  publish  a  catalogue  of  the  species  of  Amer- 
ican PaliBozoic  fossils  arranged  under  each  dass  in  alphabetical 
order,  ^viiig  name  of  author,  date  and  place  of  publication,  strat- 
igraphioal  position,  and  etymology  oi  worda  The  prospectus 
states  that  the  volume  will  contain  about  276  pages,  and  will  be 
ready  for  sale  by  the  1st  of  June  next.  Price,  b(»und  in  cloth, 
$8.00.  Mr.  Miller  should  be  addressed  at  No.  8  W.  dd  street, 
Cincinnati,  Ohio. 

7.  PaloBontographica,  Beitrdge  zu/t"  Naturgeschichte  der  Vor- 
teity  herausgegeben  von  W.  Dfnker  ^of  Marburg)  und  K.  A.  Zrr- 
TEL  (of  Munich). — It  is  proposed  to  issue  the  PalsBontographica 
hereafter  annually  in  volumes  like  the  earlier,  at  a  price  not 
exceeding  45  shillings  (English)  per  year,  pa v able  at  the  begin- 
ning of  each  year  by  Post  OflSce  order.  The  editors  will  have  the 
assistance  of  W.  Benecke,  E.  Bbyrich,  M.  Neumayr,  F.  K5mer, 
and  K.  ton  Sbebach,  as  a  committee  of  the  German  Geological 
Society.  The  20  volumes  of  the  first  series,  and  1  to  3  of  the  sec- 
ond, may  now  be  had  at  60  per  cent  deduction  from  the  original 
prices,  if  applied  for  at  once.  The  publisher  is  Theodore  Fisher 
of  Cassel,  Prussia. 

8.  Analyses  of  Japanese  Porcelain-rocks^  by  Henry  Wurtz. — 
The  paper  upon  porcelains  and  porcelain-rocks  from  Japan, 
by  Mr.  Wurtz,  was  noticed  in  the  last  number  of  this  Journal 
(p.  320).  The  following  are  some  of  the  analyses  contained  in 
the  paper: — Analysis  (1)  is  of  a  variety  which  has  the  native 
name  Tsv^i-chuchi ;  it  is  one  of  the  most  valuable  of  the  porcelain- 
rocks  found  at  Idzumiyama.  It  is  a  dull-white,  porous,  granular, 
coherent  mass,  not  unlike  coarse  chalk  in  appearance,  though 
much  tougher.  It  adheres  to  the  tongue,  ^ith  a  chalky  taste. 
Several  other  varieties  of  somewhat  different  appearance,  and 
employed  in  different  ways  in  the  manufacture  of  the  porcelain, 
ffave  verv  nearly  the  same  composition.  This  is  shown  in  the 
analysis  ^2)  of  the  variety  Shiro-chuchi 

The  only  one  which  varies  widely  from  these  in  chemical  char- 
acter is  the  kind  called  Kudaru-yama-chuchi,  and  for  which  Mr. 
Wurtz  coins  the  English  name,  Kudaruyamite,  Analysis  (3) 
below  gives  its  composition  (G.=2*663),  and  (4)  the  same  after  the 
deduction  of  the  opal-silica  present.  It  is  a  pure  white,  soft,  chalk- 
like substance,  with  slightly  unctuous  feel ;  under  a  magnifier  it 
appeal's  to  be  made  up  of  small,  amorphous,  transparent  grains. 
In  water  it  falls  to  powder  immediately. 
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9:  On  the  Hermannolite  of  Shepard^  and  on  the  Samarskite  of 
North  Carolina;  by  Prof.  Delafontaine.  (Letter  to  J.  D.  Dana, 
dated  Chicago,  March  23,  1877.)— I  have  recently  made  an  exam- 
ination of  some  tantaliferous  minerals  of  the  United  States,  a  brief 
account  of  which  I  offer  now.  Prof.  Shepard  sent  me  last  sum- 
mer a  sample  of  his  hermannolite^  in  which  I  was  able  to  find 
only  a  large  proportion  of  niobic  acid,  about  1 6  per  cent  of  tanta- 
lic  ticid,  and  very  doubtfully  a  little  titanic  acid.  In  one  of  his 
notes  on  this  subject  Pro!  SHepard  insists  upon  the  difference  in 
specific  gravity  between  hermannolite  and  the  niobite  (columbite) 
from  Brainard  s.  Two  facts  account  for  that :  Brainard's  niobite 
contains  over  37  per  cent  of  tantalic  acid,  as  I  ascertained  from 
specimens  kindly  given  to  me  by  Mr.  C.  U.  Shepard  himself; 
furthermore,  the  crystals  of  hermannolite  contain  some  foreign  sub- 
stance in  the  form  of  yellowish  crystals,  which  I  could  not  sepa- 
rate from  the  mass  they  were  imbedded  in. 

In  the  Portland  and  Middletown  (Conn.)  colnmbites  I  found 
respectively  22*6  and  20  per  cent  of  tantalic  acid.  A  careful 
examination  of  the  samarskite  from  Mitchell  County  (N.  C.)  has 
shown  me  that  the  brownish  variety,  with  a  less  conchoidal 
fracture,  looking  somewhat  like  euxenite,  contains  about  26  per 
cent  of  tantalic  acidy  a  small  percentage  of  thoria  and  of  didy' 
miuniy  in  addition  to  the  elements  found  by  Hunt  in  1852.  The 
yttria  includes  also  a  little  of  the  rosy  earth  with  absorption 
spectrum,  called  erbia  by  Bunsen,  Cleve  and  others,  and  more  of 
tne  yellow  earth  described  by  Mosander  under  the  name  of  erbiay 
but  which,  in  order  to  avoid  confusion,  I  call  terbia  (giving  up 
the  name  mosandria  which  I  proposed  three  years  ago).  The 
existence  of  that  base  is  still  denied  by  Bunsen  and  Cleve,  but 
their  conclusions  I  am  further  than  ever  from  accepting.  A  mon- 
ograph of  its  principal  compounds  will  soon  be  published.  All 
my  endeavors  to  find  Mr.  Hermann's  ilmenium  in  samarskite  have 
proved  unsuccessful  as  well  as  those  of  Marignac  and  Blomstrand, 
working  on  other  material. 

[The  account  by  Pro£  Shepard  states  that  the  hermannolite  was 
found  at  a  locality  near  the  house  of  Mr.  Cook  (a  dealer  in  min- 
erals) ;  but  Mr.  Cook  informs  us  that  there  is  no  such  locality,* 
and  that  it  must  have  come  from  the  columbite  locality,  a  mile 
distant  from  it. — Eds.] 
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III.  Botany  and  Zoology. 

1.  On  Righ;trhanded  and  Left-handed  Relations  in  Space. — 
The  following  is  extracted  from  J.  Clerk-Maxwell's  Treatise  on 
Electricity  and  Magnetism,  i,  p.  23.  "  In  this  treatise,  the  mo- 
tions of  translation  along  any  axis,  and  of  rotation  around  that 
axis,  will  be  assumed  to  be  of  the  same  sign,  when  their  directions 
correspond  to  those  of  an  ordinary  or  right-handed  screw."  "  The 
combined  action  of  the  muscles  of  the  arm.  when  we  turn  the  upper 
side  of  the  right  hand  outward,  and  at  the  same  time  thrust  the 
hand  forward,  will  impress  the  right-handed  screw  motion  on  the 
memory  more  firmly  than  any  verbal  definition.  A  common  cork- 
screw may  be  used  as  a  material  symbol  of  the  same  relation." 
"l^is  is  the  right-handed  system  which  is  adopted  in  Thomson  and 
Tait's  Natur^  Philosophy^  §  243.  The  opposite,  or  left-handed 
system,  is  adopted  in  Hamilton  and  Tait's  Quaternions.^^ 

It  appears,  therefore,  that  the  view  which  '*  A.  Gray,  Darwin, 
and  Bentham"  are  blamed  for  taking,  is  regarded  as  the  natural 
one  by  Clerk  Maxwell,  Thomson,  etc.,  among  the  mathematicians 
and  physicists.  For  avoiding  ambiguity,  "  Prot  W.  EL  Miller  has 
suggested  to  me  that,  as  the  tendrils  of  the  vine  are  right-handed 
screws,  and  those  of  the  hop  left-handed,  the  two  systems  of  rela- 
tions in  space  might  be  called  those  of  the  vine  and  hop  respect- 
ively," Maxwell,  1.  c.  This  botanical  illustration  is  readily 
understood,  but  is  not  altoff ether  a  happy  one.  By  "  the  vine," 
everywhere  out  of  the  United  States,  the  grape-vine  (as  we  call  it) 
is  meant.  Now  the  vine-tendril  hardly  coils  except  when  it  has 
laid  hold,  and  then,  when  half  the  coil  is  in  one  direction  Che 
other  is  necessarily  in  the  reverse.  And  the  hop  has  no  tendrils : 
the  meaning  is  that  its  stem  in  climbing  moves  from  right  to  left^ 
L  e.,  of  the  outside  observer;  while  in  the  larger  number  of 
climbers  (of  which  Bindweed,  Convolvulua^  etc.,  is  the  better 
type)  the  movement  is  in  the  opposite  direction.  But  the  terms 
**  hop-system  and  vine-system"  are  obviously  impracticable  in  de- 
scriptive botany.  '*  With  the  sun"  and  "  against  the  sun" — the 
terms  which  Darwin  commonly  uses— might  perhaps  be  made 
manageable  in  botanical  description ;  but  the  terra  heliotropic  is 
used  in  a  different  sense  and  connection,  and  anti-heliotropic  for 
the  counterpart  is  too  long  and  awkward  a  word.  EiUropic  and 
antUropio  might  serve  the  purpose,  and  if  agreed  upon  would  do 
away  with  the  ambiguity  of  the  terms  right  and  left,  as  affected 
by  the  position  of  the  observer,  whether  within  or  without  the 
circle  or  coil.  Thus,  in  saymg  that  the  hop  in  twining  "  follows 
the  course  of  the  sun,"  it  matters  not  whether  the  coil  and  the 
apparent  path  of  the  sun  be  regarded  from  the  outside  or  from 
the  inside.  a.  g. 

2.  Observations  sur  Venroulemeut  des  YriUes^  par  M.  Casimib 
DbCandolle.  Extr.  Archiv.  des  Sciences  de  la  Bibliot^que 
Universelle.  Jan.,  1877.  pp.  13. — The  double  turn  of  the  helix 
in  attached  tendrils  excited  the  author's  attention,  but  he  finds,  as 

AM.  JoDB.  Sot.— Thibd  Sbbibb,  Vol.  Xin,  No.  77.— Mat,  1877. 
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would  be  expected,  that  this  is  a  purely  mechanical  result  and  a 
necessity  of  toe  situation.  He  neatly  demonstrates  this,  by  allow- 
ing a  tendril  to  seize  by  its  free  tip  some  solid  object  suspended 
from  a  thready  the  torsiop  which  takes  the  place  of  the  inverse 
turns  of  the  coil  in  the  ordinary  situation.  The  lower  side  of  the 
tendril  is  always  interior  in  the  coil.  This  comes  from  the 
arrangement  of  its  fibrous  bundles,  which  form  a  circle  only  at 
the  base  of  the  tendril,  but  above  this  only  an  arc,  open  on  the 
upper  side;  this  upper  cellular  portion  is  accordingly  more 
affected  by  turgescence  and  can  grow  longer  than  the  lower. 
Tendrils  which  remain  free  are  less  vigorous  than  those  which 
gain  attachment ;  vigor,  as  well  as  increased  growth  in  thickness, 
IS  developed  by  use.  The  difference  in  the  direction  of  the  coil- 
ing, whether  Irom  right  to  left  or  left  to  right  (or  as  we  should 
like  to  say,  whether  eutropic  or  antitropic)  does  not  depend  upon 
anything  in  their  anatomical  structure,  but  appears  to  oe  in  some 
way  determined  by  the  plant.  A  series  of  experiments  with  de- 
tached tendrils  floated  on  water,  or  with  the  cut  end  immersed, 
and  with  tendrils  divided  into  pieces  (which  preserve  their  vital- 
ity and  continue  their  action)  show  this ;  when  fixed  by  one  end 
and  free  at  the  other,  or  at  least  when  fixed  by  the  summit  only, 
they  coil  nearly  as  often  in  one  direction  as  the  other.  The 
elongation  of  the  different  portions  of  a  tendril  ceases  first  at  the 
base  ;  it  regularly  augments  from  base  to  apex.  a.  g. 

3.  DcUe  of  the  parts  of  EUlotfs  Botany, — Referring  to  our 
note  in  the  January  No.  of  this  Journal,- it  is  worth  recording 
that  the  first  fasciculus  actually  ended,  as  was  supposed,  on  p.  96. 
No.  5  consisted  of  pages  401  to  496,  and  bears  the  date  of  1817. 
No.  6  contained  pages  497  to  606,  and  is  dated  1821.  This  in- 
formation is  obtained  from  the  inspection  of  copies  of  those  parts 
in  their  original  state,  and  is  obligingly  supplied  by  Mr.  F*  B. 
Dexter,  of  the  Yale  College  Library.  a.  g. 

4.  (Jnion-Smut^  by  Prof.  W.  G.  Farlow. — A  pamphlet  of  16 
pages,  with  a  plate,  extracted  from  the  24th  Annual  Report  of  the 
Secretary  of  the  Massachusetts  State  Board  of  Agriculture,  Bos- 
ton, 1877. — The  smut  in  question  is  as  yet  unknown  out  of  New 
England,  and  there  it  has  not  long  been  known ;  but  of  late  it 
has  done  much  damage  to  the  onion-crop  at  Wethersfield,  Conn., 
and  in  Essex  Co.,  Mass.  The  fungus  proves  to  be  a  peculiar  spe- 
cies of  the  Ustllagineoe^  to  which  that  of  Indian  Cora  ( Ustilaao 
Mayidis)  and  of  Kye,  etc.,  belong.  This  onion-smut  is  most  like 
that  of  Rye,  Urocyatie  occvlta^  and  a  figure  of  an  affected  rye-stalk 
is  given  in  this  paper  along  with  that  of  the  onion.  The  fungus 
of  the  latter  was  named,  by  Mr.  Frost  of  Brattleboro,  Urocystia 
CepulcB;  but  it  is  now  for  the  first  time  described  and  illustrated 
by  Prof.  Farlow.  The  subject  had,  however,  been  taken  up  by 
"  the  microscopist  of  the  Agricultural  Department  at  Washington," 
in  the  Report  of  1872;  but  Prof.  Farlow  intimates — what  we 
should  have  expected — that  the  account  and  figures  there  given 
throw  no  light  upon  the  matter.  The  remedy  suggested  is  to  bum 
over  the  fields  wnere  the  smut  has  appeared,  and  not  to  raise  onions 
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upon  it  again  for  three  or  four  years  at  least.  The  smut  is  thought 
unlikely  to  be  conveyed  or  introduced  with  onion-seed.         a.  g. 

5.  BotaaiccU  I/iatrucHofi  at  Harvard  University, — In  the 
course  of  summer  instruction  in  science  for  1877  (which  com- 
mences July  6)  both  botanical  courses  are  to  be  given  at 
Cambridge.  Formerly,  while  Pro£  Goodale's  instruction  in 
Phsenogamic  Botany  was  given  at  the  Botanic  Garden,  that  on 
Cryptogamic  Botany,  by  Prof.  Farlow,  was  given  at  the  sea-side. 
This  is  now  to  be  given  at  Cambridge,  whence  collecting  excur- 
sionn  can  readily  be  made  to  good  points  on  the  shore.  As  it 
may  be  useful  to  call  particular  attention  to  this  unique  oppor- 
tunity of  obtaining  a  knowledge  of  the  lower  Cryptogamia,  we 
copy  the  portion  of  the  general  circular  which  relates  to  Prof. 
Farlow's  course.  Prof.  Goodale's  course  on  Phseno^amic  Botany 
is  already  well  known.  But  those  who  seek  information  respecting 
it  should  apply  for  the  circular  issued  by  the  University. 

"  Cryptogamic  Botany,  The  course  will  begin  on  Friday 
morning,  July  6th,  and  continue  six  weeks.  Microscopes  and  au 
necessary  equipments  are  provided  by  the  University,  but  stu- 
dents are  expected  to  bring  sharp  razors,  razor  strops,  dissecting 
needles,  slides,  and  covering-glasses.  No  provision,  however,  is 
made  for  drying  and  preparing  specimens  other  than  microscopic. 
A  knowledge  of  the  rudiments  of  Ph»nogamic  Botany  is  required 
of  those  taking  this  course,  or  in  case  of  those  wishing  to  pursue 
the  subject  in  connection  with  Zoological  studies,  a  practical  ac- 
quaintance with  the  working  of  the  compound  microscope.  A 
general  course  of  lectures  will  be  given  upon  the  Bti*ucture  and 
development  of  Thallogens,  and  on  one  day  of  the  week  an  excuiv 
sion  will  be  made  either  into  the  country  or  to  the  sea-shore. 

Laboratory  instruction  will  be  given  every  day  except  Satur- 
day, and  the  method  of  examining  Fungi  and  Algse  and  the  man- 
ner of  making  microscopic  preparations  will  be  taught.  Illustra- 
tions of  the  structure,  and,  as  lUr  as  time  will  allow,  of  the 
development  of  the  principal  orders  of  Fungi  and  Algse  will  be 
afforded  each  student,  and  an  opportunity  will  be  given  to  become 
familiar  with  the  more  common  moulds,  blights,  and  with  a  few 
agarics.  Students  who  have  attended  a  previous  course  can  pur- 
sue more  in  detail  any  branch  of  the  subject  they  may  prefer. 
Under  certain  restrictions,  students  may  consult  the  extensive 
cryptogamic  collections  and  library  of  the  University." 

VV^e  believe  that  the  announcement  may  now  be  made  thatProfc 
Farlow's  instruction  in  Cryptogamic  Botany  in  the  University 
proper,  will  hereafter  be  given  at  Cambridge,  instead  of  at  the 
Bussey  Institution  at  Jamaica  Plain,  a  change  greatly  to  the 
convenience  and  advantage  of  the  students  which  this  important 
course  of  study  is  likely  to  attract.  Dr.  Farlow  was  a  pupil  of 
De^Bary  and  of  the  late  M.  Thuret  With  the  facilities  now 
afforded,  he  should  establish  the  school  of  Crj'ptogamic  Botany 
in  this  country  which  has  long  been  needed. 

At  the  Bussey  Institution  it  is  expected  that  a  very  full  elemen- 
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tary  course  of  instruction  on  J^otany  and  Vegetable  Physiologjr,  in 
relation  to  rural  affairs,  horticulture,  agriculture,  etc.,  will  be  given 
throughout  the  year,  by  lectures  and  laboratory-teaching.  This 
course  will  be  conducted  by  Profs.  Goodale,  Farlow,  and  others. 

6.  Clctssification  and  Terminology  in  Monocotyledons,  by 
George  Bentham. — A  paper  of  30  pages,  and  with  three  plates, 
closing  the  15th  volume  of  the  Journal  of  the  Linnean  Society, 
1877.  An  arrangement  of  the  orders  is  sketched,  which,  being 
employed  in  the  Flora  Australie/tsis,  will  doubtless  be  adopted  in 
the  new  Genera  Plantarum,  unless  in  the  mean  while  reason 
appears  for  modifying  it.  They  are  grouped  in  four  alliances,  or 
cohorts,  beginning  with  those  bearine:  the  most  complete  and  dif- 
ferentiated flowers,  thus :  Alliance  1,  Epigyn^,  with  inferior  ovary 
and  mostly  biseriate  perianth.  The  four  sections  are  based  npon 
habit  and  the  seeds,  in  which  rather  more  than  usual  rests  upon 
the  presence  or  absence  of  albumen.  Hydrocharideoe^  aquatic 
plants,  with  regular  flowers  and  exalbuminous  seeds,  begin  the 
series.  The  Scitatnin^ce^  which  follow,  by  an  awkward  misprint 
or  slip,  are  said  to  have  6a;-albuminouB  seeds.  As  they  reallv 
accord  in  this  regard  with  the  fourth  and  larger  section  which 
begins  with  the  Iridece  and  ends  with  the  BromeliacecB^  they 
might  as  well  be  placed  after  the  third  section,  which  consists  of 
the  OrchidecB  and  Burmanniacece, 

Alliance  2,  Cokonari^,  with  superior  mostly  syncarpous  ovary, 
albuminous  seeds  and  mostly  biseriate  perianth.  Its  tirst  section, 
with  perianth  of  both  series  petaloid  [a  character  not  without 
exception],  consists  of  the  Liliacem  and  their  allies,  down  to  the 
Pontedenaceoe,  In  the  list  of  suborders  of  Liliacece  "  AgaveiB" 
has  by  accident  been  printed  instead  of  Aloinece.  A  second  group 
has  the  outer  perianth  calycine  or  none,  and  the  inner  petaloid ; 
PhilydracecB,  Xyridem^  (JommeXynacem  (but  not  Trillium).  The 
third  group  has  perianth  of  both  series  calycine,  and  includes  the 
Juncem  and  Palmce, 

Alliance  3,  Nudiflor^,  with  free  ovary  apocarpous,  monocar- 
pellary,  or  rarely  syncai*pous ;  the  perianth  either  none  or  reduced 
to  a  scale  under  each  anther.  Alismacece  are  exceptional ;  but 
their  association  with  Aroidece  and  Naiadacem  seems  natural 

Alliance  4,  Glumales,  contains  two  groups ;  the  first  with  ovary 
often  more  than  one-celled,  and  ovule  pendulous ;  JEHocauloneij 
CentrolepidecBy  Bestiaceoe.  The  second,  with  one-celled  ovary  and 
erect  ovule,  Cyperacece,  Oramineoe.  The  schedule  is  followed 
by  a  series  of  critical  remarks  and  explanations. 

The  homology  of  the  parts  of  the  blossom  in  Xyris  is  reviewed, 
and  better  interpreted ;  the  two  outer  so-called  perianth-seg- 
ments are  shown  to  be  bractlets ;  what  was  taken  for  a  third  seg- 
ment, within  the  two  outer,  is  shown  to  be  the  representative  of 
the  whole  exterior  perianth,  mostly  caducous;  as  to  the  remain- 
ingor  tubular  perianth  no  conflict  has  arisen. 

The  chief  interest  of  the  latter  part  of  this  paper  is  found  in  the  ex- 
position of  the  homology  and  terminology  of  glumes,  etc.,  in  Cype- 
racecB  and  OraminecBy — a  just  account  of  which  can  hardly  be  given 
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in  a  brief  abstract.  Mr.  Bentham  prefers  to  use  the  term  glume 
in  CyperacecB  as  well  as  in  Grasses.  While  highly  approving  the 
systematic  labors  of  Boeckeler,  of  Berlin,  in  the  former  order,  he 
criticises  some  parts  of  his  terminology  and  morphology.  Mr. 
Bentham's  own  conclusions  correspond  with  those  adopted  in  this 
country  as  to  the  structure  in  Cyperaecce,  As  to  Graminece  our 
prepossessions  were  all  in  favor  of  Robert  Brown's  view,  adopted 
Dy  Kunth  and  most  agrostologists,  so  that  little  attention  was 
paid  to  the  view  proposed  in  our  author's  Handbook  of  the  Brit- 
ish Flora.  We  have  not  room  here  to  exhibit  the  proposed  view 
and  the  aptly-stated  reasons  for  its  adoption.  Suffice  it  to  say  that 
we  are  convinced  by  the  latter,  and  that  the  adoption  of  this  view 
will  simplify  the  study  of  Grasses,  and  bring  the  homology  of  the 
gramineous  spikelet  into  full  accordance  with  that  of  Cyperacece  and 
•other  orders.  The  exposition  given  is  certainly  well  calculated 
"  to  enforce  a  principle  generally  admitted,  but  unfortunately  too 
much  neglected  by  speculative  botanists,  viz:  that  to  be  really 
useful,  descriptions  should,  in  clear  and  intelligible  language,  not 
only  enable  the  reader  to  identify  the  plant  he  has  in  hand,  but 
call  his  attention  specially  to  those  characters  which  may  indicate 
its  real  affinities,  the  homologies  of  its  parts,  and  any  other  rela- 
tions they  may  have.  But  for  this  purpose  it  is  necessary  that 
the  author  should  distinguish  descriptions  of  plants  from  theoreti- 
cal explanations,  that  he  should,  in  terms  the  most  capable  of 
strict  .definition,  describe  only  what  the  observer  may  actually  see, 
not  what  it  may  be  theoretically  imagined  he  ought  to  see,  reserv- 
ing his  theories  for  comments  upon  what  has  actually  been 
observed."  a.  g. 

7.  T/ie  Various  Contrivances  by  which  Orchids  are  fertilized  by 
Insects;  by  Charles  Darwin.  Second  edition.  New  York. — 
The  first  edition  of  this  interesting  work,  which  appeared  in  1862, 
was  reviewed  at  that  time  in  this  Journal,  and  served  as  the  basis 
upon  which  to  display  the  curious  adaptations  of  some  of  our 
North  American  Orchises.  This  second  edition,  to  which  much 
is  added,  has  been  reprinted  by  D.  Appleton  &  Co.  of  New  York, 
and  so  our  botanists  will  soon  be  familiar  with  it.  In  a  future 
number  we  propose  to  give  some  account  of  the  volume,  along 
with  a  forthcoming  one  upon  a  cognate  subject  by  the  same 
author.  a.  g. 

IV.  Astronomy. 

1.  The  Nein  Star  in  Cygnus. — A  remarkable  stellar  outburst, 
similar  to  that  which  appeared  in  Corona  Borealis  in  May,  1866, 
was  fii-st  noticed  by  Dr.  Schmidt,  at  Athens,  on  the  24th  of  No- 
vember last,  at  6.41  p.  m.,  in  the  constellation  Cygnus^  then  near 
the  zenith.  The  new  star,  when  first  observed,  was  of  the  third ' 
magnitude,  and  of  a  yellow  color,  near  p  Cygni^  where  Dr. 
Schmidt  is  sure  that  no  corresponding  object  existed  on  the  even- 
ing of  November  20.  The  sky  was  overcast  at  Athens  on  the 
three  following  days,  and  most  probably  the  outburst  appeared  at 
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its  fiill  brilliancy  in  the  interval  between  November  20  and  24. 
At  midnight  on  the  latter  day  the  light  of  the  star  was  of  greater 
intensity  than  that  of  ?;  Pegani^  noted  of  the  third  magnitude  by 
Argelander.  Its  position  does  not  appear  to  be  recorded  in  the 
usual  catalogues  of  small  stars ;  certainly  not  in  those  of  Lalande, 
Weisse's  Bessel,  Bode,  D'Agelet,  or  in  the  Durchmustenuig  of 
Argelander.  From  an  observation  made  by  Mr.  Hind  at  Mr. 
Bishop's  Observatory  on  December  13,  its  R.A.  for  1870-0  is  iV" 
36"  50«-41,  and  its  W.P.D.  47**  43'  2l"-6. 

Unfortunately,  Dr.  Schmidt's  discovery  was  not  immediately 
communicated  to  the  Astronomer-Royal  or  to  any  other  English 
astronomer,  although  a  telegram  was  sent  to  Dr.  Littrow,  at 
Vienna,  and  probably  to  other  Continental  observers.  The  first 
information  of  the  sudden  appearance  of  the  new  star  was  received 
in  England  only  in  the  second  week  in  December,  from  the 
public  notices  inserted  in  the  Bulletin  International  and  Comptes 
Kendus.  This  neglect  is  much  to  be  regretted,  as  there  were 
eight  favorable  evenings  at  Greenwich  before  December  9,  when 
spectroscopic  observations  might  have  been  successfullv  made, 
and  of  these  at  least  two  were  near  the  time  of  the  star's  maxi- 
mum brilliancy.  Principally  for  this  reason,  but  also  in  conse- 
quence of  almost  continuous  unfavorable  weather  afterward,  very 
few  observations  of  the  star  have  been  made  in  this  country. 
When  seen  by  Mr.  Hind  on  December  13,  it  had  receded  to  the 
sixth  paagnitude,  and  was  without  a  trace  of  color.  The  observers 
in  Paris  were  more  ibrtunate  in  obtaining  information,  for  the  star 
was  examined  on  December  2,  daring  a  brief  interval  of  clear  sky, 
by  MM.  Henry,  Comu,  and  Cazin,  and  estimated  of  the  fifth  mag- 
nitude. Under  more  favorable  circumstances,  on  December  4,  M. 
Comu  made  some  satisfactory  observations  of  the  spectrum  of  the 
star  with  the  eastern  equatoreal  of  the  Paris  Observatory,  the 
ma^itude  on  that  day  being  estimated  at  4*6.  The  spectrum  ex- 
hibited eight  detached  bright  lines  on  a  luminous  ground,  with  an 
almost  complete  interruption  of  the  light  between  the  green  and 
the  indigo  M.  Comu  saw  no  dark  lines;  if  they  had  existed  they 
must  have  been  very  fine,  and  invisible  owing  to  the  laintness  of 
the  light. 

Naming  the  bright  lines  according  to  their  intensity  by  the 
Greek  letters  a  to  ?,  their  positions  in  the  spectrum,  in  relation  to 
those  of  certain  elements,  may  be  readily  seen  from  the  numbers 
in  the  following  table  determined  by  M.  Uornu : — 

a  6  y  p  ^  ff  e  e 

Observed 661  588        631         617         500        483        461         436 

Hydrogen 656(0) 486(F)  ...        434 

Sodium 589(D)- 

Magnesium ...        517        

(b  mean) 

Ooronalline 632        

Ohromosphere  lines  ...         687        447 

M.  Comu  remarks  as  an  interesting  fact,  but  one  requiring  con- 
firmation, that  there  are  several  coincidences  shown  in  the  preced- 
ing table  which  have  led  him  to  the  conclusion  that  the  bright 
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lines  in  the  star-spectram  correspond  exclusivelv  with  the  princi- 
pal lines  in  that  ot  the  chromosphere,  and  therefore  that  the  lii^ht 
of  the  star  possesses  precisely  the  same  composition  as  that  of  the 
Solar  envelope.  He  says :  "  Bat  the  most  carious  result,  which  I 
give  here  with  much  reserve,  but  which  it  will  he  very  interesting 
afterwards  to  verify,  is  the  coincidence  of  the  line  y^  veir  bright 
in  the  spectrum  of  the  star,  with  the  green  line  A=  5JT2  (1474  of 
Kirchhoff 's  scale),  observed  in  the  spectrum  of  the  Solar  corona 
and  in  the  chromosphere ;  the  feeble  band  0  corresponds  also  with 
a  band  ^^=^M  of  the  chromosphere;  one  is  thus  led  to  think  that 
the  line  C  corresponds  rather  with  the  bris?ht  line  of  the  chromo- 
sphere X  ==  587  (helium),  than  with  that  of  sodium,  689.  If  this 
interpretation  be  correct,  the  bright  lines  of  the  spectrum  of  the 
star  comprehend  exclusively  the  brightest  and  the  most  frequent 
lines  of  the  chromosphere." 

The  spectrum  of  the  star  has  also  been  examined  by  Father 
Secchi,  Dr.  Vogel,  and  others,  all  of  whom  confirm  generally  the 
previous  observations  of  ML  Comu.  Several  bright  lines  were 
seen  by  Dr.  Vogel  in  the  red,  blue-sreen,  and  blue  parts  of  the 
spectrum ;  bright  bands  were  also  visible  in  the  yellow  and  green ; 
but  these  may  possibly  be  portions  of  a  continuous  spectrum  seen 
bright  by  contrast  with  absorption  bands,  of  which  there  were  as 
many  a^  eight  or  ten.  The  blue  and  violet  were  brighter  than  in 
most  stars  with  band  spectra.  The  bright  lines  c,  p,  and  Dj  were 
visible ;  ^,  however,  was  probably  not  seen  bright,  but  a  bright 
line  on  the  blue  side  was  noticed,  which  may  possibly  be  identical 
with  a  line  which  under  peculiar  circumstances  is  the  brightest  in 
the  spectrum  of  hydrocarbon.  One  seen  in  the  violet  may  be  the 
third  line  of  hydrogen.  Dr.  Vogel  remarks  that  there  are  three 
other  stars  in  VygnuB  giving  quite  unique  spectra. 

By  careful  comparisons  with  several  neighboring  stars,  Dr. 
Schmidt  noted  the  gradual  diminution  in  the  intensity  of  the  light 
of  the  star  almost  daily.  The  variations  of  magnitude  are  ex- 
hibited in  the  following  table : — 

November  24    3*0  Map^tude.  December    5    5*9  Magnitude. 

II  U  g        g.5  (I 

ii  ti  9     g.g  li 

u  a  10      6-5  "  • 

u  "11     6-7  *» 

♦i  a  12      6-7  " 

December      1    6-2         "  "13    6-8  " 

"  a  14     6-9  « 

il 

At  the  end  of  the  year  the  star  was  still  about  the  seventh 
magnitude,  and  of  a  decidedly  orange  color,  with  a  reddish  tint. 
■—Monthly  Notices  Astron.  JSoc,^  Feb.,  1 877. 

2.  JPkmets  recently  discovered, — The  names,  orbits,  times  of 
discovery,  and  names  of  discoverers  of  the  minor  planets  found 
since  the  beginning  of  1876,  are  given  in  the  following  table. 
The  orbits  are  from  the  circulars  to  the  Berliner  Jahrbuch. 


25 

3-1 

26 

3-1 

27 

3-2 

28 

3-8 

29 

4-7 

30 

6-0 

1 

6-2 

2 

6-4 

3 

5-6 

4 

5-8 
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Time  of 

Mean 

Angle  of 

^S?5e?' 

Long. 

Wo. 

Name. 

Discovery. 

DlscoTerer. 

Dllt. 

Bccent. 

IncL 

Per? 

158 

GoroniSi 

Jan.  4,    1876 

Knorre 

2*9901 

o 

16 

59 

i 

/ 
23 

282  49 

355  10 

169 

Aemilia, 

Jan.  26,     " 

Paul  Henry. 

31253 

6 

38 

6 

5 

135     6 

100  40 

160 

Una, 

Feb.  20,     " 

Peters. 

2-7542 

3 

39 

3 

32 

12     3 

191    16 

161 

Athor, 

Apr.  16,    »• 

Watson. 

2-3760 

7 

38 

9 

10 

18  33 

312  56 

162 

Laurentia, 

Apr.  21,    '* 

Pros.  Henry. 

3-0211 

9 

31 

6 

3 

38  15 

147  44 

163 

Erigone, 

Apr.  26,    " 

Perrotin. 

2-3507 

8 

34 

4 

41 

159     0 

93  17 

164 

Eva, 

July  12,     " 

Paul  Henry. 

2-55251 18 

42 

24 

48!  77  27 

2  46 

165 

Loreley, 

Aug.  9,      " 

Peters. 

31286,  4 

10 

11 

10 

304     1 

282  24 

166 

Rhodope, 

Aug.  15,    " 

Peters. 

2-719913 

48 

11 

41 

129  15 

30  52 

167 

Urda, 

Aug.  28,    " 

Peters. 

3-2186  18 

)1 

1 

42 

170     7 

32  39 

168 

Sibylla, 

Sept  28,    " 

Watson. 

3-3781 1  3 

61 

4 

35 

209  36 

5  43 

169 

Zelia, 

it        (t 

Pros.  Henry. 

2-3580l  7 

30 

5 

31 

354  35 

326  35 

ITO 

Jan.  10,  1877. 

Perrotin. 

2-55lO|  3 

44 

14 

21 

301   18 

98  37 

171 

Jan.  13,     '^ 

Borrelly. 

31472    8 

8 

2 

30 

100  54 

151  21 

172 

Feb.  5,       »» 

Borrelly. 

2  37961  5 

46 

9 

41 

331  48 

326  17 

To  the  planet  (150)  the  name  Nuwa  has  been  given.  The  ob- 
servatioiiB  of  (149)  Medusce  and  (165)  JScylla  were  not  such  as  to 
furnish  reliable  elements  of  their  orbits. 

To  the  planets  recently  discovered  might  be  added  the  two 
rediscovered  by  Palissa,  viz:  (66)  Maia,^{Sept*,  1876,)  not  seen 
before  since  1861,  the  time  of  its  discovery  by  Tattle,  and  (107) 
Canfilla^  {MB,rchy  1877,) /lot  seen  before  since  1868,  when  dis- 
covered by  Pogson.  Of  the  first  140  planets  between  Mars  and 
Japiter,  the  following  have  been  seen  ^nly  at  the  opposition  near 
the  time  of  discovery,  viz:  (90)  J}ikey'{i2b)  Liheratrix,  (182) 
Aethray  (137)  Melihoca  and  (139)  Jtiewa.  The  following  nave 
been  observed  at  one  opposition  subsequent  to  the  time  of  dis 
covery,  viz:  (66)  Mala,  (104)  Clt/meney  (107)  Camilla,  (123) 
BruhhUila,  (131)  VcUa,  (133)  Cyrene,  (134)  Sophrast/ne,  and 
(135)  Hertha.  Seven  others  of  the  140  have  been  observed  at 
two  oppositions  subsequent  to  that  of  discovery,  and  120  at  four 
or  more  oppositions  including  that  of  discovery.  h.  a.  n. 

8.  PubliccUions  of  the  Private  Observatory  of  Lord  Lindsay^ 
Dun  Echt  (Aberdeeft). — VoL  i,  of  this  series  has  just  been  issued 
in  quarto  form.  It  is  privately  (and  extremely  well)  printed  and 
has  been  liberal! v  distributed  to  astronomers  in  Eutope  and 
America.  Its  title  page  well  describes  its  contents: — "A  Sum- 
mary or  index  of  the  measurements  (of  double  stars)  in  the  '  stel- 
larum  duplicium  et  multiplicium  mensuree  micrometricae,'  F.  G.  W. 
Struve,  1837,  and  *  Additamentum  in  F.  G.  W.  Struve  mensuras 
micrometricas  stellarum  duplicium'  (1837),  including  all  the  stars 
in  the  '  Synopsis  observationura  de  stellis  duplicibus,  in  specula 
Dorpatensi,  annis  a  1814  ad  1824,  per  instrumenta  minora  per- 
fectum'  and  in  the  '11.  mensur©  micrometricie' — re&rranged  in 
order  of  R.  A.,  and  the  positions  brought  up  to  1875." 

Each  page  contains  thirteen  columns  and  everything  relating  to 
each  star  is  found  in  its  horizontal  line  or  in  a  foot  note.  Column 
1   contains  Struve's  number,  colunm   2  the  page  in  Mens,  Mic. 
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where  the  star  is  to  be  found,  column  3  the  eynonyms,  columns  4 
and  6  the  R.  A.  and  d  for  1875"0.  column  6  the  lowest  and  highest 
magnifying  powers  used  by  Struve,  column  7  the  mean  date  of 
observation,  columns  8  and  9  Struve's  distance  and  position  angle, 
columns  10  and  11  give  the  magnitude  and  color  of  the  principal 
component  A,  columns  12  and  13  the  same  data  for  B.  Ap- 
pended is  a  table  of  the  precessions  in  declination  for  ten  years 
and  a  diagram  from  which  the  variable  part  of  the  precession  in 
R.  A.  for  ten  years  in  minutes  of  time  can  be  taken  by  inspection. 
Double  star  observers  will  find  this  a  most  useful  and  valuable 
work.  E.  8.  H. 

4.  La  Luce  Zodiacale,  sue  Legale  Teoria  Vosmico-Atmosfer' 
ieuy  dedotte  dalle  Osservazione  di  &,  Jones,  per  il  P.  A.  Serpieei, 
D.  S.  P.,  Direttore  dell'  Osservatorio  Meteorologico  di  Urbino, 
Palermo,  1876.  4to,  pp.  vi,  1 13,  with  4  plates. — This  is  a  reprint, 
from  the  Journal  of  the  Italian  Spectroscopists,  of  an  elaborate 
memoir  chiefly  founded  upon  the  oDservations  of  the  Rev.  George 
Jones,  of  the  U.  S.  Navy,  but  with  the  use  of  many  observations 
derived  from  other  sources.  The  author,  rejecting  the  now  com- 
moidy  received  theory  of  the  Zodiacal  Light,  which  attributes  its 
luminosity  to  sunlight  reflected  from  innumerable  small  meteoric 
bodies,  comes  to  the  conclusion  that  it  is  a  purely  terrestrial  phe- 
nomenon, in  the  nature  of  an  aurora,  differing  from  the  polar 
auroras  merely  in  its  having  a  particular  fixed  position  and  by  its 

•  permanence.  He  suppoi-ts  this  conclusion  by  a  variety  of  argu- 
ments, prominent  among  which  is  the  supposed  occurrence  of  the 
auroral  line  in  the  zodiacal  spectrum,  as  reported  by  a  number  of 
observers,  and  he  considers  the  continuous  spectrum  seen  by 
many  other  observers  as  a  thing  of  mere  occasional  and  fortuitous 
nature.  Now,  in  point  of  fact,  no  one  making  systematic  and 
continuous,  observations  for  a  length  of  time  has  always  found  the 
auroral  line  present,  and  the  assumption  of  its  presence  in  the 
spectrum  of  the  zodiacal  light  rests  chiefly  on  a  few  isolated 
instances,  while  on  the  other  hand  a  continuous  spectrum  is 
always  visible.  Again  he  regards  the  polarization  of  the  light, 
determined  by  careful  observations  of  at  least  two  persons  con- 
tinued for  a  considerable  period  of  time,  as  an  accidental  circum- 
stance, and  not  as  a  permanent  characteristic.  The  admission  of 
the  reality  of  this  and  the  continuous  spectrum  would  be  fatal  to 
the  auroral  theory,  which  even  otherwise  finds  few  supporters. 
Although  the  author's  conclusions  may  be  questioned  with  good 
reason,  the  volume  is  a  valuable  contribution  to  the  literature  of 
the  zodiacal  light,  bringing  together  as  it  does  many  excellent 
observations,  and  containing  interesting  particulars  respecting  the 
physical  aspects  of  this  much  discussed  phenomenon,     a.  w.  w. 

5.  Comets  in  1877. — There  have  been  thus  far  this  year  three 
new  comets  discovered,  a  decided  contrast  to  the  barrenness  in 
discoveries  of  the  last  four  years. 

(1.)  Borrelly  at  Marseilles  found  a  telescopic  comet  Feb.  8th,  in 
Ophiuchus.  Approximate  elements  are,  7r=174°  85',  Q  =  187°  20', 
i=163°  2',  log  q=9-907l2. 
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(2.)  liorrelly  discovered  a  second  comet  about  the  6th  of  April. 

(3.)  Mr.  Lewis  Swift  at  Rochester,  discovered  on  the  evening 
of  the  11th  of  April,  a  very  faint  comet  in  the  head  of  (Cassiopeia. 
The  discovery  was  telegraphed  the  same  evening  to  Professor 
Henry  and  to  the  Associated  Press,  but  for  some  reason  notice 
seems  not  to  have  been  sent  to  Europe.  This  enabled  Borrelly  on 
the  14th  to  announce  his  later  discovery  of  the  same  comet. 

6.  ObservcUions  of  Comets  ISlIb,  and  1877c.  at  the  Observch 
tory  of  the  Sheffield  Set,  School^  made  by  W.  Bebbe,  H.  A. 
Hazen,  and  T.  A.  Smith.— Comet  1877ft.  was  observed  here  "at 
the  dates  given  below.  At  first  it  seemed  a  round  nebulous  mass, 
about  5'  in  diameter,  at  first  slio^htly  but  later  more  plainly  con- 
densed at  the  center,  clearlv  defined  on  the  side  toward  the  sun, 
and  fading  very  gradually  m  the  opposite  direction,  though  with- 
out any  elongation  that  could  be  properly  called  a  tail.  But  on 
the  21st,  after  a  period  of  cloudy  weather,  the  comet  had  become 
much  brighter,  with  a  well-defined  nucleus.  Two  tails  were  also 
visible,  one  extending  nearly  west  along  a  circle  of  declination 
about  20',  and  one  southwest  making  with  the  first  an  angle  of 
about  60°,  the  whole  forming  a  kind  of  fan-shaped  tail.  The  fol- 
lowing observations  were  made  with  a  ring  micrometer  con- 
structed by  Professor  Lyman.  It  differs  from  the  usual  form  in 
that  it  consists  of  four  concentric  rings,  the  largest  about  a  degree, 
the  smallest  about  8',  in  diameter.  By  this  arrangement  any  or 
all  of  the  8  circles  can  be  used  for  comparisofts,  and  selections  may  * 
be  made  for  the  best  observations,  whether  for  K.  A.  or  dec. 
Power=60.  In  absence  of  a  chronograph,  or  of  a  clock  in  the 
tower,  an  assistant  noted  time  from  a  portable  chronometer.  The 
names  of  the  first  three  comparison  stars  are  uncertain. 
New  Haven  m.  t  (C— S),  Aa  (C— S),  AcJ       Comp.  star.  Na  Comp. 

h    m     8  m        8  ,       , 

April  7,     16  18  38  +2  17*86  —17  19-16        43397  LL.  11 

9,     16  46  31  +6  36*97  —18  62*90        43247  LL.  14 

11,  16  26     6  +4  12*09  43417  LL.  12 

12,  14  41  10  -8  8-89  -  9  4*26  43890  LL.  6 
12,  15  26  8  —8  8*92  -12  44*90  43891  LL.  13 
15,     6  54*50              -.         ..         -44026  LL.             6 

Swift's  comet  ^1877c.)  was  seen  here  on  the  evening  of  the  12th, 
and  the  observation  then  made  is  perhaps  the  earliest  exact  meas- 
urement of  its  place.  The  comet  appeared  to  be  a  £Etint  elongated 
bit  of  haze  less  than  1'  broad  and  was  5'  or  6'  long.  With  powers 
of  40  to  200  (object-glass  =  8f  in.)  no  trace  of  nucleus  was  seen 
or  other  distinguishing  mark.  The  comet  passed  centrally  over  a 
10  mag.  star,  which  at  first  was  taken  for  a  nucleus.  The  place  of 
this  star  was  taken  as  that  of  the  comet.  The  comet  was  again 
seen  on  the  22d  of  April 

New  Haven  m.  t  (C— S),  Ao.      (6— S),  A<J.  Oomp.  Star.  No.  Comp. 

h    m     8  m      8  ,      , 

April  12         9     2     0-4  43*32         +   7  61*2  a  7 

"         9     2     0         -9  16*18         +11     0*2        1951  LL.  6 

22       15  19  29         +2  4000         —15  46  0  h  6 

App.  place,  Apr.  22,  R.  A.  2»»  28">-5.     Dec+OO*"  18'-6.     w.  a 
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V.  Miscellaneous  Scientific  Intelligence. 

1.  N^otes  on  the  Appearance  and  MignUion  of  the  Locust  in 
Manitoba  and  the  Northwest  Territories^  Summer  of  1875 ;  by 
Georob  M.  Dawson.  18  pp.  8vo.  (From  the  Canadian  Nat- 
oralist.) — Mr.  Dawson  states  that  in  1875  the  hatching  of  the 
locusts  in  Manitoba  began  in  favorable  places  May  7th,  and  be- 
came general  May  1 5th.  The  most  northern  locaUty  was  Mani- 
toba Lake,  in  latitude  51 "".  The  movement  began  in  July,  and 
was  most  general  during  the  latter  half  of  the  month  and  first  of 
August;  and  the  direction  was  southeast  or  south,  the  insects 
apparently  using,  by  instinct,  the  winds  that  favored  their  pur- 
pose. Many  were  carried  into  a  country  of  thick  woods,  where 
they  did  little  harm,  and  few  reached  Minnesota.  Others  passed 
over  Crookston,  Polk  County,  Minnesota,  and  Fort  Totten,  Da- 
kota; and  probablv  the  Sioux  City  locusts,  mentioned  by  Mr. 
C.  V.  Riley,  came  from  Manitoba. 

Other  swarms  of  locusts  came  from  the  south  across  the  49th 
parallel,  with  a  wide  front  stretching  from  the  98th  to  the  108th 
meridian,  which  differed  from  the  natives  of  Manitoba,  inasmuch 
as  they  arrived  before  the  latter  were  mature.  These  were  "  the 
extreme  northern  part  of  the  army  returning,  going  northward 
and  northwestward,  from  the  States  ravaged  in  the  autumn  of 
1874."  They  appeared  at  Fort  Ellice  on  the  13th  of  June,  and  at 
Qu'apelle  Fort  on  the  17th  ;  about  Swan  Lake  House,  their  most 
northern  point,  July  10th.  Fort  Pelly,  farther  west,  and  nearly  a 
degree  farther  south  was  reached  July  20th.  About  seven  days 
were  occupied  in  the  journey  from  the  latter  place  to  Swan  River 
Barracks,  a  distance  of  only  ten  miles. 

Mr.  Dawson  concludes  that  the  planting  of  belts  of  woodland 
would  effect  in  time  a  general  and  permanent  amelioration  of  the 
^^sshopper  plague,  since  they  usually  avoid  such  belts, — their 
mvading  the  forests  in  1875  being  perhaps  due  to  the  insects 
having  **  lost  their  reckoning." 

The  journey  southward  was  regardless  of  the  direction  from 
which  their  parents  had  come  the  preceding  year;  and  those  of 
Nebraska,  Missouri,  Kansas  and  Texas,  fiew  northward  and  north- 
westward, returning  on  the  course  of  their  parents  which  had 
flown  southeastward  from  that  quarter ;  and  this  movement  ex- 
tended over  an  immense  area  from  the  northern  borders  of  Texas 
almost  to  the  Saskatchewan  River.  The  normal  direction  of 
flight  is  toward  the  hatching  grounds  of  their  parents,  so  that  two 
years  seem  to  be  required  to  complete  the  migration  cycle.  The 
fact  that  the  young,  while  amenable  to  the  migratory  tendency, 
show  a  determination  to  exercise  it  in  a  direction  exactly  the 
opposite  of  the  preceding  generation  is  most  remarkable. 

As  to  prevention,  the  methods  proposed  are  the  cultivation  and 
preservation  of  forest  trees;  the  protection  of  the  prairie  grass 
until  the  appropriate  time  for  destroying  the  young  insects  in  the 
hatching  grounds  by  fire ;  the  protection  of  insect-eating  birds. 
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2.  The  Telephone.  —  \y\xT\\\^  the  month  of  April,  "telephonic 
concerts,"  at  which  large  audiences  were  present  were  given  in 
Boston  and  Washinjgfton,  through  musical  instruments  played  in 
Philadelphia.  At  botk,  the  music,  although  rather  feeble  in  tone, 
was  distinctly  heard  by  the  audience  in  all  parts  of  the  hall.  At 
the  Washington  concert,  April  9th,  eight  airs,  commencing  with 
"  Home,  Sweet  Horae,"  were  listened  to  "  with  profound  attention, 
and  the  conclusion  of  each  tune  was  enthusiastically  applauded. 
The  intonations  were  remarkably  clear  and  perfect,  exciting  addi 
tional  wonder  and  astonishment."  Professor  Gray  stated  tbe  new 
fact  that  the  music  (or  electric  waves  of  sound)  was  also  conveyed, 
by  induction,  along  other  parallel  telegraphic  wires,  attached  to 
the  same  poles— a  fact  observed  in  the  Washington  office  of  the 
New  York  Associated  Press,  where  a  number  of  the  tunes  played 
in  Philadelphia  were  distinctly  heard  on  a  "  relay"  used  in  the 
office,  which  had  no  connection  whatever  with  the  wire  that  was 
attached  to  the  telephone.  The  tones  thus  conveyed,  although 
not  loud,  were  distinctly  heard  at  a  distance  of  several  yards  from 
the  instrument. —iV.  York  THmes  of  April  10. 

3.  Scie/ftijic  Expedition  to  the  Rocky  Mountain  Region  from 
Williams  College, — A  party,  limited  to  about  fifteen  in  number, 
under  Prof.  Sanborn  Tenney  of  Williams  College,  will  start  for 
Colorado,  Southern  Wyoming  and  Utah,  immediately  after  the  close 
of  the  college  year,  and  return  about  the  1st  of  September.  Ex- 
plorations will  be  carried  on,  and  collections  made  in  all  depaiir 
ments.  It  is  expected  that  there  will  be  instructors  in  different 
departments.  Prof.  Tenney  was  over  the  region  three  or  four 
years  since. 

4.  Scientific  Expedition  and  Summer  School  of  Butler  Uni- 
versity^ Irvington,  Indiana, — ^This  expedition  leaves  Indianapolis 
and  St.  Louis  about  June  20th ;  ana  will  go  from  there  by  rail- 
road to  the  Iron  Mountain  region  and  through  Arkansas,  to  Dal- 
las, Texas,  stopping  wherever  there  are  objects  of  interest  to  be 
seen  or  collected  in  Greology  and  Natural  Ifistory.  It  will  leave 
Dallas  on  the  return  about  August  1st,  and  reach  Nashville, 
Tenn.,  at  the  time  of  the  meeting  of  the  American  Association. 
Dr.  D.  8.  Jordan,  Prof  I.  A.  Mvers,  Prof  W.  R.  Dudley,  Mr.  E. 
R.  Copeland  and  Mr.  C.  H.  Gilbert  are  the  instructors  to  accom 
pany  the  expedition.  Tuition  S26.00  to  be  paid  before  starting. 
Each  person  will  pay  his  own  expenses  and  nave  his  own  collec- 
tions. Probable  expense  of  railroad  fare  to  Dallas  and  return, 
850  to  $65 ;  board  seven  weeks  about  i^Sb.  "  Lady  students  will 
be  received  if  five  or  more  make  application."  Applications 
should  be  made  to  Prof.  John  A.  Myers,  Irvingtou  (near  Indian- 
apolis), Indiana. 

5.  Report  of  the  Chief  of  Engineers  to  the  Secretary  of  War^ 
for  the  year   1876.     In  three  Parts,  making  three  thick  volumes 

8vo,  with  many  maps  and  plates.  Washington,.  1876. — Besides 
the  details  with  regard  to  the  surveys  and  improvements  in  riv- 
ers, harbors  and  lakes  carried  on,  in  the  various  States,  the  Report 
contains  much  of  scientific  interest     The  report  of  General  Q.  A. 
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GiLMOKE  on  the  Channel  of  the  Entrance  to  Cumberland  Sound 
discussi^a  the  formation  and  growth  of  bars.  It  states  that  the 
bar  (Femandina  bar)  at  the  entrance  to  this  Sound,  is  seven  miles 
long,  and  is  made  and  changed  from  time  to  time,  through  the 
combined  action  oi  the  winds  and  waves,  and  not  by  the  sedi- 
ment of  the  discharging  streams;  that  it  is  a  combination  of  a 
drift'hnr  (formed  by  dnflings  of  sands  along  the  shores  through 
wind-made  currents),  and  a  wave^bar  (made  by  the  waves),  and  is 
not  a  delta-bar  (or  one  largely  due  to  river  detritus). 

Lieutenant  SairrH  reports  on  the  practicability  of  a  Canal  across 
Florida,  with  reference  to  a  reservoir  on  the  summit-level.  He 
calculates,  from  the  mean  temperature  of  Florida  (about  70®)  and 
the  dewpoint  (56°),  by  using  Dalton's  law,  that  the  loss  of  water 
by  evaporation  would  be  7"468  inches  per  month.  In  connection, 
he  cites  the  fact  that  at  London  the  loss  per  month  is  about  6  in. 
(Dr.  Halley);  at  IMontmorenci,  France  (Mr.  Cotte),  6-3 15  in.  for 
an  ordinary  summer  month;  at  Languedoc  Canal,  5 '33  in.  (Mr. 
Pinn) ;  at  Baltimore,  6*72  in.  (J.  J.  Abert) ;  at  Morris  Canal, 
6*375  in.  (Board  of  Engineers).  '^The  loss  from  filtration  is  made 
to  be  about  fourteen  times  that  from  evaporation.  He  calculates 
that  about  one-fourth  of  the  rain-fall  can  be  made  available — one- 
third  being  the  usual  allowance,  in  the  more  northern  States,  and 
40  per  cent  the  result  of  the  experiments  of  Mr.  J.  B.  Jervis  with 
reference  to  the  Chenango  Canal,  New  York. 

In  addition  to  other  sources  of  supply  that  of  water  of  infiltra- 
tion is  considered.  Lieut.  Smith  found,  on  trials,  that  water 
stood  in  shafts  in  the  sandy  soil  up  to  within  five  feet  of  the  surface 
during  the  months  of  July,  August  and  September,  and  into 
November,  except  portions  of  July  and  August,  when  it  was 
about  a  foot  higher ;  that  the  soui-ce  could  be  relied  on  during  the 
three  following  months ;  but  from  then  until  the  rains  begin  in 
June,  the  country  is  too  dry  for  water  from  this  source.  It  is 
finally  concluded  that  the  amount  that  may  be  depended  on  from 
infiltration  is  more  than  half  that  available  from  the  rains,  and 
about  two-thirds  more  than  the  canal  would  require. 

^rhe  Report  contains  also  the  valuable  paper  of  General  War- 
ren, on  the  Fox  and  Wisconsin  Rivers,  noticed  at  page  132  of 
this  volume;  Notes  on  European  Surveys,  compiled  under  the 
direction  of  General  C.  I>.  Comstook,  occupying  90  pages,  giving 
the  organization  of  geological  surveys  as  well  as  topographical, 
and  scales  of  maps,  etc.,  with  plates  showing  style  of  work ;  also, 
the  report  of  Lieut.  Wheeler,  of  the  geographical  surveys  west  of 
the  1.00th  meridian,  a  notice  of  which  is  deferred  to  another  num- 
ber; the  Report  of  Capt.  Ludlow,  already  noticed  on  page  228, 
besides  others. 

6.  Height  of  '*  West  HUls,^^  Long  Island. — We  have  evidence 
that  the  height  given  by  the  Coast  Survey  for  the  **  West  Hills," 
888  feet,  was  based  on  determinations  that  set  aside  entirely  the 
doubt  expressed  on  page  235  of  this  volume. — Eds. 

7.  Strength  and  Determination  of  the  Dimensions  of  Structures 
of  Iron  and  Steel  with  reference  to  the  latest  Investigations.    An 
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Elementary  Appendix  to  all  text-books  upon  iron  and  steel  con- 
straotion ;  by  Dr.  Jacob  J.  Wkyeauoh,  Pro£  Poly  tech.  School  at 
Stuttgart.  Translated  by  A.  Jat  DuBois,  Ph.D.,  Prof.  Civ.  and 
Mech.  Engineering,  Lehigh  University,  Penn.,  with  an  Appendix 
by  R.  H.  Thurston,  A.AI.,  ProU  Mech.  Eug.,  Stevens  Inst 
iWhnol.,  Hoboken,  N.  J.     210  pp.  8vo,  with  four  lithographed 

Elates.  New  York.  1877.  (John  niley  &  Sons,  15  Astor  Place.) — 
h.  Weyrauch's  work  has  special  importance  in  this  bridge-build- 
ing country.  It  treats  of  the  method  of  dimensioning  in  iron  and 
steel  structures,  explains  Wdhler's  important  law,  sets  forth  a  new 
and  improved  method  based  on  formulae  original  with  Prof. 
Launhardt  and  the  author,  and  presents  practical  directions  and 
various  experimental  results,  a  knowledge  of  which  is  essential  to 
safe  construction.  The  translation  was  made  by  Professor  DuHois, 
at  the  request  of  the  author. 

8.  The  Chemist'' B  Manual:  A  practical  Treatise  on  Chemistry^ 
Qualitative  and  Quantitative  analysis^  Stcechiometry^  Blowpipe 
Analysis^  Mineralogy^  Assaying^  Toxicology,  itc^itc;  by  Hknbt 
A.  MoTT,  Jr.,  E.M.,  Ph.D.,  &c.  626  pp.  8vo.  New  York,  1877. 
(D.  Van  NostrandJ. — This  work  is  a  compend  of  chemical  facts 
and  principles.  The  author  has  shown  skill  in  the  selection 
of  his  materials,  and  has  derived  them  generally  from  the  latest  au- 
thorities. Many  useful  tables  are  introduced,  as  of  Trautwine's 
specific  gravities  and  weights ;  formulsB  of  frequently  occurring 
substances  arranged  alphabetically ;  the  table  of  alcohols  in  atomic 
series ;  poisons  and  antidotes,  etc. ;  jVIendelejeff ^s  classification  of 
the  elements,  reproduced  from  Watts's  second  supplement  Under 
quantitative  analysis,  are  schemes  and  specific  instructions  for  the 
analysis  of  the  more  frequently  occurring  commercial  products, 
and  in  organic  chemistry  for  wine,  milk,  sugars,  both  chemical 
and  optical,  with  much  that  is  not  found  condensed  elsewhere  in  a 
form  so  conveniently  accessible.  •  b.  s. 

9.  Astronomical  Myths  based  on  Flammabion^s  History  ofths 
Heavens;  by  John  F.  Blake.  432  pp.  12mo,  with  plates  and 
wood-cuts.  London,  1877.  (Macmillan  &  Co.). — The  title  of  this 
work  hardly  does  it  justice;  for  while  containing  astronomical 
myths,  it  gives  in  a  popular  way  much  of  the  early  history  of 
astronomical  ideas,  and  something  of  early  notions  in  geography. 
The  chapters  on  the  Pleiades  is  especially  interesting,  it  bringing 
out  much  on  the  year  and  festival  times  of  the  ancients,  ana  on 
the  astronomical  knowledge  of  the  Egyptians  and  pui^poses  of 
the  pyramids.  It  has  chapters  also  on  the  Zodiac ;  the  origin  of 
the  Constellations ;  Eclipses  and  Comets ;  Astrology ;  time,  and 
the  Calendar ;  and  many  other  subjects,  all  of  which  are  treated 
in  a  way  to  instruct  and  entertain. 

The  Electric  Bath;  its  medical  usee,  effects  and  appliances,  by  Oeorge  IC. 
Schweiff,  M.D.    New  York:  G.  P.  Putnam's  Son&     1877.  pp.  134,  12ma 

Lecture  Notes  on  Elementary  Inorganic  Ghemistrj ;  by  K.  S.  Breidenbaugfa, 
A.M.,  Prol  Ohem.  and  Min.  Pennsylvania  College  at  Gettysburg.  72  pp.  8vo. 
Gettysburg,  1871. 

Interpolation  and  adjustment  of  Series ;  by  B.  L.  PeForest  52  pp.  8to.  New 
Haven,  1876. 
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Art.  XliUL — An  account  of  Oie  Discoveries  in  Vermont  Geology 
of  the  Rev.  Augustus  Wikq  ;  by  James  D.  Dana. 

[Oontinued  from  jMge  347.] 

In  the  preceding  part  of  this  paper  the  discoveries  have  been 
announced  of  IVenton  fossils  in  crystalline  limestone  in  North 
Castleton,  Hubbardton,  and  Sudbury,  within  the  area  of  the 
"'  great  central  slate-belt ;"  in  East  Cornwall  just  east  of  the  belt ; 
east  of  the  village  of  Shoreham ;  in  Eastern  Orwell ;  in  Middle- 
bury,  and  north  of  East  Corn  wall — indicating  a  north-and-south 
area  of  Trenton  limestone  either  side  and  underneath  the  slate, 
and  showing  the  slate  to  be  probably  the  Hudson  River  shales ; 
of  Chazy  fossils  at  West  Rutland ;  inEast  Cornwall ;  northeast  of 
the  village  of  Orwell ;  in  West  Cornwall ;  in  North  Cornwall  at 
Ellsworth  Ledge ;  at  Weybridge  Upper  Falls  northwest  of  Mid- 
dlebury ;  of  Quebec  fossils,  south  oi  the  East  Cornwall  locality 
of  Trenton  fossils,  and  in  North  Cornwall  at  Ellsworth  Ledge ; 
of  Caldferous  fossils  near  the  borders  of  West  Cornwall  at 
Bascoms  Ledge;  in  Northeastern  Shoreham  at  Mutton  Hill, 
and  also  in  another  fold  near  by  (affording  a  small  species  of 
OrthoceraSj  etc.);  near  the  border  of  West  Cornwall  at  Bascom's 
Ledge,  and  at  Barbour*s  Ledge  in  South  Bridport. 

The  Eolian  limestone  extends  north  through  Middlebury 
and  New  Haven  and  terminates  in  Monkton,  and  affords  other 
fossils  in  its  northern  portion. 

6,  Northern  Middlebury,  New  Haven,  Monkton, 

About  two  miles  north  of  Middlebury,  a  few  rods  east  of  the 
road  running  by  Messrs.  Hammond's  to  the  Severance  (or  Old 
Ax.  JouB.  Soi.— Third  Sbbiss,  Vol.  XIII,  No.  78.— Jum,  1877. 
27 
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Middlebury)  Marble  Quarry,  half  a  mile  west-by-south  from  the 
quarry,  across  a  small  stream,  there  is  a  thin  bed  of  limestone 
dipping  to  the  east  70°  or  75**,  underlaid  on  the  west  by  six  or 
ei^ht  feet  of  dark  fine-grained  quartzyte  holding  Scoliihi  At 
this  place  ten  or  twelve  specimens  of  a  small  Orthoceras  occur, 
weatnered  out  over  the  exposed  surface  of  limestone  near  the 
place  of  contact  with  the  quartzyte.  The  Orthocerata  are 
tapering  in  form,  three  to  five  lines  in  diameter  and  one  to  two 
inches  long,  and  have  very  fine  close  septa.  The  species  is  very 
much  like  the  Calciferous  Orthoceras  figured  by  Hall  in  the 
New  York  Eeport 

.1  visited  this  locality,  on  my  excursion  with  Mr.  Wing,  and 
found  his  description  right ;  the  specimens  are  beautifiillv  distinct 
although  only  worn  sections.  Expecting 
that  Mr.  Wing  would  describe  the  Ortho- 
ceras, and  also  hoping  that  I  should  re- 
ceive from  him  a  specimen  (which  only 
long  working  with  a  quarryman's  tools 
comd  safely  dig  out),  I  took  no  satisfac- 
tory notes  at  the  time.  Through  the 
kindness  of  Professor  H.  M.  Seelv,  I 
have  had  "squeezes"  from  three  of  the 
specimens,  showing  well  the  character  of 
the  septa,  and  have  farther  learned  that 
the  number  of  septa  is  from  ten  to  thiiv 
teen  in  a  quarter  inch,  that  is  forty  to 
fifty -two  in  an  inch;  and  I  have  also 
received  drawings  made  on  the  spot  by 
Miss  Parker.  The  accompanying  three 
figures  are  from  these  drawings  and  the 
squeezes.  They  are  natural  size;  and 
Professor  Seely  observes  that  there  are 
indications,  though  doubtiul,  that  the 
upper  end  of  No.  1  may  have  been  half 
an  inch  longer.  The  figures  are  restora- 
tions only  in  having  part  of  the  septa  more  entire  than  in  the 
specimens. 

They  show  that  the  species  is  much  like  Orthoceras  primigenium 
Hall,  but  that  part  have  a  slight  curva  Mr.  Wind's  earliest  notes 
on  this  locality  among  those  in  my  hands,  occur  in  a  letter  dated 
October,  ISBT.* 

Half  a  mile  northwest  of  the  Orthoceras  locality  and  two 
and  a  half  miles  northeast  of  Middlebury  village,  and  appar- 
ently in  the  same  formation  with  the  lastj^  there  are  specimens 
resembling  Ophileta  compacia;  there  was  also  founa  here  a 

*  I  repeat  here  that  the  paragraphs  in  smaUer  type  consist  of  remarks  by  the 
compiler  of  ttiis  paper,  and  of  facts  from  other  sources. 
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large  Madurea,     "  The  figure  here  given  is  correct  as  to  size 
and  general  form,  thongh  not  having  the  grace  of  the  original." 

About  a  mile  southwest  of  the 
__^  Middlebury  quarry  and  thirty  or 

forty  rods  west  of  Mr.  B.  Kirby's 
residence,  in  an  old  orchard,  seve- 
ral distinct  convoluted  shells  were 
seen  on  a  dark  siliceous  limestone 
dipping  west  The  beds  are  prob- 
ably Calciferous. 
The  quartzy  te  near  the  old  Mid- 
dlebury Marble  Quarry  above-mentioned  extends  northward 
into  the  town  of  New  Haven  to  New  Haven  River,  a  distance 
of  about  two  miles.  The  following  figure  represents  a  section 
taken  south  of  New  Haven  River  on  the  southern  border  of 


a  h  e        d  e 

Dolomite.     Marble.    Dolomite.  QoaitSTte. 

Sectkm  sootii  of  New  Haven  Biver  on  the  southern  border  of  New  Haven  town. 

the  town  of  New  Haven.  There  are  in  succession,  going  east- 
ward along  the  lines  of  section,  150  feet  of  dolomite  (a) ;  200  feet 
of  marble  (6);  150  feet  of  dolomite  (c) ;  10  feet  of  gray  quartzyte 
(cf) ;  800  feet  (c)  of  buif  and  reddish  quartzyte  with  some  slate. 
The  quartzite  has  been  made  the  overlying  rock  in  the  view  of 
Mr.  Wing  by  an  overthrow  fold.  This  quartzyte  belt,  with  the 
liraestpne  west  of  it,  stops  at  New  Haven  River.  But,  80  to 
100  rods  to  the  west,  another  belt  begins  which  stretches  north- 
ward, passing  just  east  of  New  Haven  village  (four  miles  from 
New  Haven  River),  and  finally  joins  the  Red  Sandrock  of 
Monkton. 

At  a  place  two  and  a  half  miles  south  of  New  Haven  viUage, 
in  a  field  belonging  to  Mr,  J.  Brown,  a  small  Orthoceras  was 
found  over  the  weatnered  surface  of  the  dolomite  just  west  of 
the  quartzyte,  which  was  apparently  identical  in  species  with 
those  of  the  locality  above-mentioned.  The  Orthoceras  is  closely 
like  that  of  Shoreham  (figured  on  page  842),  which  was  found 
in  limestone  adjoining  the  underlying  sandrock.  The  quartzj^te. 
at  Mr.  J.  Brown^s,  two  and  a  h^lf  miles  north  of  New  Haven  . 
village,  is  400  to  500  feet  thick,  dips  eastward  at.  an  angle  of 
'50°  to  60*^,  and  contains  "numeroiis  Fucoids  and  obscure 
Scolithi." 

This  locality  is  one  of  those  I  visited  with  Mr.  Wing.  The 
quartzyte  is  situated  between  limestone  on  the  east  and  west,  aQ 
dipping  alike.    The  dolomitic  limestone  to  the  east  has  a  reddish 
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color  seamed  with  white,  somewhat  brecoiated,  and  resejnbles 
much  the  red  Winooski  limestone  (Primordial).  The  quartzyte 
ridge  was  nearly  half  made  up  of  hydromica  slate. 

19. 


Q 
Sectkm  near  Kr.  J.  Brown's. 

For  a  mile  northeast  of  the  Weybridge  Upper  Falls,  across 
the  railroad,  the  "  striped  stratum  is  seen  in  short  anticlinals 
without  fossils;  but  in  a  fold  skirting  the  western  foot  of  Town 
Hill,  near  an  old  lime-kiln,  on  the  wrm  of  A.  Lorraine,  three 
miles  southwest  of  New  Haven  village,  Rhynchonellce  weoe 
found.  The  same  formation  extends  on  and  contains  fossils  in 
Brookville,  and  "  in  northeastern  Middlebury  east  of  Chipraan 
Hill,  a  little  north  of  Mr.  Foot's  residence,  just  east  of  the  road 
going  to  Mr.  Hammond's." 

In  the  northwestern  jpart  of  the  town  of  New  Haven,  one  and 
one-half  miles  north  or  New  Haven  depot,  a  few  rods  west  of 
Mr.  Charles  Mason's  residence,  the  r6ad  to  Monkton  cuts 
through  the  western  border  of  a  low  quartzyte  anticlinal,  hav- 
ing an  eastward  and  westward  dip  in  the  opposite  directions. 
Following  the  quartzyte  northward  twenty-five  or  thirty  rods, 
Fucoids  and  HcoUlhi  are  found  in  it.  The  auartzyte  to  the 
west  and  east  dips  under  heavy  beds  of  "  d<Momitic  siliceous 
limestone.*'  Farther  east  there  is  a  thick  stratum  of  white 
crystalline  limestone  or  marble;  next,  beds  of  "sandstone" 
and  concretionary  limestone;  next,  a  coarse  "sandstone"  con- 
glomerate; next,  limestone.  "Obscure  Orlhocerata,  convoluted 
shells  and  an  Orthis  were  seen,"  and  they  appear  to  be  fossils 
of  the  "Ophileta  beds '  or  Upper  Calciferous.  "  The  limestones 
end  in  Monkton  not  half  a  mile  north  of  this  place,"  the  rock 
beyond  being  the  Red  Sandrock,  with  its  Scrdithi  and  Fucoids. 
The  Calciferous  formation  is  thus  traced  to  the  northern  limit 
of  the  Eolian  limestone. 

At  my  visit  to  the  quartzyte  anticlinal  just  described,  I  found 
that  there  was  a  small  cross-gorge  in  the  quartzyte,  showing  that 
the  quartzyte  had  little  thickness  and  that  it  overlaid  a  stratum 

20. 

'    Section  of  Quartzyte  AntiolinaL 

of  limestone,  probably  dolomitic,  twenty  feet  in  height  of  which 
were  exposed  to  view.  The  beds  at  this  place  have  only  a  small 
dip.  The  general  relations  of  the  beds  are  ^hown  in  tne  above 
section. 
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The  quartzyte  is  in  most  parts  a  little  slaty  in  structure,  and  in 
limited  portions  a  shining  grayish-black  slate.  In  places  over  it 
there  are  areas  of  sub-concentric  conchoidal  lami- 
nation, looking  somewhat  as  if  examples  of  the 
flow-and-plunge  structure,  but  more  probably  a 
result  of  concretionary  consolidation.  To  the  lat- 
ter cause  I  attributed  some  forms  that  looked  ex- 
ceedingly like  casts  of  a  JPleurotomaria  and  a 
Murchisoniay  and  of  a  yal  ve  of  Orthis  lynx.  Others 
of  these  imitative  forms  over  the  surface  were 
semi-cylindrical  and  chambered,  as  if  worn  casts 


of  long  crinoidal  stems ;  yet  having  the  chambers 
too  large  and  irregular  for  any  known  crinoidal 
forms.  A  portion  of  one  of  them  is  here  figured 
natural  size ;  its  total  length  was  over  ten  inches. 
These  simulations  of  Crinoids  may  also  be  due  to 
a  concentric  structure  in  the  slaty  portion  of  the 
rock ;  yet  how,  it  is  not  easy  to  understand. 

7.  Eastern  portion  of  the  JEolian  Limestone  belt^  and  the  Quartzyte 

adjoining. 

In  this  eastern  portion  of  the  Eolian  limestone,  constitut- 
ing one-fourth  to  one-third  of  the  whole  breadth,  no  fossils 
have  been  found.  The  more  crystalline  character  of  the  ixx?k 
accounts  for  the  absence  of  fossils.  Conclusions  as  to  its  age 
and  that  of  the  quartzyte  have  to  be  based  on  other  consid- 
erations. This  evidence  of  intenser  metamorphism  on  going 
eastward  is  apparent  beyond  the  limits  of  the  limestone  region, 
to  and  beyond  the  Green  Mountain  axis. 

The  interstratification  of  the  quartzyte  and  Eolian  limestone 
is  illustrated  in  the  section  given  on  page  840,  in  which  two 
bands  of  dolomite  are  included  between  belts  of  the  quartzyte. 

In  July,  1875,  Mr.  Wing  made,  along  with  Professor  Seely, 
a  special  examination  of  the  quartzyte  mountain  called  the 
"Hogback,"  forming  the  northern  terminus  of  the  Vermont 
Quartzyte  range,  ana  lying  near  the  western  foot  of  the  Green 
Mountains.  At  the  north  end  of  the  Hogback  a  low  hill,  situ- 
ated north  of  the  road  to  Starksboro,  is  oi  hard  grayish  quartz- 
yte, while  the  main  range  south  is  brownish  and  distinctly 
stratified,  with  the  dip  70  to  75**  to  the  eastward.  North  of 
this  low  quartzyte  hill,  the  quartzyte  extends  on  northward  in. 
narrow  masses,  and  is  directly  overlaid  on  the  northeast  by 
dolomite  and  bounded  bv  the  same  dolomite  around  the  whole 
northern  end.  The  dolomite  on  the  west  was  not  seen  in 
immediate  contact  with  the  quartzyte;  but  at  the  nearest 
point,  "some  rods  distant,"  it  seemed  to  dip  east  »t  a  high 
angle,  while  a  few  rods  to  the  west  it  had  a  decided  westward 
dip.     On  the  east  side  of  the  quartzyte  at  this  northern  end  of 
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the  range,  and  also  south  to  Starksboro,  there  is  anoth^  north- 
and-south  range  of  limestone  (dolomite),  having  an  eastward 

dip  conformable  to  the 
quartzyte  (as  represented 
also  in  the  Vermont  Re- 
port, p.  846).  The  figure 
nere  given  (copied  irom 
Mr.  Wing's  note  book) 
gives  his  view  of  the  strati- 
ficalion. 
At  Starksboro,  east  of 
Mr.  Wing's  section  through  Hogbadc         ^h^   dolomite,    there    is    a 

quartzjrte  ridge  which  "for  a  height  of  8,000  feet  seemed  to 
oe  an  imm^ise  flag-stone  quarry ;  the  rock  is  quarried  for  flag- 
ging farther  north.  It  may  be  called  brown  quartzyte ;  it  is 
within  the  *Talcose  Conglomerate*  area  of  the  Vermont  Gheolog- 
ical  Eeport'*  The  layers  are  nearly  vertical,  having  a  very 
high  eastward  dip,  conformable  with  the  dolomite  and  with 
the  quartzyte  lying  west  of  the  dolomite.  The  whole  valley 
between  the  two  ranges  of  quartzyte, — ^a  nearly  level  strip  of 
country  "  embracing  two  or  three  villages,  excellent  farms  and 
farm-houses," — seems  to  have  been  m^e  by  erosion,  the  dolo- 
mitic  and  slaty  strata  having  been  worn  away  faster  than  the 
quartzyte  of  Hogback  on  the  west  and  the  Flag-stone  ridge 
on  the  east  The  only  fossils  of  the  quartzyte  are  the  ScoUthi 
and  Fucoida  observed,  elsewhere,  and  these  are  the  same  with 
those  of  the  Red  Sand-rock. 

The  conclusion  given  in  the  notes  of  this  excursion  in  1876 
is, — that  "  all  the  rocks  in  Bristol  north  and  east  of  Mr.  Oaks*8 
residence  (on  the  road  next  west  of  Bristol  village),  all  in 
Monkton  and  in  Starksboro,  are  older  than  the  Calciferoas; 
the  dolomites  belong  to  the  Red  Sandrock  series,  or  that 
of  the  quartzyte,  and  in  some  places  appear  to  be  400  to  500 
feet  thick;  and  they  overlie  the  quartzyte,  being  beneath 
because  of  an  overturn  anticlinal."  These  dolomites  here 
referred  to  the  Red  Sandrock  series  are  those  called  "Subcrya- 
talline  limestone"  on  page  348,  which  contain  the  Calciferoas 
Orthoceras  at  Mutton  Hill  and  are  there  referred  to  the  Lower 
Calciferous.  The  following  section  (from  the  letter  of  1872,) 
represents  the  rocks  between  the  Red  Sand-rock  west  of  New 
Haven  (see  map)  and  the  quartOTte  at  the  village  of  Bristol, 
and  Mr.  Wing's  view  as  to  the  folds,  a.  The  Red  Sand-rock 
dolomite  or  "Subcrystalline  limestone;"  6,  The  "Ophileta 
beds"  or  Calciferous;  c,  The  "Conglomerate"  or  "Trilobitebed" 
or  **  siliceous  limestone  greatly  resembling  it,"  underlying  to 
the  south  on  the  strike,  "  Rhy  nchonella  beds"  containing  fossils ; 
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Q,  quartzyte.    Adjoining  the  Red  Sandrock  on  the  west  is  No. 
2  of  the  section  on  page  848,  a  "  dolomitic  sandstone." 


23. 


Kr.  VTiDf^B  section  from  the  Bed  Sand-rock  west  of  New  Haven  to  tlie  QuartiTte 

at  Bristol  yillage. 

In  the  excursion  with  Mr.  Wing  we  passed  along  by  the  west- 
em  foot  of  the  Hogback  range,  north  of  the  village  of  Bristol 
At  one  point  the  limestone  stratum  was  seen  to  form  the  lower 
part  of  the  quartzyte  blufE^  and  to  dip  beneath  the  quartzyte  at 
a  small  angle,  as  if  actually  an  underlying  stratum.  Mr.  Wing 
spoke  of  this  limestone  at  the  time  as  part  of  the  Primordial  or 
iCed  Sand:rock  series. 

A  section  of  Hogback  in  the  Vermont  Geological  Report, 
taken  alon^  a  line  south  of  the  region  examined  by  Mr.  Wing, 
between  Bnstpl  and  Lincoln,  makes  tne  limestone  at  the  west  base 


Section  of  Hogback,  from  Vermont  Report. 


of  Hogback  dip  eastward  46**  or  so  beneath  the  quartzyte.  To 
the  eastward  of  Hogback  along  this  section  no  limestone  is 
represented  in  the  figure ;  but  the  Report  says  (p.  346) :  ^  in  the 
Talley  of  the  north  branch  of  New  Haven  Kiyer,  passing  up  to 
Starusboro,  there  are  ledges  of  limestone  occasionally  seen,  inter- 
stratified  with  the  quartz  rock,  nearly  as  far  as  Starksboro  village; 
and  there  is  reason  to  believe  that  it  may  extend  to  meet  a  narrow 
belt  of  limestone  running  south  from  Hinesburgh." 

In  my  examination  of  the  limestone  and  quartzyte  ridge  north- 
east of  Rutland,  I  found  that  the  dip  in  both  was  eastward ;  but 
the  nearest  outcrops  of  the  two  were  top  remote  to  make  it  sure 
that  they  were  conformable.  They  are  conformable  according  to 
the  section  through  Rutland  and  Mendon  given  in  the  Vermont 
Geological  Report.  The  quartzyte  in  Vermont  is  in  many  places 
interstratified  with,  and  replaced  by,  hydromica  slate  (sometimes 
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ohloritic),  or  a  hydromioaoeoas  qnartsyte  or  conglomerate — a  fact 
dwelt  upon  in  the  Vermont  Geological  Report,  which  says  as  fol- 
lows,  when  describing  sections  across  the  eastern  quartzyte  range. 
In  Sunderland  the  quartz-formation  includes,  withqaartzyte,  tal- 
cose  schist  [that  is,  hydromica  slate]  (p.  614).  In  Wallinfffbrd  the 
quartzyte  and  quartz  conglomerate  are  interstratified  with  talcose 
schist  (p.  627).  ^^  Talcose  schist  is  associated  with  the  quartz-ro(^ 
of  Mendon"  (p.  634).  In  Goshen  *^  the  quailz  rock  formation  is 
composed  of  hyaline  quartz,  talcose  schist,  and  argillo-talcose 
schist"  (p.  640).  In  Ripton  "  the  €[uartz-rock  is  composed  of  ten 
bands  of  different  rocks,  viz :  hyaline  quartz,  compact  sandstone, 
talcose  and  chlorite  schist "  (p.  646).  Speaking  of  the  belt  of  ^'  tal- 
cose'conglomerate''  it  says  that  it  includes  sandstones,  breccias, 
quartzyte,  coarse  conglomerates,  talcose  schist,  novaculite  schist, 
and  ^Halcose  schist  is  the  ^  most  common  rock  in  the  belt" 
(pp.  886,  387). 

I  have  examined  this  association  of  hydromica  slate  and 
quartzyte  in  the  quartzyte  ridge  northeast  of  Rutland  (the  ridge 
making  the  western  boundary  of  the  town  of  Mendon).  Having 
on  my  second  visit  struck  the  ridge  at  a  different  point  from  that 
ezammed  on  my  first  visit,  I  was  perplexed  by  finding  hydromica 
slate  in  place  of  true  quartzyte ;  but  afterward  reached  an  ex- 
planation on  observing  the  gnidations  of  one  rock  into  the  other. 
The  Geological  Chart  of  the  Vermont  Report  does  not  generally 
represent  this  interstratification  of  the  quartz  and  hydromica  slate, 
as  the  Report  observes,  because  the  details  were  not  separately 
made  out  owing  to  the  intimate  relations  of  the  two.  It  is  shovm, 
however,  in  Section  VIII,  where,  near  Ripton,  occurs  the  remark 
^'Quartz  rock  interstratified  with  talcose  schist;"  and  bands  of 
color  in  the  colored  section  represent  the  fact. 

8.  *' Great  IhuU  of  Western  Vermont.'' 

Snake  Mountain  is  a  north-aud-south  ridge  of  Red  Sand-rock 
several  miles  long,  situated  to  the  west  of  Middlebury,  within 
seven  miles  of  Lake  Champlain.  It  has  a  steep  western  face, 
and  gradual  eastern  slopes — the  former  across  the  stratification, 
and  the  latter  nearly  conforming  with  it.  This  western  side  is 
the  course  of  a  great  fault. 

The  rock  of  Snake  Mountain  east  of  the  fault  is  the  Red 
Sand-rock  of  the  Vermont  Report,  and  this  continues  to  be  the 
surface  rock  eastward  to  Otter  Creek.  At  the  southern  ex- 
tremity of  the  mountain,  in  Bridport,  west  of  the  mountain, 
there  are  the  successive  Lower  Silurian  formations,  but  in  an 
inverted  position.  The  following  section  gives  the  order  and 
position  of  the  beds  observed  at  this  placa 

The  first  and  uppermost  rock  west  of  the  fault  containing 
fossils  is  the  Chazy ;  below  this  comes  the  Trenton,  and  next  the 
Hudson  River,  so  that  the  Chazy  and  Trenton  have  been  folded 
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back  for  two  or  three  miles  upon  the  slate.  This  arrangement 
in  the  main  prevails  along  the  west  front  of  Snake  and  Buck 
Mountains  to  near  Vergennes. 


Trenton  L.  CThnsy.      Bed  8nnd>rook,  Suilce  Mt. 

orerUld  by 
(d)  Hndton  Blrer  tUtee. 
Mr.  Wing's  section  in  Bridport,  across  south  end  of  Snake  Mountain. 

''Along  the  highest  part  of  Snake  Mountain  no  slate  or  lime- 
stone is  seen  at  fOL  At  the  north  end  of  the  mountain  the  Eed 
Sand-rock  has  been  lifted  until  it  is  700  feet  above  the  level  of 
the  Hudson  River  slates  to  the  west,  while  at  the  south  end, 
four  or  five  miles  distant,  it  is  much  less  elevated.  Around  its 
northwest  end,  only  the  Hudson  River  slate  is  seen.  Then  the 
Chazy  comes  in  behind  the  Trenton,  and  both  are  folded  over 
on  the  slate.  The  Chazy,  Trenton,  and  the  Hudson  River  slate 
disappear  in  the  same  order  farther  south.  The  Red  Sand-rock 
(Potsdam)  appears  to  have  been  pushed  up  and  thrust  west  over 
these  other  formations ;  and  so  far  over,  opposite  the  highest 
part  of  the  mountain,  as  to  conceal  first  the  Chazy,  the  Trenton 
and  the  Hudson  River  beds;  then,  farther  north,  leaving  the 
Hudson  River  beds,  Trenton  and  Chazy,  along  the  lower  parts 
of  the  mountain." 

The  Chazy  beds  on  the  west  of  the  fault  afford  large  Maclurece, 
one  or  two  species  of  Orthoceroff,  an  Orthis;  the  Slack  River 
limestone,  Ootumnaria  alveolata  in  great  masses,  besides  other 
species;  the  Trenton,  Trinucleus  conc^tricus,  and  various 
other  fossils,  and  the  Hudson  River  slate  its  characteristic 
species. 

This  fault  continues  south  through  Bridport,  Eastern  Shore- 
ham  and  Orwell  to  Orwell  village  and  bevond,  "but  with  some 
irregularity  of  direction,  it  following  neit&er  a  meridian  nor  the 
line  of  a  belt  or  fold." 

"  Two  or  three  miles  south,  half  a  mile  west  of  the  village  of 
Shoreham,  and  south  by  Sisson*s  Hill  and  Barnum*s  Hill,  in  the 
south  of  Shoreham,  the  Potsdam  proper  is  folded  over  on  to  the 
Hudson  River  slate."  "Six  miles  south,  IJ  miles  west  of  the 
valley  of  Orwell,  at  Chittenden's  Mills,  in  a  deep  gorge  made  by 
the  stream,  the  Chazy,  holding  lai^e  Maclurem^  is  seen  folded  over 
the  Hudson  River  slate,  etc."  Mutton  Hill  adjoins  the  fault 
Again  in  Waltham,  eight  or  ten  miles  north  of  Bridport,  the 
Rai  Sand-rock  is  brought  up  against  the  Trenton. 
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Pro£  Emmons  describes  the  (anlt  at  Snake  Mountain  and  gives 
a  section  in  his  American  Geology  (vol  I,  Part  2,  p.  87, 1856) ;  but 
his  section  seems  to  have  been  taken  north  of  the  point  described 
by  Mr.  Wing ;  the  place  is  not  stated.  It  makes  the  formations 
to  the  west  of  the  tanlt  lie  in  regular  instead  of  inverted  order. 
Professor  Emmons  supposed  the  rock  of  Snake  Mountain,  raised 
by  the  faulting,  to  belong  to  his  Taconio  System  and  therefof e 
pre-Silurian.  jProl  Hitchcock,  in  the  Vermont  Geological  Report, 
gives  a  section  which  represents  the  mountain  without  thefauU. 

9.  Conchdstons  of  -Mr.  Wing  m  to  the  Oeology  of  the  paH  of 
Central  <md  SotUhem  Vermont  investigated  oy  him. 

1.  The  bydromica  slates,  clay  slates,  Eolian  limestone  and 
quartzyte,  with  the  so-called  talcose  conglomerate  on  the  east, 
are  all  of  Lower  Silurian  age,  and  conformable  in  superposition. 

2.  The  Eolian  limestone  is  not  Taconic,  as  maoe  by  Prot 
Emmons ;  nor  of  some  one  formation,  as  implied  in  statements 
in  the  Vermont  Report  and  in  the  name  it  gave  it ;  nor  of  the 
Quebec  group,  as  inferred  by  Logan ;  it  includes  Lower  Silurian 
limestones  of  various  periods,  the  Upper  Potsdam  or  Lower  Cal- 
ciferous,  Calciferous,  Quebec,  Chazy,^lack  River,  and  Trenton. 

S.  The  Red  Sand-rock  on  the  west  of  the  Eolian  limestone — 
admitted  to  be  Potsdam  or  Primordial  in  age — and  the  Quartz- 
yte on  the  east  which  often  rises  into  mountain  ridges,  are  of  the 
same  formation,  and  come  nearly  or  quite  together  in  Monkton, 
on  the  northern  limits  of  the  limestone  area. 

4.  These  rocks — the  Red  Sand-rock  and  Quartzyte — ^are  the 
western  and  eastern  borders  of  a  great  abraded  synclinal,  the 
axis  of  which  in  its  northern  part  has  a  slight  northward  rise 
(or  southward  dip),  the  sides  there  coming  together;  and  which 
also  has  both  the  eastern  and  western  sides  of  the  fold  east- 
wardly  inclined,  the  dip  of  the  beds  being  generally  eastward. 
Between  its  borders  there  are,  in  some  parts,  subordinate  longi- 
tudinal abraded  anticlinals  and  synclinals. 

5.  The  slates  of  the  "  great  central  belt'*  are  of  the  age  of  the 
Hudson  River  slates  (or  that  of  the  Cincinnati  group),  for  the 
reasons  stated  on  pa^e  845 — which  are  briefly  these :  (I)  the 
slate- belt  is  bordered  in  several  places  on  both  the  east  and  west 
sides  by  limestone  affording  Trenton  fossils  {Trinucleus,  etc.), 
and  no  where  else  have  Trenton  fossils  been  found  in  the  Eolian 
limestone ;  (2)  there  are  also  narrow  north -and-south  outcrops 
of  limestones  containing  Trenton  fossils  over  the  interior  of  the 
slate-belt,  as  if  brought  up  from  beneath  by  anticlinals ;  (8)  the 
slate-belt  is  plainly  underlaid  by  the  limestone  at  its  north  end ; 
(4)  in  Whiting  the  Trenton  limestone  of  the  Sudbury  area  has 
a  direct  connection,  across  the  slate  area,  with  the  limestone  of 
Otter  Creek  valley,  east  of  the  belt,  which  also  is  Trenton  in  age 
— the  slate  being  interrupted  "for  forty  or  fifty  rods." 


Digitized  by  VjOOQIC 


A.  Wing^a  Discoveries  in  Vermont  Otology,    '        416 

The  Trenton  limestone  has  been  identified  west  of  or  within 
the  '*  central  slate-belt,"  at  localities  but  a  few  miles  apart,  in 
all  the  towns  north  of  Castleton  (the  most  southern  on  the  map 
illustratii^  this  paper,  p.  886),  including,  in  succession,  Hub- 
bardton,  Sudbury,  Whiting,  Shoreham,  Cornwall,  Weybridge; 
and  east  of  the  slate-belt,  in  Leicester,  Eastern  Cornwall  and 
MiddlebuiT-  The  Chazy  limestone  adjoins  the  "  central  slate- 
belt"  in  West  Rutland. 

6.  The  several  Lower  Silurian  limestone  formations  lie  in 
north-and-south  belts,  with  the  lowest — the  Potsdam  and  Cal- 
ciferous — nearest  to  the  Red  Sand-rock,  or  to  the  Quartzyte, 
and  the  upper — the  Trenton  or  Chazjr — nearest  to  the  "central 
slate-belt  This  view  is  presented  in  the  section  from  East 
Shoreham  to  East  Liecester  on  p.  840. 

This  is  confirmed  as  regards  the  Trenton  limestone,  "  Sparry 
limestone,"  by  the  list  of  its  localities  just  mentioned.  The 
Chazy  ("  Rhynchonella  beds  ")  so  well  represented  by  fossils  at 
West  Rutland,  has  afforded  fossils  also  in  Leicester,  East  Corn- 
wall, Middlebury,  and  the  same  fossils  have  been  found  on  the 
east,  as  on  the  west,  of  the  '* central  slate-belt;"  while  the 
*' striped  stratum,"  which  is  a  marked  feature  of  the  Chazy, — 
"a  way -mark  by  which  the  rock  can  be  recognized  without  its 
fossils,  occurs  also  in  Middlebury,  in  the  western  part  of  Bran- 
don by  the  Burgess  Field  farm  and  along  the  quarries  of  this 
part  of  the  town,  in  the  western  part  of  Pittsford,  and  in  North - 
em  Salisbury ;  and  "doubtless  it  reaches  the  marble  quarries  of 
West  Rutland,  and  continues  south  through  Tinmouth  and  the 
whole  State ;  and  in  this  formation  is  embraced  the  Birdseye  and 
Black  River  limestones."  "  On  Crown  Point,  Lake  Champlain, 
these  *  striped  beds '  are  largely  developed  at  the  old  Forts,  and 
are  perhaps  100  yards  beneath  the  6lack  River  limestone — 
whether  in  the  Cfhazy  or  Birdseye  is  not  known.  There  is  a 
stratum  of  seemingly  pure  sandstone,  resembling  the  Potsdam, 
overlying  them  at  Crown  Point  These  facts  may  help  to  solve 
the  age  of  the  same  *  striped  beds  *  in  Addison  County." 

The  groups  affording  tne  lowest  Calciferous  fossils  on  the  west 
of  the  "central  slate-belt"  occur  next  to  sandstones  of  the  Red 
Sandstone  formation ;  and  also  at  two  localities  north  of  Mid- 
dlebury, adjoining  beds  of  quartzyte,  or  where  the  limestone 
and  quartzyte  come  together.  The  "  Ophileta  beds,"  or  those 
referred  to  the  Upper  Calciferous,  come  next,  being  more  remote 
from  the  sandstone  or  quartzyte,  as  found  to  be  true  in  Shoreham, 
Western  Cornwall,  Weybridge,  Middlebury  and  New  Haven. 

The  beds  occur,  with  their  fossils,  in  Salisbury,  Leicester  and 
Brandon. 

The  eastern  range  of  limestone,  or  that  forming  the  eastern 
margin  of  the  great  Eolian  belt,  a  mile  in  width  in  many  places 
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but  narrower  to  the  north,  is  concluded  to  be  Calciferoua  or 
Upper  Potsdam,  because  it  adjoins  the  quartzyte,  and  is  dolo- 
mitic,  the  limestone  nearest  to  the  outcrops  of  quartzyte  in 
Northern  Middlebury  and  New  Haven  being  proved  by  its 
Orthoceralfi  to  be — ^like  that  nearest  the  Red  Sand-rock  to  the 
west  of  Shoreham — of  Calciferous  age,  if  not  Upper  Potsdam. 

The  localities  affording  the  Calciferous  fossils  (Ophileta  beds) 
in  Salisbury,  Leicester  and  Brandon  lie  a  little  to  the  west  of 
the  great  marble  formation ;  and  this  marble  formation  is  con- 
sidered the  equivalent  of  the  western  "  Subcrystalline  lime- 
stone" just  above  the  fucoidal  sandstones  or  Upper  Potsdam. 
The  dolomites  farther  east  belong  to  the  Upper  Bed  Sand-rock 
series,  or  else  the  bottom  of  the  Calciferous,  as  has  been  else- 
where stated. 

The  later  formations  extend  less  far  north  than  the  older 
because  of  the  inclined  axis  of  the  great  abraded  synclinal: 
"the  Hudson  River  slates  (those  of  the  "central  slate-belt") 
reaching  central  Weybridge;  the  Trenton,  about  a  mile  farther; 
the  Rhynchonella  beds  five  or  six  miles  farther  north;  and 
finally  these  disappear,  owing  to  the  rising  into  view  of  the 
Red  Sand-rock." 

7.  The  quartzyte  of  the  eastern  range,  with  that  also  of  the 
local  belts  in  the  Eolian  limestone  area,  is  regarded  as  Potsdam 
(or  Primordial)  in  age,  because  it  contains  in  many  places  Sco- 
lithi  (worm-burrows)  and  Fucoids  like  those  found  in  the  Pots- 
dam sandstone;  because  also  it  adjoins  Calciferous  limestone 
beds  at  the  localities  just  mentioned  in  North  Middlebury  and 
New  Haven;  and  because  it  joins  the  Red  Sand-rock  in  Monk- 
ton,  and  one  rock  has  in  many  places  the  character  of  the  other, 
although  not  commonly  alike  in  color,  and  showing  differences 
explainable  on  the  ground  of  the  greater  metamorphism  of  the 
quartzyte.  "In  Monkton,  the  Red  Sand-rock  and  the  Quartz- 
yte meet  in  a  succession  of  short  anticlinals,  thus  cutting  off  to 
the  north  the  great  trough  or  synclinal;"  and  "the  Red  Sand- 
rock  absolutely  overlies  the  beds  of  Red  Sand-rock  in  one  anti- 
clinal and  the  quartzyte  in  another  anticlinal,  and  both  bold 
Scqlithua  linearis, 

8.  The  quartzyte  belt  of  Rutland  Center  (just  north  of  Rut- 
land), with  the  associated  slate,  extends  north  by  Sutheriand 
Falls  nearly  to  Forestdale,  and  it  runs  south  of  Rutland  Center 
into  Clarendon  and  Tinmouth.  It  lies  throughout  within  the 
Eolian  limestone  area.  But  it  is  seen  on  the  map  that  the  area 
is  on  the  line  of  strike  of  the  quartzyte- range  north  of  Pittsford. 
This  quartzyte  is  regarded  as  rotsdam ;  and  the  limestone  which 
lies  directly  to  the  west  of  it  (half  way  from  Rutland  to  die 
West  Rutland  valle^r)  is  supposed  to  be  possibly  the  "Ophileta 
beds"  or  Upper  Calciferous,  and  the  "Conglomerate"  or  Quebec 
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group.  **But  this  narrow  valley  is  a  very  disturbed  region, 
and  the  limestone  seems  to  be  greatly  compressed  between  the 
quartzyte  belt  on  the  east  and  the  slate  belt  on  the  west  (sep- 
arating it  from  West  Rutland  valley)."  **The  region  was  stud- 
ied ferther  south  in  the  valley  as  well  as  to  the  north,  to  ascer- 
tain what  rocks  occurred,  and  the  conclusion  was  that  nearly 
all  the  formations  found  in  other  places  here  occur;  that  is,  the 
older  on  the  east  against  the  quartzyte  (No.  1\  and  then  the 
others  in  succession,  with  the  Trenton  against  the  slate  bound- 
ing the  limestone  on  the  west,  while  the  slate  is  No.  8  or  the 
Hudson  River  slate."    No  fossils  were  found  in  it 

10.  Historical  Note, 
The  preceding  notes  have  been  taken  chiefly  from  the  letter  from 
Mr.  Wmg  to  me  dated  August  9,  1872.  They  show  that  his  view, 
that  there  are  Hudson  River  slates  in  the  Eolian  limestone  region, 
antedates  my  own ;  for  my  paper  on  the  subject  was  not  published 
until  1878,  and  there  had  been  no  communication  between  us  before 
then  on  the  subject,  or  on  any  subject  Moreover,  my  own  views 
as  to  the  a^e  of  the  Berkshire  rocks  were  based  chiefly,  as  I  stated, 
on  Mr.  Wing's  discoveries  in  Vermont  I  cite  the  following  from 
a  letter  to  me,  of  May  8,  1875,  written  soon  after  he  had  first  seen 
my  paper  on  the  subject — a  letter  never,  however,  received  by  me 
until  his  pafiers  were  recently  put  into  my  hands.  It  shows  that 
his  conclusions  date  as  far  back  as  1 866. 

"When,  in  1866,  the  Trinucleus  concentricus  and  other  Tren- 
ton fossils  were  found  first  in  Sudbury,  underlying  on  the  west 
side  the  great  central  mass  of  slate  running  south  from  Wey- 
bridge  through  the  State,  embracing  the  **  Talcoid  schists  "  cap- 
ping Dorset  and  Manchester  Mountains,  Mount  Anthony  m 
Bennin^n,  and  also  Graylock  in  Massachusetts,  I  reached  the 
conclusion  at  once  that  all  these  slates  in  Southwestern  Vermont 
and  Southwestern  New  England  were  neither  of  the  Quebec 

froup,  nor  Taconic,  but  of  the  age  of  the  Hudson  River  slate, 
n  the  progress  of  my  investigations,  I  assumed,  and  I  often 
expressed  in  correspondence  with  Mr.  Billings,  that  the  *  Eolian 
limestone'  of  the  Vermont  Geological  Report  embraced  not 
only  the  Trenton  and  Hudson  River  beds,  but  all  the  formations 
of  the  Lower  Silurian  as  well,  and  even  limestones  and  dolomites 
of  the  Red  Sand-rock  series.  I  was  wrong  at  first  in  assuming 
that  these  same  slates  overlying  the  Trenton  and  Chazy  lime- 
stones along  this  central  belt  extended  also  west  to  the  Hudson 
River  and  were  all  of  the  same  age.  For  the  Primordial  fossils 
recently  collected  at  Bald  Mountain,  Washington  Co.,  and  east 
of  Troy,  New  York  (both  of  which  places  I  have  visited),  have 
modified  my  view  as  to  the  western  extent  of  the  Hudson  River 
slate&  But  they  have  not  weakened  my  belief  in  their  existence 
in  Southwestern  Vermont  and  New  England," 
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From  the  preceding  acooant  of  Mr.  Wing's  discoveries  it  is  evi- 
dent that  he  performed  well  the  task  he  laid  down  for  himself 
in  1866 — the  determination  of  the  age  of  the  Eolian  limestone. 
Knowing  that  fossils  were  the  only  sore  criterion  of  geological 
age,  he  searched,  and  he  found  them,  and  thus  reached  sure  conclu- 
sions. For  th6  western  portion  of  the  Eolian  limestone  and  more 
than  half  the  eastern  (that  of  Otter  Creek  Valley),  the  special  geo- 
logical age  was  thus  determined,  and  the  several  Lower  Silurian 
formations  identified.  He  further  made  a  right  use  of  the  facts, 
when,  in  view  of  the  Trenton  and  Chazy  age  of  the  fossils  in  lime- 
stone along  the  borders  of  and  within  the  '*  central  slate-belt."  and 
the  observation  that  the  beds  more  remote  are  successively  older — 
he  deduced  that  the  slates  were  vounger  than  the  limestones 
holding  the  Trenton  fossils,  and  therefore,  in  all  probability,  of 
the  Hudson  River  (or  Cincinnati)  group,  and  that  they  lay  in  a 
synclinal  with  Trenton  and  older  limestones  beneath  and  on  either 
Bide. 

The  more  highly  metamorphic  condition  of  the  limestones  mak- 
ing the  eastern  border  of  the  Eolian  limestone  prevented  his  ^v- 
ing  to  the  geology  of  this  part  of  the  region  tne  same  positive 
basis  from  fossils  which  he  had  obtained  for  the  rest. 

The  Quartzyte  also  proved  almost  barren,  yielding  him  only 
Scolithi  and  Pucoids^  neither  of  which  serve  to  fix  positively  the 
age  of  the  beds.  His  argument  with  respect  to  it  from  the  well- 
defined  Calciferous  fossils  found  adjoininjg  quartzyte  at  three  dif- 
ferent localities  on  the  west  and  north  is  however  a  strong  one, 
and  seems  to  set  the  question  at  rest  for  those  outcrops.  The 
Vermont  Gleological  Report  states  that  the  eastern  Quartzyte 
range,  near  Rockville  in  Starksboro,  has  afforded  %  Idn^fiUa — ^the 
specimen  containing  '^  scores  of  fossila  but  none  very  distinct'' — 
which  Prof.  James  Hall  *^  regards  as  a  new  species  related  to  one 
in  the  Medina  sandstone,"  and  as  evidence  ^'  though  unsatisfac- 
tory" that,  the  quartzyte  is  of  the  age  of  the  Medina.  From  the 
same  Quartzyte  ranee  £Etrther  south,  in  the  vicinity  of  Lake  Dun- 
niore.  Prof.  C.  6.  Adams,  as  it  states^  found  a  shell  near  a  Modio-, 
lopsis  in  form ;  also  a  tapering  shell  looking  like  an  Orihoceras, 
Yet  the  determinations  ot  all  these  fossils  are  admitted  to  be 
doubtful,  and  the  question  of  age  is  still  an  open  one. 

One  of  the  most  important  points  establisned  by  Mr.  Wing  is 
the  conformability  of  the  Lower  Silurian  formations  throughout 
the  region.  From  the  Red  Sand-rock,  or  Primordial,  upward  they 
make  one  colisecutive  series,  and  all  are  involved;  as  Mr.  Wing 
urges,  in  one  system  of  synclinals  and  antidinala  The  quartzyte, 
hydromica  slates,  and  limestones,  associated  on  the  eastern  border 
of  the  reffion,  and  the  great  bands  of  limestone,  hydromica  slate 
and  clay  slate  (or  roofing  slate),  with  some  quartzyte,  making  the 
center  and  western  portion,  are  of  one  svstem,  and  took,  together, 
their  present  positions.  The  great  lault  which  made  Snake 
Mountain  was  simply  one  of  the  breaks  and  displacements  at- 
tending the  mountain-making  movement,  as  sho^^m  years  since  by 
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Logair.  The  observatioDS  of  Mr.  Winj;  afford  nothing  to  sustain 
the  view  that  there  was  an  epoch  of  disturbance  in  the  region  at 
the  close  of  the  Primordial  or  Cambrian  period,  but,  on  ^e  con- 
trary, they  prove  that  the  rocks  went  on  forming  in  regular  suc- 
cession nearly  or  quite  to  the  close  of  the  Lower  Silurian ;  and 
that  then  followed,  as  Mr.  Wing  concludes,  the  epoch  of  upturn- 
ing and  metamorphism.  The  making  of  the  Green  Mountains  has 
for  many  years  been  referred  by  some  geologists  to  this  epoch,  on 
the  basis  of  the  fossils  in  the  limestones  of  Vermont.  These 
ftaller  developments  leave  no  doubt  that  this  view  is  right,  at  least 
so  far  as  the  Eolian  limestone  of  Vermont  and  the  associated 
schists  and  quartzyte  are  concerned. 

In  another  number  of  this  Journal  I  will  close  this  subject  by 
stating  the  bearing  of  the  Vermont  facts  on  the  geology  of  Berk- 
shire. 


Abt.  XLIV. — On  Barite  crystals  Jrom  the  Last  Chance  Mirier 
Morgan  County^  Missouri;  and  on  OUthitefrom  Adair  County^ 
Missouri;  by  G.  0.  Bboadhbad. 

1.  Barite  from  Morgan  County^  Missouri. 

The  rocks  of  the  barite  locality  in  Morgan  County,  Missouri, 
are  of  the  a^e  of  the  Second  Magnesian  Limestone.  A  shaft  has 
been  sank  in  a  spring  through  masses  of  tumbled  rock  display- 
ing what  seemed,  in  Missouri  miners'  parlance,  to  be  a  '^  circle  " 
of  about  twenty  feet  diameter.  This  "  circle  "  was  found  to 
be  filled  with  fractured  masses  of  limestone,  sandstone  and 
clay  for  forty  feet  in  depth,  or  to  the  bottom  of  the  shaft  when 
I  visited  it.  These  masses  of  rock  were  often  found  studded 
oyer  with  beautiful  crystals  of.  barite.  The  galenite  was  also 
often  covered  with  such  crystals.  In  some  cases  a  thin  coating 
of  transparent  barite  covered  the  rock  to  which  the  crystals 
adhered,  but  they  were  often  seen  loosely  adhering  to  the 
naked  rock. 

The  form  of  these  crystals  is  different  from  any  heretofore 
found  in  Missouri.  They  are  elongated  into  prismatic  forms 
{\'%\  in  the  direction  of  the  macrodiagonal  axis  and  are  attached 
to  the  rock  by  one  of  its  extremities.  The  development  of  the 
basal  plane  gives  them  a  flattened  appearance.  The  free  ex- 
tremity of  the  crystals  is  gradually  sharpened  oif  to  a  thin 
edge  through  the  presence  of  very  low  macrodome.  This  is  so 
irregularly  developed,  however,  as  not  to  admit  of  trustworthy 
measurements,  but  seems  to  have  the  symbol  ^  The  central 
portion  of  all  the  crystals  toward  the  attached  extremity  is 
perfectly  transparent.  This  clear  portion  has  a  rhombic  form 
corresponding  to  the  fundamental  (cleavage)  prism,  and  is 
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* 
very  sharply  defined,  the  remainder  of  the  crystals  being  of  an 
opaque  milky  white. 

There  being  a  spring  of  water  in  the  mine,  the  water  may 
be  sometimes  charged  nith  an  excess  of  mineral  solutions. 
The  lead  has  probably  been  deposited  from  an  aqueous  solu- 
tion and  the  barite  from  similar  and  more  recent  solutions. 
The  waters  also  seem  to  have  subsequently  held  iron  oxide  in 
solution  as  some  of  the  crystals  of  barite  are  coated  with  it 

A  crystal  in  my  possession  from  the  Cord  ray  mines,  but 
probably  from  same  mine  as  tlie  above,  possesses  similar  char- 
acteristica  It  is  of  rhombic  form,  about  two  inches  long  and  a 
half  inch  thick ;  the  edges  are  bevelled  by  the  plains  J-t  which 
gave  on  measurement  the  angle  IV  40 .  It  has  a  border  a 
half  inch  wide  of  white  opaque  barite,  the  outer  angle  sharp, 
inner  angle  truncated,  and  the  remainder  is  clear  mineral, 
which  corresponds  in  shape  to  the  cleavage  prism;  the  direction 
of  the  cleavage  is  also  indicated  by  cracks  across  the  crystaL 
The  white  portion  of  this  crystal  would  seem  to  indicate 
alteration,  but  that  can  hardly  be  the  cause  of  the  similar 
appearance  of  the  crystals  from  the  Last  Chance  mine. 

2.   On  the  06thitefrom  Adair  County^  Missouri. 

The  Coal  measures,  it  is  well  known,  often  contain,  within 
the  thicker  shale  beds,  interstratified  beds  of  clay  ironstone, 
sometimes  in  connected  layers,  at  other  times  in  concretionary 
masses,  occurring  along  a  marked  horizon.  These  concretions 
are  often  reticulated  b^  calcite  veins,  one  system  in  concentric 
lines,  the  other  crossing  them;  they  are  generally  termed 
septaria. 

In  1878,  while  examining  the  strutjture  of  the  formations  on 
Chariton  River,  Adair  County,  Missouri,  I  broke  open  a  num- 
ber of  the  concretionary  masses  which  were  reticulated  by 
veins  of  calcite  from  a  quarter  to  half  an  inch  wide,  occasional! v 
widening  into  small  cavities  one-eighth  to  one-half  an  incn 
high,  lined  with  calcite  crystals  reposmg  on  the  more  compact 
calcite  of  the  vein.  Upon  and  sometimes  interpenetrating 
these  crystals  are  small  slender  acicular  crystals  of  black 
gothite,  generally  not  more  than  an  eighth  of  an  inch,  but 
sometimes  as  much  as  three-fourths  of  an  inch,  in  length.  The 
gothite  is  generally  aggregated  in  bundles  at  the  base  of  the 
calcite  from  which  they  radiate.  Sometimes  a  single  crystal 
will  shoot  directly  through  a  calcite  crvstal.  Sometimes  also, 
a  single  point  of  a  quartz  ci^stal  will  be  seen  penetrated  in 
various  directions  by  the  gothite.  The  calcite,  often,  has  its 
angles  bevelled  or  rounded,  and  they  were  sometimes  colored 
red  on  the  suiiace  as  was  also  a*little  of  the  gothite.  Minute 
velvetj  balls  of  gothite  not  larger  than  the  one-thirty-second 
of  an  inch  were  also  found  reposing  on  the  calcite. 

FleaMot  mi,  Ma,  Mardi,  18tt. 
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Art.  XLV. — Estimation  of  Chromium  and  Aluminium  in  Sted 
and  Iron  ;  by  Andrew  A.  Blair. 

Having  had  occasion,  several  years  since,  to  examine  a  num- 
ber of  samples  of  so-called  "Chrome-steel,"  for  the  percentage 
of  chromium,  I  began  by  searching  for  this  element  in  the  resi- 
due left  after  acting  on  the  steel  with  dilute  HCl,  as,  in  the  case 
of  cast-iron,  this  plan  is  recommended.*  Failing  to  find  it  here, 
except  in  very  small  amounts,  there  seemed  to  remain  two 
methods  of  procedure :  the  first  being  to  fuse  the  sample  with 
NajCOs  ana  ELNOs,  either  directlyf  or  after  oxidizing :j:  by 
HNOg  and  evaporating  to  dryness;  the  second,  to  treat  the 
solution  of  the  steel  containing  the  iron  as  a  ferric  salt,  with 
KHO,  NajjCOg  or  NajCO,,  and  NaCgHgOa,  in  excess,  and  in 
this  alkaline  or  acetic  acid  solution  oxidizing  the  CrQOa  to 
CrOj,,  by  means  of  Br,  01,  PbOj  or  KMn04,  which  combines  with 
the  alkali  as  a  soluble  alkaline  chromate,  while  in  the  cold  or 
upon  boiling,  the  iron  is  precipitated  as  hydrated  sesquioxide 
or  basic  acetate.§  Whil^  both  of  these  general  methods  will 
undoubtedly  give  good  results,  when  large  amounts  of  chromium 
are  present,  so  that  small  amounts  of  the  original  substance  can 
be  operated  upon,  they  present  many  objectionable  features  when 
the  percentage  of  chromium  is  small,  and  the  amount  of  steel 
or  iron  that  must  necessarily  be  used  is  correspondingly  large. 
The  principal  objections  are,  in  the  first  method,  loss  b^  spirt- 
ing auring  fusion,  and  in  both,  the  difficulty  of  washing  the 
voluminous  precipitate  of  iron  free  from  alkaline  chromate. 
A  third  general  method,  viz:  separating  the  Cr208  from  the 
FcjOg  by  means  of  C4HA,  NH4HO,  and  NH4HS,  exactly 
as  in  the  separation  of  AI2O8  and  FcjOg,  might  be  added,  but 
the  diflBculty  of  washing  such  a  mass  of  ferrous  sulphide  seemed 
quite  impracticable,  and  the  method  was  not  even  attempted. 

By  means  of  barium  carbonate,  CrjOg  may  be  perfectly  pre- 
cipitated,) and  thus  separated  from  the  great  mass  of  the  iron, 
wnich  in  a  hydrochloric  acid  solutioh  of  the  steel  would  exist 
as  a  ferrous  salt ,  Following  out  this  plan  the  result  was  the 
following  method. 

Five  grams  of  borings  or  drillings  are  weighed  out  into  a  flask 

*  Wohler's  Mioeral  AnaljaiB  (Nason),  p.  204. 

j  Watte's  Diet,  of  Chemistary,  vol.  iii,  p.  3T4. 

I  Rose's  Ohim.  Anal  Quant,  (French  ed.,  1862),  p.  987. 

§  Crookes's  Select  Methods,  p.  127.  W.  Qibbs  in  Am.  Joum.  Science  (II),  xxxix, 
58.    Chancel,  Oompt  Rendus,  xliii,  927. 

I  Bose,  Chim.  AnaL  Quant,  p.  513.  Fresenius,  Quant  Chem.  Anal.,  vi  ed.,  Eng- 
lish, p.  379. 

Am.  Jour.  8ci.— Third  Sbribs,  Vol.  Xm,  No.  78.— June,  1877. 
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of  about  one-half  liter  capacity,  twenty  cubic  centimeters  strong 
HCl  diluted  with  three  to  four  times  its  volume  of  water  poured 
in,  and  the  flask  closed  with  a  rubber  stopper,  provided  with  a 
valve,  such  as  is  used  in  dissolving  iron  wire  in  volumetric 
analysis.  Heat  is  applied  as  required,  and,  when  all  the  steel 
is  dissolved,  a  solid  stopper  is  quickly  substituted  for  the  one 
with  the  valve,  and  the  flask  and  contents  cooled.  When  cold, 
the  solution  is  diluted  with  cold  water  until  the  flask  is  about 
three-fourths  full,  and  a  slight  excess  of  BaCOs  added  with  con- 
stant agitation.  The  BaCOs  should  be  free  from  BaS04,  as  it 
obscures  the  reaction,  and  too  great  an  excess  should  be  avoi- 
y  ded.*    The  flask  should  be  thoroughlv  shaken  several  times, 

/  loosening  the  stopper  occasionally  to  allow  the  COj  to  escape, 

and  allowed  to  stand  over  night  It  is  then  filtered  as  rapialy 
as  possible,  the  flask  rinsed  out  several  times  with  cold  water, 
ana  the  precipitate  on  the  filter  (consisting  of  all  the  Cr,Ot, 
the  residue  from  the  steel  insoluble  in  dilute  HCl,  some  FcjO, 
and  the  excess  of  BaCOg^  washed  well  with  cold  water.  The 
filter  is  then  punched  ana  the  precipitate  washed  into  a  small 
clean  beaker,  the  portion  adherinc  to  the  sides  of  the  flask  dis- 
solved in  HCl,  which  is  poured  on  the  filter  and  the  filter 
cleared  from  any  FcaOg  by  HCl  and  thorough  washing  with 
hot  water. f  If  sufficient  HCl  has  not  been  used  in  clearing  out 
flask  and  washing  filter,  enough  is  now  added  to  dissolve  all 
the  PcaOj,  Cr^Oa,  BaCOg  in  the  beaker,  the  solution  diluted, 
boiled  and  the  Fe^Og  and  CrjOg  precipitated  by  NH4HO,  the 
boiling  being  continued  until  all  smell  of  NH4HO  has  disap- 

E eared.  This  precipitate  is  filtered  and  washed  thoroughly  with 
ot  water  to  cet  rid  of  all  BaClj ;  dried  and  transferred  to  a  pla- 
tinum crucible,  carefully  separating  the  filter,  which  is  ignited 
and  the  ashes  added  to  the  precipitate  (which  should  not  be 
heated).  A  mixture  of  three  grams  NajCOg  and  one-half  gram 
KNOg  is  now  added,  and  the  whole  ftised  carefully,  the  heat 
being  raised  gradually  until  all  the  KNOg  is  decomposed.  After 
cooling,  the  fused  mass  is  treated  with  hot  water,*  and  the  solu- 
ble portion  containing  the  Cr  as  alkaline  chromate,  with  the 
excess  of  the  alkalies,  separated  from  the  Fe^Og  by  filtration, 
the  precipitate  and  filter  being  thoroughly .  washed  with  hot 
water.     The  filtrate  is  acidulatSd  with  HCl,  and  evaporated  to 

*  It  is  almost  impossible  to  buy  BaCO,  free  from  BaS04,  the  very  best  brands 
containing  from  5-30  p.  c.  of  BaS04.  I  prepare  my  own  by  dissolving  BaClt  in 
water,  filtering,  adding  large  excess  of  NH4HO  and  passing  COt  into  solution, 
until  all  the  barium  is  precipitated  as  BaOO,,  washing  thoroughly,  drying,  and 
grinding  in  water  to  the  consistency  of  cream. 

f  If  it  is  desired  to  determine  the  chromium  solyble  in  dilute  HCl  alone,  or  sep- 
arately from  that  which  remains  in  the  insoluble  residue,  the  filter  should  not  be 
pundied,  but  the  FCfO,,  OsO,,  and  BaCO,,  dissolved  on  the  filter,  in  dilute  HCl, 
and  a  separate  determination  made  of  the  Cr  in  the  insoluble  residue  (whidi  re- 
mains on  the  filter)  by  burning  the  filter  and  fusing  with  NafCOj  and  KNO,. 
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dryness  with  a  little  alcohol ;  when  thoroughly  dry,  the  Cr20j 
is  dissolved  in  HCl,  diluted  and  filtered  from  silica,  the  Cr20s 
precipitated  by  NH4HO,  filtered  with  the  usual  precautions, 
Ignited  and  weighed  as  CrjOg,*  calculated  to  Cr  by  the  factor 
0-6853.     Atomic  weight  of  Cr  52*2. 

The  only  impurity  this  precipitate  can  contain  is  a  little 
AljOg,  partly  from  the  Al  in  the  steel,  and  partly  as  £^n  impurity 
in  the  NajCOs  and  KNOg.  The  best  method  for  separating 
this  impurity,  is  to  add  to  the  solution  of  alkaline  chromate 
obtained  above  (after  fusion  and  filtration  from  FcqOs)  an  excess 
of  KClOa,  then  a  slight  excess  of  HCl,  and  evaporate  to  syrupy 
consistency  on  the  water  bath,  adding  a  little  ^feClOs  from  time 
to  time,  so  that  there  may  always  be  an  excess  to  decompose 
any  HCL  Redissolve  in  water,  add  a  slight  excess  of  (1^4), 
COj,  and  boil  off  all  smell  of  the  latter,  filter,  wash  with  hot 
water,  add  to  solution  an  excess  of  HCl  and,  after  the  greater 
part  of  the  KClOs  is  decomposed,  a  little  alcohol,  and  precipi- 
tate the  CraOg  as  beforaf  In  Genth's  method  (loc.  cit)  of  evap- 
orating the  solution  of  alkaline  chromate  nearly  to  dryness  on 
the  water  bath,  with  an  excess  of  (NH4)N08,  a  minute  amount 
of  CrOg  is  reduced  to  Crfi^  and  precipitated ;  it  is  consec^uently 
filtered  off  with  the  AlaOg,  SiOa,  etc.,  and  lost,  unless  this  resi- 
due should  be  treated  separately  to  regain  this  Qvjd^  which  very 
much  complicates  the  process.  If  in  the  filtrate  so  obtained  the 
CrOg  is  precipitated  by  HgNOg  as  HggO,  Hg2Cr04,  some  of  the 
chromium  salt  nearly  always  passes  into  solution  upon  filtering, 
and  can  be  detected,  sometimes  in  very  considerable  amounts, 
in  the  filtrate.  The  same  thing  occurs  if  this  method  of  precipi- 
tation is  used,  after  neutralizing  the  solution  of  alkaline  chro- 
mate (obtained  bv  fusion  with  NaaCOg  and  KNOg,  and  filtering 
from  the  FcjjOg)  by  HNOg.  In  all  cases  I  have  obtained  the 
most  satisfactory  results  by  reducing  the  CrOg  to  Ot^O^  precipi- 
tating by  NH4HO,  and  weighing  as  Grjd^ 

This  method  for  estimating  chromium  in  steel  may  appear  a 
little  tedious,  but  quite  a  number  can  be  made  at  once  and  only 
about  three  to  four  days  is  required  for  a  complete  estimation. 
The  accuracy  is  all  that  can  be  desired  and  the  delicacy  of  the 
method  in  detecting  and  estimating  very  small  amounts,  greater 
than  that  of  any  method  I  have  used.  I  think  I  can  safely ,say 
that  it  is  delicate  to  0*005  per  cent  of  Cr.  The  amount  of 
FcaOg  usually  precipitated  by  the  BaCOg,  with  the  CrjOg  is  about 
0-05  gram. 

For  techinal  work  the  method  can  be  very  much  shortened 
by  fusing  the  precipitate  by  BaCOg,  with  NagCOg  and  KNOg  or 

*  For  precautions  neoeasary  to  free  Or«0a  from  alkaline  salts,  see  G^nth  in 
Chem.  News,  vi,  30.    Fres.  Obem.  Anal.  Quant.,  387. 

\  Dezter's  method,  see  Rose,  Chim.  Anal.  Quant.,  p.  620.  Fresenius,  Ohem.  Anal. 
Quant,  p.  372.     Pogg.  AnaL,  Ixxxiz,  142. 
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KClOs  (when  KClOj  is  used  instead  of  KNOj  the  precipitate 
must  be  thoroughly  ground  in  and  incorporated  with  the  flux 
before  fusing)  dissolving  in  water,  filtering,  and  determining  the 
CrOs  volumetrically.  The  results  obtained  in  this  way  are 
fairly  good,  but  are  apt  to  be  a  little  low. 

Aluminium,  nearly  always  exists  as  such  in  steel,  and  may  be 
estimated  with  great  accuracy  by  proceeding  exactly  as  in  the 
above  method  for  the  determination  of  chromium,  until  after 
filtering  and  washing  the  precipitate  by  BaCOj,  which  is  then 
dissolved  on  the  filter  in  dilute  HCl  and  the  solution  allowed 
to  run  into  a  small  clean  beaker.  This  solution  is  diluted, 
boiled,  and  the  barium  precipitated  by  a  slight  excess  of  dilute 
H2SO4 ;  the  BaS04  allowed  to  settle,  filtered,  washed,  and  the 
filtrate  evaporated  nearly  to  dryness  to  get  rid  of  the  excess  of 
acid.  This  solution  is  then  diluted,  and  the  Fe208,  and  AI2O8 
separated  by  C4H«0«,  NH4HO,  and  NH4HS.  If  the  steel  con- 
tains any  chromium  it  will  be  with  the  AI2O8,  and  must  be  sepa- 
rated by  fusing  the  residue  obtained  by  running  to  dryness  the 
filtrate  from  the  FeS  and  igniting  with  NajCOs,  and  KNO, ; 
dissolving  in  water  and,  without  filtering,  adding  KCIO3  and 
HCl,  as  before  in  the  separation  of  AljOg,  and  Cr208.  The  AljOs 
obtained  on  precipitating  by(NH4)2C08  will  be  contaminated 
by  small  amounts  of  SiOg,  and  CaO  (from  the  C4H«05)  from 
which  it  can  be  separated  by  dissolving  on  the  filter  in  HCl, 
after  washing  free  from  alkaline  chromate,  into  a  small  clean 
beaker,  running  to  dryness  to  render  SiO,  insoluble,  dissolving 
in  HCl,  filtering,  and  precipitating  the  AljOa  by  NH4HO,  being 
careful  to  boil  off  all  smell  of  NH4HO.  After  filtering  and 
careful  washing  the  precipitate  can  be  dried,  ignited,  and 
weighed  as  AIqOs,  calculating  to  aluminium  by  the  factor 
0  5331.     Atomic  weight,  274. 

,  The  great  solubility  of  the  Cr  of  chromium  steel  in  the  most 
dilute  HCl  certainly  seems  to  indicate  the  existence  of  a  true 
alloy  of  iron  and  chromium,  and  that  a  large  part  at  least  of  the 
chromium  exists  as  such,  and  not  as  an  oxiae  or  in  any  inter- 
mingled slag.  Mr.  E.  Eiley,*  at  a  meeting  of  the  Chemical 
Society,  March  15,  1877,  presented  some  specimens  of  chromium 
pig-iron  containing  from  six  to  seven  per  cent  of  Cr.  He  men- 
tioned the  fact,  during  his  remarks,  that  the  Cr  had  dissolved 
with  the  Fe  in  the  course  of  analysis.  The  president.  Professor 
Abel,  F.RS.,  said  that  he  had  examined  a  specimen  of  the  so- 
called  chromium  steel,  but  had  found  a  mere  trace  of  chromium 
in  it  It  was  possible  however,  he  said,  that  the  chromium 
exerted  a  function  in  the  production  of  the  steel,  but  was  elim- 
inated at  some  stage  in  the  process,  so  that  it  did  not  appear  in 
the  finished  steel. 

♦  Chemical  News,  No.  904,  March  23,  1877. 
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In  this  connection  the  following  analyses  may  not  prove  un- 
interesting, showing  as  they  do  that,  in  some  cases  at  least,  the 
chromium  does  **  appear  in  the  finished  steeL" 

Sulphur, 0-005  per  cent,  trace  trace 

Phosphorus, 0'021  "  0*020  per  cent  0*005  per  cent 

Silicon, 0-129  «  0*189  "  0*279  " 

Total  carbon, 0*825  **  0-936  "  1*199  " 

Comb,  carbon, 0*81 1  **  0*920  "  1  -1 86  « 

Graphitic  carbon,  ..  0*014  "  0*016  "  0*013  « 

Manganese, 0*246  "  0*062  "  0*039  " 

Copper, 0*007  "  0010  "  0*006  " 

Nickel, trace  0*023  «  0*021  " 

Cobalt, -0*016  "  trace  0*018  •* 

Aluminium, 0*034  "  0*029  "  0*026  " 

♦Chromium, .0*651  "  0*223  "  0*916  " 

Chromium,  soluble,.  0*615  "  0*212  "  0-899  " 

Chromium  in  residue,  0*021  ^'  trace  trace 

Slag, 0*320  "• 

The  determinations  of  Cfr  marked  *  were  made  by  the  first 
method  without  the  separation  of  Al,  and  consequently  are  a 
little  higher  than  the  sum  of  the  "  chromium  soluble  in  dilute 
HCl,"  and  "chromium  in  residue,"  which  were  determined  in 
the  portion  and  by  the  method  taken  for  estimation  of  Al. 

The  "  slag"  in  the  first  analysis  given  above,  was  determined 
by  the  "iodine"  method  and  contained  by  analysis  Fe208 
0*110  per  cent,  CraOs 0*160  percent  undetermined  0*50  per  cent, 
total  0*320  per  cent 

Laboratory  of  U.  S.  Board  appointed  to  test  Iron,  Steel,  etc.  ) 
Watertown  Arsenal,  Mass.,  April  14, 1877.  j 


Art.  XLVL — On  the  Chemical  Composition  of  Triphylite^  from 
Oraffon^  New  Hampshire;  by  Samuel  L.  Penfield.  Con- 
tributions from  the  Sheffield  Laboratory  of  Yah  College,  No. 
XLVIL 

The  rare  mineral  species,  triphylite,  is  found  at  Grafton  in  a 
granite  vein  which  has  been  extensively  worked  for  mica.  It 
occurs  imbedded  in  the  granite  in  masses  of  varying  size,  and 
occasionally  of  fifty  or  more  pounds  in  weight  The  exterior 
of  the  masses  in  some  instances  shows  evidences  of  the  decom- 
position to  which  the  mineral  is  peculiarly  liable,  but  a  large 
portion  of  the  material  is  fresh  and  unaltered.  It  has  a  light 
blue  color,  a  greasy  to.  resinous  luster  and  a  perfect  cleavage. 
Specific  gravity  =8*52.  Analyses  of  the  finely  pulverized, 
pure  mineral,  dried  over  sulpKuric  acid,  show  the  following 
composition  : 
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P205 

44-18 

43-88 

FeO 

26-09 

26-38 

MnO 
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18^24 

CaO 

•89 

•99 

MgO 

•56 

•61 

LijO 

8-77 

8^81 

K.O 

•32 

•32 

Na.O 
HgO 

•16 

•09 

1^47 

147 

100^61  100-79 

The  phosphoric  acid  was  separated  from  the  iron  and  man- 
ganese by  fusion  with  sodium  carbonate,  except  a  small  amount 
retained  with  the  iron,  which  was  separated  afterward  by 
means  of  molybdic  acid. 

The  alkalies  were  separated  from  the  iron  and  phosphoric 
acid  by  adding  a  small  amount  of  ferric  chloride  to  a  nearly 
neutral,  oxidized  solution  of  the  mineral  and  precipitating  the 
iron  and  phosphoric  acid  together  by  means  of  barium  carbon- 
ate. Care  was  taken  to  use  platinum  vessels  in  conducting  the 
evaporations.  The  total  amount  of  water  was  expelled  by 
ignition  and  determined  by  absorption  in  a  chloride  of  calcium 
tube.  Water  amounting  to  0^50  per  cent  was  driven  off  at 
100°  C.  These  results  show  the  Grrafton  mineral  to  be  richer 
in  manganese  and  lithia  than  that  from  Bodenmais. 

The  relative  number  of  atoms  calculated  from  analysis  1  are 
the  following : 

6^22 


•648  6^48 

Li 

•297  K  •OOe  5-    ^594 

Na 

•945 

The  above  gives  the  ratio  of  the  phosphorus  to  the  bases 

=•622:  ^945  or  1 :  1*52,   which  shows  the  cornposition  of  the 

mineral  to  be  that  of  a  normal  phosphate.     The  ratio  of  the 

atoms  of  the  univalent  elements  to  those  of  the  bivalent  is 

•594:  •648  =  1 :  1^09  which  gives  the  formula  10E8PO44-11E8PA 

I  II 

Rammelsberg*  deduces  the  formula  4R8P04+5R8Pa08  from 
the  most  trustworthy  analysis  of  the  Bodenmais  mineral,  but 

*  suggests  RJPO4+EJP2O8  as  possibly  the  true  formula.     The 
*  Mineraldiemie,  1875,  page  307. 


p 

•622 

Fe 

•362^ 

Mn 

•256 

Ca 

•016 

Mg 

•014 

Li  J, 

•292  ] 

K, 

•003  [ 

Naa 

•002) 

Digitized  by  VjOOQIC 


e/.  P.  Cooke — New  Mode  of  Maniptdating  Hydric  Sulphide.  427 

composition  here  obtained  for  the  Grafton  triphylite  renders  it 
almost  certain  that  this  is  the  correct  formtila  of  the  mineral. 
This  work  was  conducted  in  the  Sheffield  Laboratory  under  the 
supervision  of  Professor  O.  D.  Allen,  to  whom  I  wish  here  to 
express  my  thanka 


Art.  XLVII. —  On  a  new  Mode  of  Manipulating  Hydric  Sulphide; 
by  JosiAH  P.  Cooke,  Jr.,  Erving  Professor  of  Chemistry  and 
Mineralogy  in  Harvard  College.* 

Ik  chemical  laboratories,  where  instruction  in  qualitative 
analysis  is  given  to  large  numbers  on  the  class  system,  the  use 
of  hydric  stdphide  gas  as  a  reagent  is  attended  with  grave 
inconveniences.  These  evils  can  in  great  measure  be  avoided 
by  substituting  for  the  gas  a  solution  of  the  reagent  in  water, 
saturated  at  the  ordinary  temperature  and  pressure  of  the  air ; 
when,  as  is  well  known,  one  volume  of  water  dissolves  about 
34  volumes  of  the  gas  (measured  at  15*^  C.  and  seventy-six  centi- 
meters). Such  a  solution  was  for  a  long  time  used  in  the  labora- 
tory of  Harvard  Collega  It  was  prepared  in  a  long  series  of  two 
liter  bottles  connected  by  glass  tubes  in  the  usual  w^y,  and  the 
solution  was  kept  in  the  laboratory  in  a  large  tubulated  glass 
flask,  from  which  it  was  drawn  by  the  students,  as  occasion 
required.  This  solution  answers  almost  every  purpose  for 
which  the  reagent  is  used  in  the  ordinary  course  of  qualitative 
analysis,  and  the  few  conditions  under  which  it  does  not  give 
satisfactory  results  can  be  easily  avoided.  Moreover,  in  ease  of 
application  and  promptness  of  efiFect  it  has  all  the  advantages  of 
a  liquid  reagent ;  and  the  only  inconveniences  its  use  involves 
is  an  occasional  evaporation  of  a  solution,  which  the  dilution  by 
the  reagent  may  render  necessary.  Of  course  a  solution  of 
hydric  sulphide  is  liable  to  oxidation,  and  soon  becomes  turbid 
in  contact  with  the  air ;  but  this  change  can  be  easily  avoided 
by  fitting  to  the  neck  of  the  flask  (in  which  the  solution  is  kept), 
by  means  of  a  rubber  stopper,  a  glass  tube  dipping  under  the 
liquid,  and  connecting  this  tube  with  one  of  the  vents  of  illum- 
inating gas  in  the  laboratory. 

For  quantitative  work,  and  for  the  preparation  of  chemical 
products,  when  considerable  quantities  oi  metallic  sulphides 
must  be  precipitated,  a  solution  of  hydric  sulphide,  saturated 
under  the  ordinary  pressure  of  the  air,  is  inconveniently  dilute ; 
and  two  years  since  we  described  a  simple  method  by  which  a 
solution  concentrated  under  pressure  could  easUy  be  prepared 
with  the  ordinary  laboratory  appliances.     A  heavy  glass  bottle 

*  From  the  Prooeedings  of  the  American  Academy,  voL  xii  (N.  S.  iv),  p.  113, 1877. 
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of  about  four  liters^  capacity  served  as  a  geuerator,  and  from 
this  the  gas  passed  through  a  wash-bottle  into  two  other  bottles 
of  the  same  size  and  strength  as  the  first.  The  intermediate 
bottle  was  three-fourths  filled  with  water,  while  the  last  served 
simply  as  a  gasholder.  The  connections  were  so  arranged  that 
the  gas,  after  bubbling  up  through  the  water,  was  delivered  at 
the  top  of  the  gasholder ;  and,  by  a  tube  uniting  the  bottom  of 
the  gasholder  with  the  water-pipes  of  the  laboratory,  the  interior 
of  the  apparatus  could  be  submitted  to  the  pressure  of  a  column 
of  water  sixty  feet  high.  The  gasholder  was  also  provided  with 
an  exit  tube,  which  could  be  closed  by  a  compression  cock. 
The  connecting  tubes  all  passed  through  rubber  stoppers  which 
were  firmly  wired  to  the  necks  of  the  bottles,  ana  the  water- 
bottle  was  connected  with  its  neighbors  by  two  lengths  of  stout 
rubber  hose  so  that  the  water  could  be  shaken  up  with  the  gas 
without  disturbing  the  rest  of  the  apparatus.  In  order  to  satu- 
rate the  water  with  hydric  sulphide,  a  charge  of  ferrous  sulphide, 
sulphuric  acid  and  water  suflBcient  to  yield  at  least  three  times 
the  amount  of  gas  theoretically  required  was  placed  in  the 
generator^  and,  after  the  connections  were  made,  the  gas  was 
allowed  to  steam  through  the  apparatus  until  all  the  air  was 
displaced.  The  exit  tube  of  the  last  bottle  was  then  closed,  the 
water  pressure  turned  on  and  the  water-bottle  frequently  shaken, 
until  absorption  ceased,  and  the  aqueduct  water — at  first  forced 
by  its  pressure  into  the  gasholder — was  driven  back  into  the 
pipes.  Before  dismounting  the  apparatus,  the  rubber  connec- 
tors were  all  closed  by  compression  cocks,  and  care  was  taken 
to  vent  the  generator  gradually.  Moreover,  the  connectors 
of  the  water-bottle  were  so  arranged  that  when  the  apparatus 
was  dismounted  a  short  piece  of  rubber  hose  was  left  attached 
to  each  orifice  of  the  bottle,  both  of  which  were  closed  by  com- 
pression cocks.  To  one  of  these  a  vent  tube  was  subsequently 
attached,  and  by  this  the  solution  was  drawn  off  at  pleasure,  as 
from  a  soda-water  siphon. 

This  simple  apparatus  was  constantly  used  by  us  for  two 
years,  and  served  an  excellent  purpose ;  but  it  was  found  that 
after  the  glass  generators  had  been  charged  several  times  they 
were  liable  to  burst  under  the  same  pressure  which  at  first  they 
had  readily  sustained.  The  same  accident  never  happened  to 
the  other  bottles.  But  of  course,  if  the  pressure  is  long  contin- 
ued, bottles  of  glass  of  the  size  named,  however  well  made, 
would  be  liable  to  such  an  accident ;  and,  if  the  apparatus  is  to 
be  remounted,  it  would  be  better  to  use  a  metallic  vessel  for 
the  generator,  and  to  cover  the  glass  bottles  with  some  kind  of 
netting.  The  experience  with  the  glass  apparatus  led  us  to  seek 
to  adapt  to  the  same  purpose  some  one  of  the  various  soda-water 
apparatuses  which  are  greatly  used  in  the  United  States  for  the 
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production  of  eflfervescing  drinks.  After  examining  several  of 
tbe  patterns  in  the  market,  we  selected  for  trial  the  one  repre- 
sented below,  which  is  manufactured  by  the  firm  of  John 
Matthews,  of  New  York,  at  their  establishment, — First  Avenue, 
26th  and  27th  Streets, — in  that  city.  The  apparatus  was  de- 
signed by  them  for  preparing  that  overcharged  aqueous  solution 
of  carbonic  dioxide,  which  in  the  United  States  is  familiarly 
called  soda-water ;  but  with  a  very  slight  modification  it  can  l>e 
used  with  equal  eflBciency  for  the  preparation  of  a  similar  solu- 


tion of  hydric  sulphide.  We  have  worked  out  the  details  of 
the  process,  which  this  new  application  involves,  and  publish 
them  with  the  hope  that  the  apparatus  may  be  founa  of  as 
great  value  in  other  laboratories  as  in  our  own.  The  wood-cuts 
are  taken  from  the  catologue  of  the  firm,  who  have  kindly 
loaned  the  blocks  for  this  paper ;  and  we  would  here  express 
our  obligations  to  them  for  their  great  courtesy  and  liberality 
daring  tne  ^hole  course  of  our  experiments. 

The  apparatus  consists  of  two  parts,  the  generator  and  the 
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fountains ;  and  in  Fig.  1  the  generator  is  represented  connected 
by  a  rubber  hose  with  one  of  the  fountains,  of  which  in  practice 
we  use  three,  connected  in  a  line  by  similar  lengths  of  rubber 
hose,  like  so  many  Woolfs  bottles.  In  the  figure,  only  the 
first  of  the  line  is  represented,  which  is  set  on  trunnions  in  a 
frame,  in  order  to  facilitate  the  agitation  of  the  water  and  the 
gas.  Only  one  of  these  frames,  however,  is  required,  to  which 
the  other  fountains  can  readily  be  transferred.  A  section  of 
the  generator  is  represented  in  Fig.  2.     It  is  made  of  cast  iron, 


and  in  two  parts  (readily  distinguished  in  the  figure),  which  are 
firmly  bolted  together,  so  as  to  confine  in  its  place  the  bell- 
metal  plate  M,  which  separates  the  upper  from  the  lower  cham- 
ber. In  the  lower  chamber  is  placed  dilute  sulphuric  acid, 
which  is  poured  in  through  the  bung  A.  In  the  upper  cham- 
ber, and  resting  on  the  plate,  is  placed  coarsely  powdered 
sulphide  of  iron,  which  is  put  in  through  the  bung  B.  Through 
the  plate  M,  and  on  two  lines  at  right  angles  to  each  other, 
there  are  cut  radial  slits,  half  an  inch  wide,  which  are  guarded 
by  four  iron  arms.  These  arms  are  attached  to  Jhe  agitator 
shaft  S,  and  move  over  the  surface  of  the  plate,  alternately 
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covering  and  uncovering  the  slits,  when  the  handle  E  is  turned. 
To  the  lower  end  of  the  same  shaft  is  fastened  the  agitator  0, 
which  is  turned  simultaneously  with  the  arms  just  mentioned. 
After  the  apparatus  has  been  charged,  it  is  evident  that  by 
turning  the  handle  the  sulphide  of  iron  may  be  sifted  down  at 
pleasure  into  the  acid  water  below ;  and  the  handle  and  arms 
are  so  disposed  that  when  the  bungs  are  uncovered  by  the  han- 
dles the  slits  are  covered  by  the  arms.  From  the  generator, 
the  gas  passes  through  the  washer  E,  whose  relations  to  the 
apparatus,  as  well  as  that  of  the  pressure  gauge,  are  evident 
from  the  figure.  The  generator  is  lined  with  lead,  and  the  rest 
of  the  apparatus,  including  the  bell-metal  plate  M,  with  pure  tin. 
The  lead  lining  of  the  generator  is  seamless  and  very  heavy, 
and  aD  the  cocks  are  lined  with  block  tin  tubing.  Of  the  vari- 
ous valves,  bungs,  and  stuffing  boxes  indicated  in  the  figure,  it 
is  unnecessary  to  speak  in  detail.  It  is  sufficient  to  say  that 
they  are  of  excellent  workmanship,  and  during  a  yearns  trial 
have  kept  perfectly  tight  The  charging  bung,  B,  however,  is 
closed  by  a  safety  cap  of  peculiar  construction,  which  deserves 
special  mention,  because  it  insures  the  safety  of  the  apparatus. 
The  cap  is  represented  by  Fig.  3,  and  a  section  is  given  m  Fig.  4. 


6. 


It  will  be  seen  by  the  last  that  the  escape  of  the  compressed  gas 
from  the  generator  through  the  apertures  d  is  only  prevented  by 
a  thin  disk  a,  which  is  shown  in  detail  by  Fig.  5.  This  disk  is 
made  of  two  thin  plates :  the  lower  one,  which  comes  in  contact 
with  the  acid  spray,  is  of  lead,  and  the  upper  one  of  silvered 
copper,  whose  thickness  is  so  adjusted  that  it  must  be  at  once 
ruptured  if  the  pressure  in  the  apparatus  should  become  unduly 
great. 

Although  the  so-called  soda-water  fountains — in  which  the 
solution  01  the  gas  and  water  is  made — have  all  in  general  the 
same  simple  relation  of  parts,  they  are  constructed  of  very  dif- 
ferent materials  and  after  very  difiFerent  methods.  The  outside 
shell  may  be  either  of  hammered  copper  or  of  some  form  of 
iron,  and  this  may  be  lined  with  tin,  enamel,  or  glass.  After 
having  determined  by  experiment  that  a  solution  of  hydric 
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sulphide — especially  when  some  carbonic  dioxide  is  added — 
exerts  no  action  on  a  surface  of  metallic  tin,  except  a  very 
slight  and  superficial  staining,  we  selected  as  best  adapted  to 
our  purpose  the  steel  fountains,  also  manufactured  by  tne  firm 
of  John  Matthews,  Fig.  6."    These  are  made  of  plates  of  steel 


united  in  a  peculiar  way  invented  by  themselves  so  as  to  secure 
with  comparative  lightness  very  great  strength.  They  are 
lined  on  the  inside  with  sheet  tin,  and  the  tin  lining  forms  an 
independent  vessel,  which  alone  is  connected  with  the  bungs. 
The  tubes  and  valve  cocks  are  also  either  made  or  lined  with 
tin,  so  that  the  solution  never  comes  in  contact  with  any  other 
metal.  For  making  ordinary  soda-water,  the  fountain  requires 
only  a  single  valve,  which  connects  with  a  tube  leading  to  the 
bottom  of  the  vessel,  and  this  serves  both  to  charge  the  foun- 
tain and  to  draw  off  the  solution  when  made.  But  since  a 
solution  of  hydric  sulphide  is  rendered  turbid  if  left  in  contact 
with  even  a  small  quantity  of  air,  and  since  a  variable  amount 
of  free  hydrogen  is  always  formed  by  the  action  of  sulphuric 
acid  on  common  sulphide  of  iron,  it  was  necessary  for  our  pur- 
pose to  add  to  the  ordinary  fountain  a  vent  cock  as  shown  in 
the  last  figura  This  enables  u&  to  connect  together  several 
fountains  after  the  manner  of  Woolfs  bottles,  as  already  de- 
scribed, and,  by  passing  the  current  of  gas  through  the  whole 
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line,  to  drive  out  all  the  air  originally  in  the  apparatus,  as  well 
as  the  free  hydrogen  subsequently  evolved.  Moreover,  in  the 
preparation  of  the  solution  of  hydric  sulphide,  the  generator 
should  be  much  larger  relatively  Jo  the  fountains  than  in  the 
preparation  of  soda-water.  Thus  we  use  for  charging  the 
so-called  six-gallon  steel  fountains,  the  "  Upright  Generator," 
known  as  No.  40,  which  has  a  capacity  below  the  diaphragm 
of  sixty  liters.  It  should  be  here  stated  that  the  fountains  are 
only  rated  at  two-thirds  of  their  total  capacity,  which  is  the 
volume  of  soda-water  which  is  ordinarily  made  in  them.  They 
should  never  be  more  than  three-fourths  filled  with  water. 
But,  even  with  this  liberal  allowance  for  gas  room,  the  six- 
gallon  fountains  referred  to  will  hold  twenty-five  liters  of 
water.  It  may  also  be  stated,  although  the  fact  must  be  evi- 
dent, that  a  single  large  fountain  will  not  give  as  good  results 
as  several  small  ones  of  equal  capacity ;  since  in  expelling  the 
air  and  free  hydrogen,  as  we  have  described,  there  would  be  a 
considerable  loss  of  material,  if  only  one  fountain  were  used. 
Still,  in  laboratories  where  the  consumption  is  not  great,  the 
loss  is  not  important ;  and  the  smallest  "  Upright  Generator," 
with  one  six-gallon  fountain,  will  be  found  to  be  a  perfectly 
satisfactory  apparatus. 

Assuming  first  that  the  larger  apparatus  is  used,  the  method 
of  charing  is  as  follows :  Tne  large  generator  is  too  heavy  to 
be  readily  moved,  and  should  be  placed  so  that  the  discharge 
valve  will  empty  directly  into  a  drain.  Water  also  should  be 
brought  to  the  apparatus  by  hose, — if  possible,  both  hot  and 
cold  water, — not  onlv  for  convenience  in  charging,  but  also  in 
washing.  Finally,  there  ought  to  be  a  good  flue  in  the  neigh- 
borhood, into  which  the  waste  gas  may  be  discharged.  The 
apparatus  having  been  thus  established,  the  three  fountains — 
first  rinsed  out — are  filled  each  with  twenty-five  liters  of  dis- 
tilled water,  and  the  valves  having  been  secured,  the  fountains 
are  connected  with  each  other  and  the  generator  by  means  of 
stout  rubber  hose  as  already  indicated,  and  the  vent  valve  of 
the  last  fountain  is  connected  with  the  flue  by  a  length  of  com- 
mon gas  hose.  The  generator  is  then  charged  as  follows :  The 
handle  is  first  placed  so  as  to  uncover  the  bungs  and  cover  the 
slits  in  the  diaphragm.  Through  the  bung  A  is  now  poured 
forty  liters  of  hot  water,  heated  to  between  70°  and  80°  C.,  and 
then  five  liters  of  common  oil  of  vitriol  are  poured  very  cau- 
tiously into  the  same  bung  through  a  lead  funnel  with  narrow 
spout  provided  for  the  purpose.  The  acid  water  will  thus  be 
heated  nearly  to  the  boiling  point,  and  its  capacity  of  dissolv- 
ing ferrous  sulphate  raised  to  the  maximum.  J^ext  six  kilo- 
grams of  sulphide  of  iron — previously  sufficiently  pulverized 
to  pass  through  a  wire  sieve  with  eight  meshes  to  the  inch,  and 
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mixed  with  two  kilograms  of  marble  powder — is  run  through 
a  wide-mouth  funnel  into  the  bung  B.  The  bungs  having  been 
now  all  closed,  the  joints  of  the  apparatus  tested,  the  exit  valve 
D  of  the  generator  and  all  the  valves  of  the  fountains  opened, 
a  small  amount  of  the  powder  is  sifted  down  into  the  acid 
water  by  turning  the  handle  not  more  than  a  single  revolution, 
always  taking  care  to  leave  it  so  that  the  slits  of  the  diaphragm 
shall  be  left  covered.  The  gas  is  then  allowed  to  stream 
through  the  apparatus,  and  tested  as  it  escapes  into  the  flue, 
until  it  burns  without  explosion,  using  a  small  pneumatic 
trough  for  that  purpose.  The  air  is  now  nearlv  expelled,  and 
the  escape  of  gas  should  be  reduced  by  the  last  vent  valve 
until  the  current  only  supplies  a  small  jet,  which  mav  now  be 
attached  and  lighted  with  safety,  and  by  the  size  of  this  flame 
the  vent  may  afterwards  be  regulated.  The  handles  are  now 
slowly  turned,  and  the  pressure  in  the  apparatus  carried  up  to 
about  120  pounds.  The  valves  of  the  fountains  and  the  valve 
D  of  the  generator  are  now  all  closed,  and  the  two  last  foun- 
tains detached,  leaving  the  first  (which  is  mounted  on  a  frame 
as  represented  in  Fig.  1)  united  to  the  generator  as  before.  * 
This  IS  now  rocked  for  several  minutes  to  and  fro,  in  order  to 
thoroughly  agitate  the  water  with  the  gas.  The  stop  valve  G 
should  then  be  opened,  and  then  the  valve  D  (very  gradually), 
so  that  the  gas  may  be  admitted  slowly  to  the  fountain.  The 
valves  are  then  again  closed,  and  the  agitation  renewed,  and 
the  same  operation  is  repeated  several  times  until  no  more  gas 
is  absorbed  by  the  water  in  the  fountain,  the  pressure  in  the 
generator  meanwhile  being  maintained  at  120  pounds,  by  turn- 
ing the  handle.  The  first  fountain  is  then  removed,  and  the 
same  process  repeated  with  each  of  the  others.  At  the  close 
of  the  operation,  after  all  chemical  action  has  ceased,  there 
remains  m  the  generator — ^both  free  and  dissolved  in  the  liquid 
residue — a  large  volume  of  hydric  sulphide  gas.  This  we 
economize  by  venting  the  generator  slowly  through  Woolf s 
bottles  containing  aqua  ammonia,  and  thus  preparing  at  the 
same  time  ammonic  sulphide.  It  is  not  unimportant  to  add 
that  the  generator  should  be  emptied  before  it  cools,  and  the 
ferrous  sulphate  has  time  to  crystallize.  The  discharge  valve 
R  should  then  be  removed,  and  the  whole  apparatus  thor- 
oughly washed  out  If  the  valve  becomes  clogged,  it  can 
generally  be  cleared  by  developing  pressure  in  the  generator 
by  means  of  a  small  charge  of  ground  marble.  Otherwise, 
after  the  pressure  has  been  relieved,  and  the  upper  valves  and 
bungs  closed,  the  discharge  valve  must  be  cautiously  removed, 
and  an  opening  forced  through  the  lower  bung.  Such  details 
are  necessary  in  order  that  others  may  profit  by  our  experi- 
ence ;  but,  lest  the  details  should  convey  the  impression  that 
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the  apparatus  is  complicated,  and  that  the  process  requires 
skilled  labor,  it  may  be  stated  that  in  this  laboratory  the  appa- 
ratus is  entirely  in  charge  of  a  laboratory  servant,  and  may  be 
managed  by  any  workman  of  ordinary  intelligence.  It  does 
not  require  more  than  four  hours  to  work  over  a  single  charge, 
and  this  yields  seventy-five  liters  of  hydric  sulphide  solution 
under  a  pressure  of^l20  pounds.  According  to  our  experience, 
this  supply  lasts  with  a  class  of  one  hundred  students  in  quali- 
tative analysis  about  a  month.  For  laboratories  where  the 
classes  are  much  smaller  than  this,  we  should  recommend  the 
smallest  size  generator,  which  may  be  used  with  a  single  six- 
gallon  fountain.  The  smaller  apparatus  is  managed  in  pre- 
cisely the  same  way  as  the  larger,  only  taking  one  half  the 
quantity  of  materials.  It  is  important  as  before  to  wash  out 
in  the  first  place  all  the  air,  and  to  maintain  a  small  current  of 
gas  through  the  vent  valve  of  the  fountain  while  the  pressure 
in  the  apparatus  is  rising.  This  of  course  entails  some  loss  of 
hydric  sulphide ;  but  the  chief  loss  is  caused  by  the  venting  of 
the  generator,  and  all  this  gas  may  be  utilized  lor  the  prepara- 
tion of  alkaline  sulphides  as  described  above,  or  this  waste  gas 
may  be  used  for  washing  out  the  air  from  a  second  fountain, 
and  thus  preparing  it  for  a  subsequent  charga 

For  dispensing  the  reagent  in  our  gualitativt  laboratory,  we 
place  the  fountain  in  a  cupboard  and  connect  it  by  a  block-tin 
tube  with  a  so-called  "  draught  column," 
Pig.  7,  in   the   ventilating  hood   above.  ''• 

From  this  each  student  draws  the  reagent 
as  it  is  required.  In  quantitative  work 
we  may  draw  the  charged  water  directly 
from  the  fountain  into  the  midst  of  Xhe 
solution  to  be  treated,  using  simply  a  com- 
mon rubber  hose  terminated  by  a  glass 
tube  which  dips  under  the  surface  of  the 
liquid :  the  hose  is  attached  to  the  nipple 
of  a  cap  which  screws  on  to  the  val^e  of 
the  fountain,  and  by  confining  two  or 
more  disks  of  linen  cloth  between  the  cap 
and  the  head  of  the  valve  (like  washers) 
we  can  filter  the  solution  as  it  flows  out 
1\  is  more  convenient,  however,  to  distrib- 
ute the  reagent  to  advanced  students  in 
the  well-known  soda-water  siphon.  Fig.  8. 
These  require  no  description,  but  as  the 
simple  apparatus  used  for  filling  the  siphon 
is  not  yet  a  familiar  object  in  chemical 
laboratories,  we  give  a  figure  of  the  apparatus  (Fig.  9),  taken, 
like  our  other  cuts,  from  the  catalogue  of  John  Matthews.     By 
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pressing  the  foot  on  a  pedal  shown  at  the  base  of  the  apparatus, 
the  siphon — confined  m  a  cage — is  raised,  so  that  its  mouth  ig 
forcea  tightly  against  one  opening  of  a  valve  of  peculiar  con- 
struction, the  second  opening  of  which  is  united  by  a  block-tin 


tube  to  a  fountain  ;  whil§  at  the  same  time  the  .handle  of  the 
siphon  is  pressed  back.  On  now  pushing  the  upper  lever 
shown  in  the  cut  to  the  right,  the  valve  of  the  fountain  having 
been  previously  opened,  a  connection  is  made  between  the 
fountain  and  the  siphon ;  when  the  charged  water  rushes  into 
the  latter,  condensing  the  air  to  a  fraction  of  its  original 
volume.  If  next  the  same  lever  is  pushed  momentarily  to  the 
left,  the  first  connection  is  closed  ;  while  a  vent  is  opened, 
through  which  the  condensed  air  rushes  out  into  the  atmo- 
sphere before  the  gas  in  solution  has  time  to  escape,  and  then 
on  pushing  back  the  handle  a  further  portion  of  liquid  enters, 
nearly  filling  the  interior  of  the  bottle.  Lastly,  on  raising  the 
foot,  the  valve  of  the  siphon  shuts  at  the  same  time  that  the 
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bottle  is  lowered  and  released  from  its  cage, — the  whole  pro- 
cess being  the  work  of  a  few  seconds.  At  the  first  filling,  there 
sometimes  remains  ^  small  amount  of  air  in  the  siphon,  so  that 
the  solution  becomes  slightly  turbid  on  standing;  but  this 
effect  of  oxidation  can  be  easily  avoided  by  using  a  sufficient 
amount  of  marble  pbwder  in  charging  the  generator.  This 
siphon  unquestionably  affords  the  most  convenient  mode  of 
using  hydric  sulphide;  and  for  a  private  laboratorv  a  single 
siphon,  well  charged,  will  afford  as  ample  a  supply  as  will 
oniinarily  be  needed.  It  is  greatly  to  be  hopea  that  our 
manufacturing  chemists  may  soon  find  an  advantage  in  sup- 
plying this  important  reagent  in  such  an  elegant  form.* 

When  the  water  is  charged  as  directed  above,  it  of  course 
holds  in  solution,  besides  hydric  sulphide,  a  considerable  vol- 
ume of  carbonic  dioxide ;  and  if,  under  any  circumstances,  the 
presence  of  this  last  gas  would  produce  an  injurious  effect,  the 
marble  powder  can  be  simply  omitted  in  charging  the  gener- 
ator. In  almost  all  cases,  however,  the  carbonic  dioxide  exerts 
a  very  beneficial  influence,  and  in  several  ways.  In  the  first 
place,  it  insures  the  non-action  of  the  hydric  sulphide  on  the 
metallic  surfaces  of  the  apparatua  In  the  second  place,  it  pro- 
tects the  solution  from  the  action  of  the  air  when  it  is  drawn 
into  an  open  vessel,  so  that  after  a  metallic  sulphide  has  been 

Srecipitated  by  an  excess  of  the  reagent,  the  products  maj^  be 
igested  in  an  open  flask  or  beaker  without  fear  of  oxidation. 
In  the  third  place,  the  carbonic  dioxide  adds  greatly  to  the 
tension  of  the  confined  gas,  and  enables  us  to  develop  sufficient 
pressure  to  charge  the  siphon  without  unnecessarily  increasing 
the  strength  of  the  solution  of  hydric  sulphide. 
Chemical  Laboratory  of  Hanrard  College,  1876. 


Art.  XLVin. — Report  on  the  Physical  Investigations  carried  on 
by  P.  Herbert  Carpenter,  B.A;  in  H.M.S.  ^'Valorous^^  during 
her  Return  Voyage  from  Disco  Island  in  August,  1875 ;  by 
William  B.  Carpkntrb,  C.B.,  M.D.,  RRS-f 

In  the  first  of  the  Serial  Soundings  taken  by  the  **  Valorous," 
nearly  in  the  middle  of  Davis  Strait  and  on  the  parallel  of 
Godthaab,  the  bottom-t.emperature,  at  a  depth  of  410  fathoms, 
was  34*6®  Fahr. ;  and  the  descent  to  tnis  from  a  surface, 
temperature  of  40"*  was  nearly  uniform— 89*^,  88'',  87"*,  86°  and 

*  All  the  apparatus  here  deeoribed  maj  be  obtained  from  the  firm  of  John 
Matthews,  First  Avenue,  26th  and  27th  Streets,  New  York,  at  very  reasonable 
rates.  Be  careful  in  ordering  to  state  the  use  to  which  the  apparatus  is  to  be  put, 
with  the  caution  that  no  sUver  plating  or  lead  paint  should  bid  used  upon  it 

f  Proc;  Boy.  Soa,  voL  zxr,  No.  173,  p.  230,  June  16, 1876. 

Am.  Joub.  Soi.— Thibd  Sbbxm,  Vol,  Xm,  No.  7&— Jum,  1877. 
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• 
85®  being  met  with  at  almost  equal  intervals.  There  was  here, 
therefore,  no  indication  of  any  contrary  movement  of  different 
strata  of  water,  or  of  any  special  superheating  of  the  superficial 
stratum.  But  the  case  was  very  diflFerent  with  the  next 
much  deeper  sounding  which  was  taken  about  a  degree  further 
south,  but  still  towara  the  middle  of  Davis  Strait :  for  there 
was  here  a  surface-stratum  of  45*^,  but  of  such  extremely  small 
thickness,  that  the  isotherm  of  40**  was  reached  in  about  fifteen 
fathoms ;  from  40°  to  38°  the  interval  was  nearly  the  same  as 
in  the  previous  sounding ;  but  below  38^  the  descent  was  so 
slow  that  37°  was  not  reached  until  nearly  800  fathoms,  and  on 
the  bottom  at  1100  fathoms  the  temperature  was  still  86*4°. 
At  the  next  station,  latitude  62°  6'  N.,  longitude  55°  56'  W., 
(that  is,  another  degree  further  south,  and  at  about  the  same 
distance  from  the  Grreenland  coast),  a  depth  of  1850  fathoms 
was  met  with  ;  the  surface-temperature  was  still  45°  ;  bat  the 
bottom-temperature  was  found  to  be  34'6°,  as  in  the  410 
fathoms  sounding.  The  next  temperature-soundine  was  taken 
nearly  three  degrees  further  south  and  five  and  one-half  degrees 
to  the  west,  namely,  in  latitude  69°  10'  N.,  longitude  50°  25' 
W. ;  that  is,  a  little  to  the  south  of  Cape  Farewell,  but  still  six 
degrees  to  the  west  of  it:  here  the  surface-temperature  was 
still  45° ;  but  the  bottom -temperature  at  1,750  fathoms  had 
sunk  to  33*4°.  Finally,  a  set  of  serial  soundings  was  taken 
before  rounding  Cape  Farewell,  about  a  degree  further  south 
and  four  degrees  east :  the  surface-temperature  had  then  risen 
to  49° ;  but  the  isotherm  of  40°  was  reached  at  about  fifty 
fathoms,  that  of  39°  at  about  ninety  fathoms,  and  that  of  38° 
at  about  160  fathoms;  while  below  this  the  descent  of  the 
thermometers  was  extremely  slow  down  to  the  isotherm  of  37°, 
which  lay  at  about  1050  fathoms — becoming  more  rapid,  how- 
ever, beneath  this,  so  that  36°  was  reached  at  about  1400 
fathoms,  35°  at  about  1500,  and  34-3°  on  the  bottom  at  1660 
fathoms. 

Now  these  phenomena  seem  to  me  to  point  verv  distinctly 
to  the  existence  (1)  of  a  superheated  layer,  which  is  slowly 
moving  up  Davis  Strait,  and  gradually  losing  its  excess  of 
temperature  as  it  proceeds  north,  as  snown  by  the  gradual 
approach  of  the  isotnerms  to  the  surface ;  (2)  of  a  neutral  inter- 
mediate layer,  1,000  fathoms  or  more  in  thickness,  marked  out 
by  the  extreme  uniformity  of  its  temperature,  which  indicates 
it^^dftiUobJ^ry  condition  ;  and  (3)  of  a  aeep  cold  layer,  which  as 
cfettHy^Jeriines'  ft^  low  temperature  from  a  northern  source,  as 
therndpefffdosttstffftfiujbiddoes  from  a  southern,  and  which  must, 

*The  ;^%l{ifg^  ^YI  seem  at  first  sight  rather 

anomalous' when  ecHnparaidiwitn.^bBe^o    Stations  YU-X — the 

.TT^I  ,M>f  it-.isT  .o/*  JIIZ  ..loV  ,;iai.. 
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isotherm  of  87®  here  coining  up  within  200  fathoms  of  the  sur- 
face, while  at  only  a  degree  farther  south  it  lies  at  nearly  800 
fathoms ;  and  a  bottom-temperature  of  84 "6°  being  found  at 
410  fathoms  at  Station  VI,  while  at  Station  VIII  it  is  only 
reached  at  1,850  fathoms.  But  the  anomaly  disappears  when 
the  rapidly  increasing  depth  and  the  tendency  of  the  coldest 
water  to  gravitate  to  the  bottom  are  taken  into  account :  for  it 
appears,  from  the  temperature-soundings  taken  further  north 
toward  Disco  Island  by  the  Swedish  ship  "Ingegera,"  that 
water  as  cold  as  this,  and  even  much  colder  (81**  being  recorded 
in  one  instance),  is  there  found  at  depths  varying  between  fifty- 
eight  and  186  fathoms ;  and  it  can  scarcely  be  doubted  that 
the  water  which  is  chilled  by  the  more  severe  cold  of  Baffin's 
Bay  is  here  flowing  down  the  slope  of  Davis  Strait  Again,  it 
is  at  first  sight  an  anomaly  to  find  at  Station  VIII  a  R>ttom- 
temperature  of  84 '6®  at  1,860  fathoms,  while  the  bottom-tem- 
peratures both  to  the  north  and  to  the  south  of  it  are  84*6° ; 
out  this  only  shows  that  the  coldest  polar  water  is  flowing 
south  through  some  deeper  channel,  perhaps  in  the  western 
half  of  Davis  Strait*  And  the  same  explanation  applies  to 
the  yet  more  remarkable  fact  that  a  bottom-temperature  of 
88*4  was  met  with  near  the  mouth  of  Davis  Strait,  when  no 
such  water  was  met  with  further  north.  But  that  even  this 
does  not  carry  down  the  coldest  water  of  the  Arctic  basin,  is 
obvious  from  the  fact  brought  to  light  by  the  "Porcupine" 
temperature-soundings  in  the  "Lightning  Channel,"  (between 
the  north  of  Scotland  and  the  Faroe  Islands),  over  a  large  part 
of  whose  bottom  we  found  the  temperature  to  range  two 
decrees,  or  even  more,  beloio  82°. 

The  next  temperature-sounding,  taken  on  the  17th  of  Au- 
gust almost  exactly  in  the  meridian  of  Cape  Farewell,  and  not 
quite  two  degrees  to  the  south  of  it,  gave,  like  No.  IX,  a 
bottom-temperature  of  88*4**  at  1,860  fathoms  ;  so  that  it 
seemed  pretty  clear  that  this  is  the  temperature  of  the  coldest 
water  that  can  find  its  way  into  the  North  Atlantic  along  either 
the  west  or  the  east  coast  of  Greenland.  And  from  the  depth 
at  which  the  isotherm  85**  was  found  to  lie  in  the  1660  fathoms 
serial  sounding,  it  is  obvious  that  the  stratum  between  85*^  and 
83*4°  must  be  here  a  very  thin  one ;  while  the  upward  slope 

*  As  I  pointed  out  on  a  former  oocasionf  (Proa  Roy.  Soc.,  vol.  xx,  p.  624,  §  144), 
any  water  moying  from  either  pole  toward  the  equator  will  have  a  wesierXy  ten- 
dency in  virtue  of  its  d^idency  of  easterly  momentum ;  Just  as  water  moving  from 
the  equator  toward  either  pole  will  have  an  easterly  set,  in  virtue  of  the  excess  of 
easterly  momentum  which  it  carries  with  it.  The  later  temperature-soundings  of 
the  **  Challenger  "  in  the  South  Atlantic  have  given  the  explanation  of  the  tem- 
perature of  32 '4*^  observed  under  the  equator  in  the  first  year  of  her  voyage,  but 
not  encountered  in  any  of  the  earlier  temperature-soundings  taken  in  the  South 
Atlantic,  by  showing  that  the  coldest  Antarctic  underflow  is  met  with  on  the 
westerly  part  of  its  sea-bed. 
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wbich  is  indicated  by  the  next  sounding,  shows  that  it  must 
rapidly  die  out  toward  the  east 

The  course  of  the  '^  Valorous  *'  having  then  been  kept  at  first 
nearly  due  east,  and  afterward  southeast,  another  serial  tem- 
perature-sounding was  taken  on  the  19th  of  August,  in  latitude 
66°  11'  K,  and  longitude  87°  41'  W.  The  surface-temperature 
had  here  risen  to  53°, — ^about  the  same  as  we  had  encountered 
in  the  "Lightning  Channel,"  at  the  same  time  of  the  year, 
rather  farther  to  tne  north  ;  but  the  warm  upper  stratum  was 
here  thinner,  a  reduction  to  45°  taking  place  within  fifty 
fathoms,  and  to  40°  within  800 ;  whereas  in  latitude  69°  85'  N., 
longitude  9°  11'  W,,  we  had  found  the  isotherm  of  45°  lying 
below  500  fathoms,  while  the  bottom  at  767  fathoms  was  still 
41*4°.  It  is  obvious  moreover,  from  the  regularity  of  the  de- 
scent of  the  isotherm  of  40°  in  this  part  of  the  North  Atlantic, 
that  easting  has  more  influence  on  the  rate  of  that  descent  than 
southing — thus  confirming  the  view  formerly  expressed  as  to 
the  tendency  of  the  warm  upper  flow  toward  the  eastern  side 
of  the  basin.*  The  isotherms  of  89°  and  88°  slope  downward 
toward  the  east  at  about  the  same  rate ;  but  those  of  87°  and 
86°  still  nearly  keep  their  parallelism  to  the  surface,  confirming 
the  previous  suggestion  of  the  *•  neutrality"  of  the  deep  stratum 
which  they  underlie. 

Between  the  last  station  and  the  next,  taken  in  latitude  56° 
1'  N.,  and  longitude  84°  42'  W.,  in  the  line  of  the  channel  be- 
tween Iceland  and  Greenland,  but  considerably  to  the  south  of 
it,  the  sea-bed  was  found  to  have  shallowed  most  remarkably, 
bottom  being  struck  at  690  fathoms,  and  the  bottom-tempera- 
ture rising  again  to  88*2°.  This  elevation  may  be  r^iurded 
with  great  probability  as  a  continuation  of  that  whicn  was 
encountered  by  Sir  L.  McCIintock  in  the  line  of  temperature- 
soundings  which  he  took  several  years  ago  across  the  North 
Atlantic  between  Kockall  and  Cape  Farewell ;  for  almost 
exactly  in  a  line  between  the  "  Valorous  "  Station  18  and  Ice- 
land, Sir  K  McCIintock  met  with  bottom  at  748  fathoms, 
between  1,260  fathoms  on  the  east  and  1,159  fathoms  on  the 
west 

The  course  being  now  again  kept  nearly  due  east,  another 
temperature-sounding  was  obtainea  in  latitude  55°  58'  N., 
longitude  81°  41'  W.,  which,  on  a  bottom  of  1,280  fathoms, 
gave  a  bottom-temperature  of  86*8°,  the  surface-temperature 
beinff  54"6°.  Three  degrees  farther  east,  and  on  the  same 
parafiel,  another  set  of  serial  temperatures  was  taken,  which 
indicated  a  further  increase  in  the  upper  warm  stratum,  the 
isotherm  of  40°  descending  to  about  880  fathoms;  but  the 

*  Shearwater  Sdentlflc  Besearohes,  18t2,  §g  144,  148,  (Proo.  Boy.  Soa,  zz,  j^. 
624,  626). 
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depths  of  the  isotherms  of  89®,  88®  and  87®  show  little  change ; 
and  the  bottom  at  1,486  fathoms  was  86*6®,  as  at  the  corre- 
sponding depth  on  the  other  side  of  the  ridge.  Still  farther  to 
the  east,  in  latitude  55®  10'  N.,  longitude.25®  58'  W.,  the  depth 
was  found  to  have  still  further  increased  to  1,785  fathoms ;  but 
the  bottom  showed  no  lower  a  temperature  than  SC^®,  although 
in  the  1,750  fathoms  sounding  on  the  other  side  of  the  ridge 
the  thermometer  fell  to  more  than  three  degrees  lower. 

Bad  weather  having  come  on,  it  was  not  considered  prudent, 
in  the  disabled  condition  of  the  ship,  to  attempt  further  scien- 
tific explorations ;  and  the  course  was  accordingly  shaped  for 
Cork. 

The  Temperature-Section  prepared  from  the  serial  soundings 
taken  in  the  "  Valorous  "  after  quitting  Davis  Strait  has  been 
continued  toward  Yalentia  on  the  basis  of  the  serial  soundings 
taken  oflf  the  coast  of  Ireland  in  the  first  cruise  of  the  "  Porcu- 
pine "  in  1867,  a  sounding  in  1,268  fathoms,  latitude  56®  8'  N., 
longitude  18®  84'  W.,  being  taken  as  the  principal  guide.  This 
being  almost  on  the  same  parallel  with  the  last  serial  sounding 
of  the  "Valorous,"  (the  difference  of  latitude  being  only  half  a 
degree),  and  the  seasonal  diflference  being  rather  in  favor  of  the 
"  Valorous  "  temperatures,  it  is  extremely  striking  to  find  in 
this  section  the  most  remarkable  contrast  yet  Drought  out 
between  the  thermal  condition  of  the  eastern  and  the  western 
sides  of  the  North  Atlantic :  for  the  descent  of  all  the  isotherms 
as  they  pass  from  west  to  east,  which  has  been  already  pointed 
out  in  the  **  Valorous"  portion  of  the  section,  continues  at  an 
even  more  rapid  rate ;  so  that  the  isotherm  of  40®,  which  l(iy 
at  Station  XVI  at  880  fathoms,  lies  at  900  fathoms  at  Station 
XVII,  fifteen  degrees  to  the  west ;  while  the  isotherm  of  45®, 
which  at  the  first  of  these  stations  lay  at  eighty  fathoms  from 
the  surface,  lay  in  the  second  at  640  fathoms.  This  difference 
in  the  thickness  of  the  whole  stratum  above  the  isotherm  of 
40®  is  much  more  remarkable  than  the  difference  of  surface- 
temperature,  the  increase  of  which  between  the  first  and  the 
second  station  was  only  from  55®  to  59*6®. 

It  is  clear,  therefore,  that  the  heating  power  of  the  warm 
flow  which  comes  up  from  the  southwest  toward  the  western 
shores  of  the  British  Isles,  and  which  proceeds  onward  to  the 
northeast,  so  as  to  ameliorate  the  climate  of  the  Orkneys  and 
Shetland  Islands,  but  still  more  markedly  to  affect  that  of  the 
coast  of  Norway  (as  has  been  shown  by  Professor  Mohn), 
depends  upon  its  great  depth.  Any  such  superheated  film  as 
the  Gulf-stream  has  been  found  to  be  when  last  recognizable 
as  a  current  (as  was  long  since  urged  by  Mr.  Findlay,  and  has 
since  been  confirmed  by  Capt.  Chimmo's  observations),  must 
lose  its  excess  of  warmth  long  before  it  reaches  our  shores. 
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Hence,  as  I  have  urged  on  a  former  occasion,  the  prolonged 
heating  power  of  the  northeast  flow  depends  much  more  upon 
the  thickness  of  its  moderately  warm  stratum  than  upon  its 
bringing  with  it  a  high  surface-temperature.  A  layer  of  fifty 
fathoms  at  60^,  flowing  northeast  over  a  bed  of  ocean- water  at 
40°,  and  exposed  above  to  an  atmosphere  of  40**,  would  be 
cooled  down  to  that  standard  in  two  or  three  weeks.  But  a 
layer  of  900  fathoms  thickness,  ranging  from  40°  to  55°,  would 
retain  an  excess  of  temperature  far  longer. 

The  advocates  of  the  doctrine  that  the  vis  a  tergo  is  the  Gulf- 
stream,  which  cannot  be  traced  as  a  current  by  anv  distinctive 
feature  further  to  the  northeast  than  the  parallel  of^40®  and  the 
meridian  of  80°,  have  to  show  in  what  way  it  can  raise  the  tem- 
perature of  so  thick  a  stratum  of  ocean-water  as  we  have  seen 
to  be  affected  in  the  western  portion  of  the  North  Atlantic  by 
a  warm  flow  of  some  kind.  Whether,  as  Professor  Wyville 
Thomson  maintains,  the  approximation  of  its  boundaries  be- 
tween the  British  Islands  on  one  side  and  Labrador  and  Green- 
land on  the  other  can  possibly  produce  this  result,  is  a  point 
on  which  it  is  for  hydrographers  to  decida  For  myself,  I 
cannot  regard  it  as  probable  that  a  spent  stream  of  fifty  fathoms 
thickness  can  give  motion  to  a  vast  layer  of  900  fathoms  depth. 

On  the  other  hand,  the  doctrine  I  advocate,  that  a  thick 
upper  stratum  of  the  North  Atlantic  is  slowly  moving  pole- 
ward, to  fill  up  the  void  left  by  the  gravitation-underflow  of 
the  coldest  water  toward  the  equator,  and  that  this  stratum 
will  also  have  an  easterly  tendency  in  virtue  of  the  excess  of 
easterly  momentum  which  it  brings  with  it  from  a  lower  lati- 
tude, seems  adequately  to  account  for  the  facts  now  brought 
to  light  The  progrepsive  closing  in  of  the  boundaries  of  this 
poleward  upper  flow  will  obviously  tend  to  deepen  it.  so  as  to 
give  it  a  more  persistent  heating  power.*  In  the  South  At- 
lantic and  Southern  Indian  Oceans,  on  the  other  hand,  the  pro- 
gressive openingout  of  the  ocean-boundaries,  as  we  pass  south- 
ward from  the  equator,  will  tend  in  the  same  measure  to  reduce 
the  thickness  of  the  poleward  upper  flow,  thus  diminishing  the 
persistence  of  its  heating  power.  And  in  this,  as  it  seems  to 
me,  we  have  the  true  explanation  of  the  marked  difference 
between  the  climate  of  Kerguelen's  Land  (latitude  50°  S.),  for 

*  This  position  may  seem  inoonsistent  with  the  objection  just  tiUcen  to  the  doc- 
trine of  Sir  Wyyille  Thomsoa  But  the  inconsistency  is  only  apparent  I  cannot 
oonceiTO  that  after  the  Florida  Current  has  spread  itself  out  like  a  fan  over  the 
Mid- Atlantic,  it  can  retain  enough  via  a  tergo  to  give  a  northeast  moyement  to  a 
mass  of  water  nearly  2,000  miles  wide  and  700  or  800  fathoms  deep,  the  impelling 
force  being  progreedvely  weakened  by  Uie  obstades  to  that  movement.  On  the 
other  hand,  the  force  which  (on  the  doctrine  of  a  Thermal  circulation)  acts  as  a  t^ 
afrtmte^  grows  stronger  as  the  water  which  it  puts  in  motion  approaches  the  polar 
area,  and  thus  is  fully  competent  to  deepen  the  poleward  stratum  in  proportion  to 
the  reduction  of  its  breadth. 
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example,  or  that  of  Heard  Island  (latitude  58°  S.\  and  that  of 
Ireland,  (lying  between  the  parallels  of  51i*^  ana  64J*^  N.  lati- 
tude), the  summer  temperature  of  the  former  being  but  little 
above  the  winter  temperature  of  the  latter. 

The  "Challenger**  temperature-sections  have  most  conclu- 
sively shown  that  the  entire  warm  upper  stratum  in  the  South 
Atlantic  is  very  much  thinner  than  that  of  the  North  Atlantic; 
and  while  I  fully  admit  that  a  part  of  this  difference  is  due  to 
the  fact  that  a  far  lai^er  portion  of  the  equatorial  current  is 
deflected  into  the  latter  than  into  the  former,  I  cannot  see  that 
the  Gulf-stream  by  any  means  accounts  for  the  descent  of  the 
isotherm  of  40"^  in  latitude  56°  N.  to  a  depth  of  900  fathoms. 

The  *'  Valorous  "  temperature-soundings  seem  to  me  to  be  of 
peculiar  interest  and  value,  in  furnishing  a  satisfactory  expla- 
nation of  the  comparatively  high  bottom-temperature  of  the 
North  Atlantic.  I  have  always  attributed  this  to  the  compara- 
tive narrowness  of  the  channels  of  communication  between  the 
Arctic  and  the  North  Atlantic  basins,  which  restrict  the  flow 
of  the  coldest  polar  water  from  the  former  into  the  latter ;  and 
long  before  the  "Challenger"  Expedition  sailed,  I  had  ven- 
tured the  prediction  that  the  South  Atlantic,  on  account  of  the 
perfect  freedom  of  its  communication  with  the  Antarctic,  would 
nave  a  colder  bottom,  and  that  the  influence  of  the  Antarctic 
underflow  would  probably  extend  to  the  north  of  the  equator. 
By  Sir  Wyville  Thomson,  on  the  other  hand,  it  was  argued 
from  the  commencement  that  the  whole  cooling  of  the  deep 
stratum  of  the  North  Atlantic  is  due  to  the  Antarctic  underflow ; 
and  this  conviction  he  repeats  in  his  last  utterance  on  the  sub- 
ject, on  the  ground  of  the  continuity  of  the  isotherms  from  the 
South  into  the  North  Atlantic*  The  question  arises,  however, 
why  the  deep  stratum  of  the  North  Pacific,  which  is  undoubt- 
edly fed  ivom  the  Antarctic,  should  be  so  decidedly  colder,  as 
the  "  Challeiiger '*  and  "Tuscarora"  soundings  show  it  to  be, 
than  the  deep  stratum  of  the  North  Atlantic ;  and  this  ques- 
tion appears  to  me  to  find  an  entirely  satisfactory  answer  in 
the  indication  furnished  by  the  Second  Section,  that  the  Arctic 
Basin  is  for  the  most  part  separated  from  that  of  the  North  At- 
lantic by  an  intervening  ridge,  which  (like  many  similar  ridges 
discovered  by  the  "Challenger")  allows  water  of  about  86°, 
but  not  colder  water,  to  pass  from  the  former  into  the  latter. 
The  limited  contributions  of  colder  water  furnished  by  BaflSn's 
Bay  and  the  "  Lightning  Channel  "  would  help  to  reduce  the 
deep  temperature  of  the  North  Atlantic  generally  to  the 
85°-S6°  shown  in  the  "Challenger"  Sections;  but  it  is  only 
when,  on  approaching  the  equator,  a  bottom-temperature  below 
this  first  shows  itself,  that  I  can  recognize  the  influence  of  the 
Antarctic  underflow. 

*  Proceedings  of  the  Bojal  Sode^,  vol  xxiv,  p.  632. 
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I  forbear,  however,  to  discuss  this  subject  more  fully  at 
present,  the  Admiralty  not  having  yet  published  the  final 
installment  of  the  **  Challenger  "  temperature-sections.  And  I 
shall  confine  myself  to  an  expression  of  my  earnest  hope  that 
the  ship  to  be  sent  next  year  to  communicate  with  the  Arctic 
Expedition  may  have,  as  part  of  its  work,  the  completion  of 
that  which  the  "Valorous"  was  disabled  from  perrorming — 
namely,  the  obtaining  a  continuous  temperature-section  between 
Iceland  and  Greenland,  and  another  across  Davis  Strait. 


Art.  XLIX. — On  the  Influence  of  Geological  Changes  on  the 
Earth's  Axis  of  Botatif/n  ;*  by  George  H.  Darwin,  M.A., 
Fellow  of  Trinity  College,  Cambridge.  Received  by  the 
Royal  Society  October  18,  1876.t 

The  subject  of  the  fixity  or  mobilitv  of  the  earth's  axis  of 
rotation  in  that  body,  and  the  possibility  of  variations  in  the 
obliquity  of  the  ecliptic,  has  of  late  been  attracting  much 
attention ;  but  the  author  believes  that  it  has  not  hitherto  been 
treated  at  much  length.  The  paper,  of  which  the  following  is 
an  abstract,  is  an  attempt  to  investigate  the  results  of  the  sup- 
position that  the  earth  is  slowly  changing  its  shape,  with 
especial  reference  to  the  effects  on  "the  obliquity  of  the  ecliptic 
and  on  the  geographical  position  of  the  earth's  axis  of  figure. 

1.  This  part  of  the  paper  is  devoted  to  the  consideration  of 
the  precession  and  nutations  of  an  ellipsoid  of  revolution  which 
is  slowly  and  uniformly  changing  its  shape.  The  change  is 
supposed  to  proceed  from  causes  internal  to  the  earth,  and  only 
to  continue  so  long  as  the  total  changes  in  the  principal 
moments  of  inertia  C  and  A  remain  small  comparea  to  their 
difference,  C — A. 

The  problem  is  treated  bj  means  of  M.  Liouville's  extension 
of  Euler's  equations  of  motion  of  a  rigid  body  about  a  pointf 
By  an  approximate  method  these  equations  may  be  treated  as 
linear,  and  the  solution  divided  into  two  parts. 

Let  0  be  the  obliquity  of  the  ecliptic ;  n  cosec  0  the  preces- 
sion of  the  equinoxes ;  — n  the  angular  velocity  of  rotation  of 

*  Since  this  paper  was  in  manusoript  Sir  William  Thomeon  has  deUTered  his 
addrees  to  the  Mathematical  Section  of  the  British  Association  at  Glasgow.  Hie 
therein  touches  on  this  subject,  and  gives  some  of  the  results  attained  here ;  but 
as  he  has  not  stated  how  he  has  attacked  the  problem,  and  as  the  subject  has  been 
reoenUj  attracting  much  attention,  the  author  still  yentures  to  oflEer  his  paper  to 
the  Boyal  Sodetj. 

f  Abstract  of  Mr.  Darwin's  Memoir,  from  the  Proceedings  of  the  Boyal  Sode^ 
XXV,  No.  176,  328. 

f  Liouv.  Journ.,  3«  s^e,  t  iii,  1868,  p.  1 ;  Bouth's  Bigid  Dynam,  p.  150. 
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the  ellipsoid;  A+a<,  A+6<,  C+c<  the  principal  moments  of 
inertia  at  the  time  t.  Then  it  is  shown  that  tne  secular  effect 
on  the  obliquity  of  the  ecliptic,  as  resulting  from  the  motion  of 
the  principal  axes  in  the  body  (which  constitutes  the  first  part 
of  the  solution),  is  given  by  the  equation 

^__J[I  a+ft--2c 
dt         2«        A      » 

and  as  resulting  from  the  change  in  the  impressed  forces,  due 
to  the  change  of  shape  of  the  body  (which  constitutes  the  second 
part),  is  given  by 

^_  n  a-|>ft-2c 
dt'^Yn     C— A   • 

The  former  part  maj  be  neglected  compared  with  the  latter. 
But  from  such  geological  changes  as  we  are  entitled  to  assume 
in  the  case  of  the  earth,  the  total  change  in  the  oblic[uity  of  the 
ecliptic  must  be  exceedingly  small.  Even  gigantic  polar  ice- 
caps during  the  Glacial  penod  could  not  have  altered  the  pjosi- 
tion  of  the  arctic  circle  by  so  much  as  three  inches ;  and  this  is 
the  most  favorable  redistribution  of  matter  on  the  earth's  sur- 
face for  producing  that  eflFect  Thus  the  obliquity  of  the 
ecliptic  has  remained  sensibly  constant  throughout  geological 
history. 

It  is  also  shown  that,  during  anv  gradual  deformation  of  the 
ellipsoid,  the  instantaneous  axis  or  rotation  will  always  remain 
sensibly  coincident  with  the  principal  axis  of  figure. 

In  the  course  of  the  work  oy  which  the  previous  results  are 
attained  there  is  shown  to  be  a  small  inequality  in  the  motion 
of  the  instantaneous  axis,  in  consequence  of  which  that  axis 
describes  a  circle  with  uniform  velocity,  and  is  coincident  with 
the  axis  of  figure  every  806th  day  (in  the  earth).  This  circle 
touches  the  meridian  along  which  the  axis  of  figure  is  traveling 
in  consequence  of  the  deformation  of  the  eartn's  shape.  The 
diameter  of  the  circle  is  shown  in  a  particular  case  (not  unfavor- 
able to  produce  a  large  effect)  to  be  less  than  jtt"'  ^^^ 
although  this  inequality  appears  to  be  so  small,  it  is  of  interest 
and  is  discussed  at  some  length.  It  is  shown  that,  if  the  earth 
be  not  quite  rigid,  this  inequality  might  have  the  effect  of 
modifying  the  path  of  the  axis  of  figure  in  the  body,  in  con- 
sequence of  reaajustments  to  a  figure  of.eauilibrium. 

Various  hypotheses  as  to  the  power  of  adjustment  are  con- 
sidered, and  the  paths  of  the  instantaneous  and  principal  axes 
in  the  precession  of  a  viscous  spheroid  undergoing  deformation 
are  found. 

It  is  maintained  that  although  the  earth  may  be  sensibly  rigid 
to  the  tidally  deforming  forces  exercised  by  the  sun  and  moon, 
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it  would  not  be  so  to  considerable  departures  from  the  figure 
of  equilibrium,  such  as  would  arise  from  a  wandering  of  the 
pole  of  figure  from  its  initial  position;  and  that  readjustments 
to  an  approximate  form  of  equilibrium  probably  take  place,  at 
considerable  intervals  of  time,  impulsively  by  means  of  earth- 
quakes. Such  periodical  adjustments  would  not  sensibly 
modify  the  geographical  path  of  the  principal  axis  as  due  to 
terrestrial  deformation.  But  it  is  held  that  during  the  con- 
solidation of  the  earth  there  must  have  been  great  instability  in 
the  geographical  position  of  the  poles.  Throughout  the  rest  of 
the  inquiry,  however,  the  hypothesis  of  the  earth *8  sensible 
rigidity,  together  with  the  possibility  of  more  or  less  rare 
impulsive  readjustments  to  the  figure  of  ^uilibrium,  is  adhered 
to.  In  consequence  of  these  results  dynamical  considerations 
may  be  dismissed,  and  it  only  remains  to  consider  the  kinemati- 
cal  question  of  the  change  in  the  earth's  principal  axes  due  to 
any  deformation  of  its  shape. 

2.  Formul»  for  this  end  are  here  found,  and  are  adapted  for 
numerical  calculation.  It  is  assumed,  in  the  first  place,  that 
the  deformation  is  such  that  there  is  no  change  in  the  strata  of 
equal  density ;  and  accordingly  all  suppositions  as  to  the 
nature  of  the  internal  changes  accompanying  geological  up- 
heaval and  subsidence  are  set  aside. 

8.  The  forms  of  continent  and  depression  are  next  investi- 
gated, which,  for  the  transport  of  a  given  quantity  of  matter 
from  one  part  of  the  earth's  surface  to  another,  would  cause  the 
maximum  deflection  of  the  principal  axis  of  greatest  moment — 
subject,  however,  to  the  condition  that  the  layer  excavated  or 
piled  up  shall  nowhere  exceed  a  given  small  fraction  of  the 
earth's  radius. 

It  is  shown  that  the  continents  and  depressions  must  be  of  uni- 
form height  and  depth  ;  there  must  be  two  of  each,  all  similar  to 
one  another ;  that  each  has  one  of  its  own  kin^  diametrically 
opposite  to  it ;  that  they  are  in  shape  sphero-conics,  formed  by 
the  intersection  of  a  certain  elliptic  cone  with  the  sphere; 
that  the  centers  of  the  four  sphero-conics  are  all  on  the  same 
complete  meridian  and  all  in  latitude  46^.  A  table  of  numeri- 
cal results  depending  on  the  values  of  certain  elliptic  functions 
is  given. 

4.  In  this  part  an  endeavor  is  made  to  collect  evidence  as  to 
the  extent  to  which  the  earth  may  have  undergone  deformation 
from  geological  changea  The  object  is  to  discover  what  are 
the  largest  areas  over  which  there  has  been  a  consentaneous  rise 
or  fall,  and  what  is  the  greatest  vertical  amount  of  that  rise  or 
fall ;  also  to  determine  how  the  erosion  of  the  land  and  the  sea 
aifect  the  local  excesses  or  deficiencies  of  matter  on  the  earth's 
surface.     The  areas  and  amounts  of  elevation  and  subsidence 
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which  on  a  sealess  and  rainless  globe  are  equivalent,  as  far  as 
producing  excesses  or  deficiencies  of  surface  matter,  to  those 
which  obtain  on  the  earth  are  referred  to  as  "  effective ;"  and  it 
is  only  the  effective  elevation  or  subsidence  which  we  require 
to  know  in  order  to  determine  the  shift  of  the  earth's  azis. 

The  evidence  as  to  area  is  very  meager,  because  precise 
boundaries  to  regions  of  elevation  and  subsidence  cannot  be 
assigned ;  but,  faute  de  mieva^  the  author's  father,  Mr.  Charles 
Darwin,  marked  out  for  him  on  a  map  an  area  in  the  Pacific 
Ocean  which  (on  account  of  the  structure  of  the  coral  islands) 
he  believes  to  have  undergone  subsidence  within  a  recent 
geological  period.  From  a  consideration  of  this  and  of  other 
points  the  author  believes  that  from  y',  to  ^V  of  the  whole 
earth's  surface  may,  from  time  to  time,  have  undergone  eleva- 
tion and  subsidence.  The  greatest  vertical  effective  amount  of 
rise  or  fall  cannot  be  determined  from  geological  evidence, 
because  of  the  effects  of  erosion  and  of  the  influx  of  the  sea  into 
parts  below  the  mean  level  of  the  earth. 

The  only  way  of  determining  the  point  seems  to  be  to  find 
what  is  the  difference  of  mass,  standing  on  unit  area  of  the 
earth's  surface,  in  an  ocean  of,  say,  16,000  feet  deep,  and  in 
land  of,  say,  1100  feet  high.  From  this  difference  of  mass  the 
effective  elevation  of  an  ocean-bed  in  its  conversion  into  land 
can  be  at  once  determined.  Taking  the  above  numbers,  it  is 
found  to  be  10,436  feet;  and  in  the  examples  given  in  the 
following  part,  the  deflection  of  the  polar  axis,  for  an  assumed 
effective  elevation  of  10,000  feet,  is  given  in  each  case. 

It  is  then  pointed  out  that,  if  the  deformation  of  the  earth 
were  of  very  wide  extent,  the  level  surface  of  the  sea  would 
approximately  follow  the  rocky  surface,  and  that  thus  there 
might  be  sufficient  change  in  the  earth's  shape  to  sensibly  affect 
the  position  of  the  principal  axis,  without  there  being  any 
geological  sign^  of  elevation  or  subsidence. 

5.  Numerical  application  is  now  made  of  the  preceding  work 
to  the  case  of  the  earth,  and,  as  before  stated,  all  the  results  are 
given  for  10,000  feet  of  effective  elevation. 

The  first  application  is  to  continents  and  seas  of  maximum 
effect,  and  a  table  of  results  is  given.  It  may  be  here  stated 
that  if  TBT  of  the  earth's  surface  is  elevated,  the  deflection  of 
the  pole  is  Hi' ;  if  Vt,  l""  46*' ;  if  j\,  8^  17' ;  and  if  f  8°  4^.* 
In  each  case  an  equal  area  is  supposed  to  fall  simultaneously. 

Other  examples  are  then  given  for  continents  and  seas  which 
do  not  satishr  the  maximum  condition  ;  in  some  the  boundaries 
are  abrupt  cliffs,  in  others  shelving. 

The  conclusion  is  arrived  at,  that  a  single  large  geological 

*  The  area  of  Africa  is  about  '069,  and  of  South  America  about  '033  of  the 
earth's  surface. 
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produce  an  alteration  in  the  position  of  the  pole  of  from  one  to 
change,  such  as  those  which  obtain  on  the  earth,  is  competent  to 
three  degrees  of  latitude,  on  the  hypothesis  that  there  is  no 
change  in  the  law  of  internal  density. 

6.  Various  hypotheses  as  to  the  nature  of  the  internal  changes 
accompanying  the  deformation  of  the  earth  are  discussed. 

First,  it  is  shown  that  if  upheaval  and  subsidence  are  due  to 
a  shrinking  of  the  earth  as  a  whole,  but  to  the  shrinking  being 
quicker  than  the  mean  in  some  regions  and  slower  in  others, 
tne  results  are  the  same  as  those  previously  attained. 

Second,  the  increase  of  surface  matter  due  to  the  deposit  of 
marine  strata  also  gives  the  same  results. 

Third,  the  hypothesis  that  upheaval  and  subsidence  are  due 
to  the  intumescence  or  contraction  immediately  under  the 
regions  in  question  is  considered.  Under  certain  special  as- 
sumptions, too  long  to  recapitulate,  it  is  shown  that  tne  previ- 
ous results  must  be  largely  reduced.  A  table  of  the  values  of 
the  reducing  factor  for  various  thicknesses  of  the  intumescent 
strata  is  given ;  from  which  it  appears  that  if  the  stratum  is 
tolerably  thin  and  at  all  near  the  surface,  the  deflection  of  the 
pole  is  reduced  to  quite  an  insignificant  amount.  Even  if  the 
intumescence  extends  right  down  to  the  center  of  the  earth  in  a 
cone  bounded  by  the  elevated  region,  the  results  would  be  only 
about  I  of  the  former  onea  Hence  it  appears  that  the  earlier 
results  can  only  be  stated  as  a  superior  limit  to  what  is  possible. 

7.  In  conclusion  it  is  pointed  out  that  if  the  earth  be  quite 
rigid,  no  redistribution  of  matter  in  new  continents  could  ever 
cause  the  deviation  of  the  pole  from  its  primitive  position  to 
exceed  the  limit  of  about  S**.  But  if  the  previously  maintained 
view  is  correct,  that  the  earth  readjusts  itself  periodically  to  a 
new  form  of  equilibrium,  then  there  is  possibility  of  a  cumula- 
tive effect;  ana  the  pole  may  have  wandered  some  10**  or  15° 
from  its  primitive  position,  or  have  made  a  smaller  excursion 
and  returned  to  near  its  old  place.  No  such  cumulation  is 
possible,  however,  with  respect  to  the  obliquity  of  the  ecliptic. 

It  is  suggested  that  possibly  the  glacial  period  may  not  have 
been  really  one  of  great  cold,  but  that  Europe  and  North 
America  may  have  been  then  in  a  much  higher  latitude,  and 
that  on  thepole  retreating  they  were  brought  back  a/^in  to  the 
warmth.  Tnere  seem  to  be,  however,  certain  geological  objec- 
tions to  this  view. 
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Art.  L. — On  a  Base  derived  Jrom  a  Waste-product  in  the  Aniline 
Manufacture;  by  C.  LoRiNG  JACKSON. 

In  the  spring  of  1876  under  the  direction  of  Prol  A.  W. 
Hofraann  I  investigated  a  waste-product  from  the  factory  of. 
Drs.  Martins  and  Mendelssohn-Bartholdy  at  Bummelsburff  near 
Berlin,  which  was  obtained  after  the  toluidine  had  passed  over 
in  the  annual  rectification  of  the  highest  fractions  from  the 
aniline-oil  distillation.  The  results  I  then  obtained  were  pub- 
lished in  the  Berichte  der  Deutschen  Chemischen  Gesellschaft 
fpr  1875,  paffe  968,  and  may  be  briefly  restated  as  follows  by 
way  of  introduction  to  my  subsequent  work. 

The  substance,  a  black  oily  liquid,  was  dissolved  in  strong 
hydrochloric  acid,  and  freed  from  tar  by  repeated  filtration ; 
the  oily  base  set  free  by  sodic  hydrate  was  then  fractioned,  and 
yielded  at  first  xylidine  and  allied  bodies  which  were  not 
farther  examined  ;  later  a  fraction  from  280®  to  820®  which, 
after  removal  of  naphtylamine  with  dilute  sulphuric  acid,  was 
converted  into  a  nitrate  and  purified  by  crystallization ;  it  then . 
formed  radiated  groups  of  white  needles  which  gave  on 
analysis : 

Calculated  for  G|3H,4NN0«.  Obaenred. 

Carbon 68-41  63-88 

Hydrogen... 6-69  6-66 

By  heating  with  nitric  acid  a  magenta-colored  substance  was 
formed  which  rendered  it  very  difficult  to  obtain  the  salt  whita 

The  sulphate  was  very  soluble. 

The  chloride  C,  ,H,  ^iTCl  crystallized  in  white  flat  needles. 

^he  platinum  salt  (C,  ,H,4N),PtCl,  crystallized  in  very 
characteristic  fan-like  groups  of  sparingly  soluble  light  yellow 
needles  often  more  than  half  a  centimeter  long.  The  analysis 
gave 

Galcolated.  Found. 

Platinum 26-36  26-39 

Carbon 40-08  3878 

Hydrogen  ^ 8-69  3-82 

The  free  base  C,  ,H,  ^N  was  obtained  as  an  oil  which  gave 
with  chloroform  and  potassic  hydrate  a  smell  similar  to  that  of 
the  isocyanides;  it  was  therefore  a  primary  amine,  and  its  form- 
ula must  be  written  C,  ,H,  ,NH,. 

An  cuxt-compound  C,  ,H,  jNHCjHjO  was  also  prepared  by 
the  action  of  acetyl-chloride  on  the  free  base ;  it  crystallized  in 
white  needles  and  melted  at  114^*26.  At  that  time  also  some 
attempts  were  made  to  obtain  syntheticallv  a  base  with  the 
same  formula,  but  the  results  were  not  puolished 
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At  the  beginning  of  the  next  year,  T.  Camellj*  described  a 
base  C,  ,H,  ,NH,  formed  by  the  reduction  of  mononitrotolyl* 
phenyl  made  synthetically,  but  as  he  did  not  describe  either 
the  acet-compound  or  the  platinum  salt  there  were  no  data  for 
a  comparison  of  his  base  with  mine ;  to  famish  such  data  is 
the  object  of  the  present  paper.  Camelly  found  that,  on  addi- 
tion of  sodic  hydrate  t6  a  salt  of  his  base  and  extraction  with 
ether,  on  evaporating  the  ether  "  an  oily  body  was  first  pro- 
duced from  which  there  separated  out  a  small  quantity  of 
needle-shaped  tufts.  The  melting-point  of  these  after  careful 
drying  was  found  to  be  93^-97^'*  Under  the  same  conditions 
my  base  also  furnished  an  oil,  but  at  the  time  of  the  investiga- 
tion in  Berlin  I  observed  no  crystals.  In  the  hope  that  longer 
standing  would  cause  it  to  solidify  I  have  since  the  publication 
of  Camelly's  paper,  precipitated  the  small  quantity  of  the  salts 
of  my  base  still  at  my  disposal  with  sodic  hydrate  and  allowed 
the  Drown  oil  thus  obtamed  to  stand  under  a  bell-jar ;  after 
several  days  crystals  appeared,  and  in  a  few  weess  it  had 
changed  nearly  completely  into  good-sized  prismatic  crystals 
arranged  in  pennate  groups  which  broke  up  on  pressure  into 
rough  octahearal  masses.  Freed  by  means  of  filter-paper  from  a 
little  adhering  brown  oil  these  crystals  melted  at  46-70® ;  from 
an  ethereal  solution  the  substance  separated  as  a  brown  oil 
solidifying  on  stirring  to  pennate  plates  with  the  same  melting- 
point  as  before  recrystaliization.  The  crystals  were  insoluble 
m  water,  freely  soluble  in  alcohol,  ether  and  benzol,  and  in- 
stantly converted  by  hydrochloric  acid  into  a  chloride  which 
dissolved  easily  in  water  and  was  obtained  crystallized  in  white 
flattened  needles  two  and  a  half  centimeters  long  melting  with 

Eartial  decomposition  near  200®,  whereas  Camelly^s  crystalline 
ase  when  heated  with  hydrochloric  acid  **  dissolved  only  after 
long  boiling;  on  cooling,  small  fine  white  silky  needles  were 
deposited,  which  were  separated  from  the  mother- liquor,  washed 
with  a  little  water  and  dried  over  lime,  after  which  they  were 
found  to  melt,  with  blackening,  at  280''  to  283®." 

From  this  comparison  it  is  evident  that  the  base  described 
by  Camelly  is  not  identical  but  isomeric  with  that  obtained  by 
me,  and  this  view  is  further  confirmed  by  the  fact  that  the 
fan-shaped  crystal-groups  of  the  platinum  salt  of  my  base 
were  so  characteristic  tliat  Camelly  would  have  certainly  de- 
scribed them  had  his  platinum  salt  appeared  in  this  form. 

Finally,  it  is  worth  mentioning  that  in  1876  I  had,  as  an- 
nounced" at  the  end  of  my  first  paper,  attempted  to  prepare 
synthetically  a  base  with  this  formula,  and  even  after  the  publi- 
cation of  Camelly*s  paper,  as  my  method  was  different  from  his, 
I  determined  to  bring  the  experiments  for  which  I  had  pro- 
*  Joum.  Chem.  Soa,  n,  xiy,  21. 
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vided  material  to  a  conclusion  before  abandoning  the  field  to 
him ;  the  work  however  was  delayed  by  other  and  more  im- 
portant researches  and  it  was  not  until  this  winter  that  I  was 
read^  to  examine  the  products  of  the  reaction  of  sodium  on 
a  mixture  of  parabromanilin  and  parabromtoluol;  just  as  I 
had  proved  the  absence  of  any  base  other  than  bromanilin  I 
received  the  paper*  Ueber  erne  neue  Bildung  des  Azoben- 
zols  by  R  Anscnuetz  and  G-.  Schultz  and  guided  by  it  have 
succeeded  in  detecting  also  the  azobenzol.  I  can  therefore  con- 
firm the  results  recorded  in  that  paper  in  every  particular. 

To  avoid  interfering  with  any  of  the  above-named  gentle- 
men I  intend  to  abandon  this  line  of  researcL 

Caiemioal  Labontc^  of  Harvard  UniTersity,  Gambridge,  liaaa.,  ICarch  3d,  187t. 


Abt.  LL — On  an  association  of  Oold  with  Scheelite  in  Idaho; 
by  B.  SiLLIMAN. 

A  CORRESPONDENT  in  Idaho  has  lately  sent  me  a  specimen, 
obtained  from  a  mineral  vein,  in  which  native  gold  is  associated 
with  scheelite  and  quartz.  On  account  of  some  resemblance  in 
color  to  grossular  garnet,  the  miners  mistook  the  scheelite  for 
this  species.  But  the  high  density  of  the  mass  at  once  attracts 
attention  and  a  trial  for  hardness  alone  proves  it  is  not  garnet 
The  pyrognostic  characters  also  show  the  absence  of  silica  and 
the  presence  of  tungstic  acid.  The  powdered  mineral  treated 
with  hydrochloric  acid  develops  at  once  the  characteristic  yellow 
of  tunffstic  acid,  and  zinc  converts  this  solution  to  the  familiar 
blue  of  tungstic  oxide. 

The  gold  appears  in  the  scheelite,  intimately  associated  with 
a  small  amount  of  pyrite,  interspersed  in  the  mass  of  scheelite 
and  quartz.  The  pyrite  is  considerably  decomposed,  yielding 
yellowish-brown  oxide  of  iron,  and  some  green  stains  indicate 
also  chalcopyrite,  traces  of  which  are  detected  by  close  obser- 
vation. Leucopyrite  is  also  present  in  minute  quantities.  But 
the  total  quantity  of  sulphides  is  certainly  not  over  1  to  1^  per 
cent  of  the  mass,  if  so  much. 

The  scheelite  is  massive,  with  few  crystalline  faces ;  its  color 
is  yellow-brown,  resembling  chondrodite.  Portions  of  it  are 
quite  free  from  quartz  or  any  mineral  but  gold.  I  found  the 
density  of  the  entire  mass  (weighing  879*42  grams^  to  be  8*27. 
Taking  the  density  of  quartz  =2-66,  and  of  scheelite  =6»  and 
disregarding  the  minor  constituents  of  the  mass,  the  proportions 
of  these  two  minerals  is  as  270 :  109 '87,  or  2*46  parts  of  quartz 
to  1  part  of  scheelite.  This  is  doubtless  much  above  the  aver- 
*  Ber.  Denttch.  Ohem.  GNwalliiohaft,  ix,  1898. 
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age  amoQDt  of  scbeelite  in  the  vein,  as  a  whole,  bat  the  high 
density  of  the  tangstate  renders  its  separation  from  quartz  b7 
mechanical  dressing  an  easy  matter,  and  suggests  this  as  a  val- 
uable resource  for  tungstic  acid,  the  value  of  which  in  the  form 
of  sodic  tungstate,  for  fire-proofiog  textile  fabrics,  is  well  un- 
derstood.    DKolity. — Charity  Mine„  Warren's,  Idaho  Territory. 

My  correspondent  says:  "The  miners  on  this  ledge  (lode) 
lately  struck  a  pocket  of  ore  similar  to  that  I  send,  and  in  a 
few  evenings  pounded  out  in  a  hand  mortar  about  one  thousand 
dollars,  gold  value,  from  a  few  candle  boxes  full  of  ore.  The 
ore  usually  pays  about  twenty  dollars  per  ton." 

The  affinities  of  mineral  association  indicate  that  cassiterite 
and  wolfram  may  reasonably  be  looked  for  in  the  future  explor- 
ation of  this  interesting  vein. 

Since  writing  the  above,  I  have  learned  of  another  and  much 
more  interesting  example  of  the  occurrence  of  gold  in  scheelite, 
from  Golden  Queen  Mme,  Lake  Co.,  Colorado.  The  gold  is  in 
minute  crystalline  granules  in  the  scheelite  and  nils  what 
appears  to  have  been  a  geode  of  scheelite  crystals. 

New  Hayen,  April  19,  187t. 


Art.  LIL — Nintk  Report  of  the  British  AssociaHoni  Committee^ 
appointed  for  the  purpose  of  investigating  the  Rate  of  Increase 
of  Underground  Temperature  downward  in  various  Localities  of 
Dry  Land^  and  under  Water ;  drawn  up  by  Prof.  Everett, 
Secretary  of  the  Committee.* 

A  REMARKABLE  scrics  of  observations  have  recently  been 
taken  in  a  boring  at  Sperenberg,  near  Berlin.  The  bore  was 
carried  to  the  depth  of  4,052  Rhenish  (or  4,172  English)  feet, 
and  was  entirely  in  rock  salt  with  the  exception  of  the  first 
283  feet,  which  were  in  gypsum  with  some  anhydrite.  The 
observations  were  taken  under  the  direction  of  Herr  Eduard 
Dunker,  of  Halle-an-der-Saale,  and  are  described  by  him  in  a 
paper  occupying  thirtjr-two  closely  printed  quarto  page8(206- 
238)  of  the  Zeitschrift  fiir  Berg-Hiitten-und-Sahnen-Wesen 
(xx  Band,  2  und  3  Lieferung,  Berlin,  1872). 

The  instrument  employed  for  measuring  the  temperature  was 
the  earth-thermometer  of  Magnus,  which  ffives  its  indications 
by  the  overflowing  of  mercury,  which  takes  place  when  the 
instrument  is  exposed  to  a  higher  temperature  than  that  at 
which  it  was  set     To  take  the  reading  it  was  immersed  in 

*  The  committee  oonsisted  of  Prof.  Ererett,  Sir  W.  Thomson,  ProL  J.  deik 
liaxweU,  G.  J.  Bjmons,  Prol  Ramsaj,  Prol  A.  Qeikie,  James  GUisher,  Geoige 
Maw,  W.  Pengellj,  Prol  Hull,  Prot  Ansted,  Prol  Prestwiok,  Dr.  0.  Le  Neve 
Poster,  Prol  A.  8.  Hersohel,  Qt.  A.  Labour,  and  A.  B.  'Wyrmtk 
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water  a  little  colder  than  the  temperature  to  be  measured ;  the 
temperature  of  this  water  is  noted  by  means  of  a  normal  ther- 
mometer, and  at  the  same  time  the  number  of  degrees  that  are 
empty  in  the  earth-thermometer  is  noted.  From  these  data 
the  maximum  temperature  to  which  the  instrument  has  been 
exposed  can  be  deduced,  subject  to  a  correction  for  pressure, 
which  is  not  very  large,  because  the  same  pressure  acts  upon 
.  the  interior  as  upon  the  exterior  of  the  thermometer. 

In  the  following  rSsume  (as  in  the  original  paper)  tempera- 
tures are  expressed  in  the  R6aumur  scale,  and  depths  in 
Rhenish  feet,  the  Bhenish  foot  being  1-029722  English  foot. 

Observations  were  first  taken  at  intervals  not  exceeding  one 
hundred  feet,  from  the  depth  of  one  hundred  feet  to  that  of 
4042  feet,  the  temperature  observed  at  the  former  depth  being 
ll-O,  and  at  the  latter  88*5 ;  but  all  these  observations,  though 
forming  in  themselves  a  smooth  series,  were  afterward  rejected, 
on  the  ground  that  they  were  vitiated  by  circulation  of  water 
and  consequent  convection  of  heat. 

It  has  often  been  supposed  that  though  this  source  of  error 
may  affect  the  middle  and  upper  parts  of  a  bore,  it  cannot 
affect  the  bottom;  but  the  Sperenberg  observations  seem  to 
prove  that  no  such  exemption  exists.  When  the  bore  had 
attained  a  depth  of  nearly  8,890  feet  with  a  diiameter  of  twelve 
inches  two  hues  at  the  bottom,  an  advance  bore  of  only  six 
inches  diameter  was  driven  seventeen  and  one-half  feet  further. 
A  thermometer  was  then  lowered  half-way  down  this  advance 
bore,  and  a  plug  was  driven  into  the  mouth  of  this  advance 
bore  so  as  to  isolate  the  water  contained  in  it  from  the  rest  of 
the  water  abova  After  twenty-eight  hours  the  plug  was 
drawn  and  the  thermometer  showed  a  temperature  of  86*6. 
On  the  following  day  the  temperature  was  observed  at  the 
same  depth  without  a  plug,  and  found  to  be  88*6.  Another 
observation  with  the  plug  was  then  taken,  the  thermometer  (a 
fresh  instrument)  being  left  twenty-four  hours  in  its  position. 
It  registered  86*5,  and  again,  without  plugging,  it  gave  on  the 
same  day  38'9.  It  thus  appears  that  the  effect  of  convection 
was  to  render  the  temperature  in  the  advance  bore  8^  R  too 
low. 

Apparatus  was  then  employed  for  isolating  any  portion  of  a 
bore  by  means  of  two  plugs  at  a  suitable  distance  apart  with 
the  thermometer  between  them.  This  operation  was  found 
much  more  diflScult  than  that  above  described,  but  in  several 
instances  it  gave  results  which  were  deemed  quite  satisfactory ; 
while  in  other  instances  the  apparatus  broke,  or  the  plugging 
was  found  imperfect  The  deepest  of  the  successful  observa- 
tions by  this  method  was  at  2,100  feet,  and  the  shallowest  was 
at  700  feet    The  first  444  feet  of  the  bore  were  lined  with  iron 
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tubes,  between  which  the  water  had  the  opportunity  of  circula- 
ting even  when  the  innermost  tube  was  plugged,  hence  the 
observations  taken  in  this  part  were  rejected. 

All  the  successful  observations  are  given  in  the  third  column 
of  the  following  table,  subject  to  a  correction  for  pressure;  and, 
for  the  sake  of  showing  the  error  due  to  convection  in  the  ordi- 
nary mode  of  observing,  the  temperatures  observed  at  the  same 
depths  when  no  plugs  were  used,  are  given  in  the  second 
column : 


^iss.'- 

Tempentnre  Beftamar. 

Without 

With 

DUbrenee. 

plti«glo«. 

plugging. 

700 

1608 

1706 

0*98 

900 

1718 

18-5 

1-32 

1,100 

1908 

20-8 

0-72 

1,300 

20-38 

211 

0-72 

1,600 

22-08 

22-8 

0-72 

1,700 

22-9 

241 

1-2 

1,900 

24-8 

25-8 

10 

2,100 

26-8 

27-1 

0-3 

8,390 

341 

36-15 

206 

These  temperatures  are  not  corrected  for  pressure,  but  they 
are  corrected  for  rise  of  zero  in  the  normal  thermometer ;  and 
this  last  circumstance  explains  the  diCTerence  of  0*4  between  the 
temperature  8615  here  given  and  86*55,  which  is  the  mean  of 
the  above-mentioned  observations  at  the  depth  of  8,890  feet. 

Another  proof  of  the  injurious  eflfect  of  convection  was  ob- 
tained by  comparing  the  observed  temperatures  (without  plug- 
ging) in  the  first  400  feet  of  the  great  bore,  designated  Bore  I, 
with  the  temperatures  observed  at  the  same  depths  during  the 
sinking  of  another  bore,  designated  Bore  11,  near  it ;  the  ob- 
servations in  this  latter  being  always  taken  at  the  bottom. 
The  following  were  the  results  : 


D«pthlii 

Temperature. 

Boret 

BoreU. 

100 
200 
300 
400 

110 
11-6 
12-3 
13-6 

9-0 
10-4 
11-6 
12-5 

The  temperature  at  the  depth  of  one  hundred  feet  in  the 
great  bore  thus  appears  to  have  been  raised  about  2°  R  by 
convection. 

The  following  is  a  table  of  the  successful  observations,  cor- 
rected for  pressure : 
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Depth  In  Bhenlib 

Temperature 

fMt. 

Bemmnnr. 

700 

17-275 

900 

18-780 

1,100 

21147 

1,300 

21-610 

1,600 

23-277 

1,700 

24-741 

1,900 

26-604 

2,100 

28*668 

3,390 

37-238 

•  Assuminff,  with  Herr  Dunker,  the  mean  temperature  of  the 
surface  to  oe  718,  which  is  the  mean  annnal  temperature  of 
the  air  at  Berlin,  we  have  the  following  increments  of  tempera- 
ture with  depth : 


loerease 

incrj^^e^ 

Depth  111  BhenlA 

Increment 

Increment  of 

per  100  feet 

feet. 

of  depth. 

temperature. 

deff.  Reenmnr. 

deg.  Fehr. 

Oto     700 

700 

10-095 

1-442 

3*24 

800  to     900 

200 

1-606 

•762 

1-69 

700  to  1,100 

200 

2-367 

1-184 

2-66 

1,100  to  1,300 

200 

0-363 

•182 

•41 

1,300  to  1,500 

200 

1-767 

•884 

1-99 

1,600  to  1,700 

200 

1-464 

-732 

1-66 

1,700  to  1,900 

200 

1-763 

•882 

1-98 

l,9t)0  to  2,100 

200 

2-164 

1082 

2-43 

2,100  to  3,390 

1,290 

8-670 

•664 

1-49 

0  to  3,390 

3,390 

30-058 

•887 

200 

The  mean  rate  of  increase  found  by  comparing  the  tempera- 
tures at  the  surface  and  3.390  feet  is  exactly  V  Fahr.  for  50 
Rhenish  or  51*5  English  feet 

The  numbers  in  the  last  two  columns  exhibit  upon  the  whole 
a  diminution  with  increase  of  depth  ;  in  other  words,  the  tempe- 
rature increases  less  rapidly  as  we  go  deeper  down.  As  regfirds 
the  first  700  feet,  which  exhibit  a  decidedly  more  rapid  rate 
than  the  rest,  it  must  be  remembered  that  nearly  half  of  this 
distance  was  in  a  different  material  from  the  rest  of  the  bore^ 
being  in  gypsum  with  some  anhydrite,  while  all  the  rest  was  in 
rock  salt.  Prof.  Herschel  has  found,  in  recent  experiments  not 
yet  published,  that  the  conductivity  of  rock  salt  is  exceedingly 
nigh  ;  and  theory  shows  that  the  rates  of  increase,  in  superim- 
posed strata,  should  be  inversely  as  their  conductivities.  We 
may,  therefore,  fairly  attribute  the  rapid  increase  in  the  first 
700  feet  to  the  relatively  small  conductivity  of  the  portion  (288 
feet)  which  is  not  rock  aalt  The  slow  rate  of  increase  observed 
in  the  long  interval  between  the  depths  of  2,100  and  8,890  feet 
is  not  so  easily  accounted  for;  we  can  only  coniecture  that  this 
and  the  other  inequalities  which  the  above  table  presents,  for 
depths  exceeding  7 00  feet,  are  due  to  fissures  and  other  inequali- 
ties in  the  rock  which  have  not  been  put  in  evidence. 
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With  the  view  of  summing  up  his  results  in  small  compass, 
Herr  Dunker  has  assumed  the  empirical  formula : 

^=  7-18 +aaj  +  *a;», 
t  denoting  the  temperature  (R6aumur)  at  the  depth  x  (Ehenish 
feet) ;  ana  has  computed  the  most  probable  values  of  a  and  6,  by 
the  method  of  least  squares.     He  finds 

a  =  -0129867  ft  =  —  -000000125791, 

the  negative  sign  of  b  indicatinff  that  the  increase  of  tempera- 
ture becomes  slower  as  the  depth  increases. 

A  paper  by  Prof.  Mohr,  of  Bonn,  as  represented  by  an  abr 
stract  published  in  Nature  (voL  xii,  p.  546),  has  attracted  atten- 
tion from  the  boldness  of  its  reasoning  in  reference  to  the 
Sperenberg  observations.  Prof.  Mohr,  however,  does  not  quote 
the  observations  themselves,  but  only  the  temperatures  calcu- 
lated by  the  above  formula,  which  he  designates,  in  his  original 
paper  {Neues  Jahrhuch  jur  Minerahgie^  etc.,  1876,  Heft  4), 
'*  the  results  deduced  from  the  observations  by  the  method  of 
least  squares."  In  the  abstract  in  Nature  they  are  simply 
termed  "the  results  of  the  thermometric  investigation  of  the 
Sperenberg  boring,"  a  designation  which  is  still  more  misleading. 

Attention  is  called  to  the  circumstance  that  the  successive 
increments  of  temperature  for  successive  equal  increments  of 
depth,  form  an  exact  arithmetical  progression,  as  if  this  were  a 
remarkable  fact  of  observation,  whereas  it  is  merely  the  result 
of  the  particular  mode  of  reduction  which  was  adopted,  being  a 
mathematical  consequence  of  the  assumed  formula  i  =  718  4- 
ax'\'hx^.  The  method  of  least  squares  is  not  responsible  for 
this  formula,  but  merely  serves,  after  this  formula  has  been 
assumed  for  convenience,  to  give  the  best  values  of  a  and  6. 

Herr  Dunker,  in  his  own  paper,  lays  no  stress  upon  the  for- 
mula, and  gives  a  caution  against  extending  it  to  depths  much 
greater  than  those  to  which  the  observations  extend.  Writing 
to  Prof  Everet  under  date  April,  1876,  he  requests  that  in  the 
summary  of  his  results  to  be  given  in  the  present  Report,  the 
formula  should  either  be  suppressed  or  accompanied  by  the 
statement  that  its  author  reserves  a  different  deduction. 

The  following  are  the  differences  between  the  temperatures 
computed  by  the  formula  and  the  observed  temperatures : 


Depth. 

Differenoe  (computed 
minu9  obserred). 

700 

-1-621 

900 

-0-931 

1,100 

-1-204 

1,300 

+  0-427 

1,600 

+  0^563 

1,700 

+  0-882 

1,900 

+  0-811 

2,100 

+  0-238 

3,390 

+  0-482 
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The  necessity  of  adopting  some  means  to  prevent  the  circula- 
tion of  water  in  bores,  has  for  some  time  been  forcing  itself 
upon  the  attention  of  your  committea  Many  of  the  observa- 
tions taken  by  their  observers  have  contain^  such  palpable 
evidence  of  convection  as  to  render  them  manifestly  useless  for 
the  purpose  intended;  and  in  the  light  of  the  Sperenberg 
experiment  it  is  difficult  to  place  much  reliance  on  any  obser- 
vations taken  in  deep  bores  without  plugging.  The  selection 
of  a  suitable  form  of  plug  is  now  occupying  the  careful  atten- 
tion of  your  committee. 

Herr  Bunker's  paper  gives  a  very  full  account  of  the  different 
kinds  of  plug  employed  at  Sperenberg. 

For  stopping  tne  mouth  of  the  advance-bore  the  plug  had  a 
tapering  shape,  and  was  of  hard  wood,  strengthened  by  two  iron 
rings,  one  at  each  end.  and  covered  with  a  layer  of  tow  five  lines 
thick,  outside  of  which  was  thick  and  strong  linen,  nailed  above 
and  below  to  the  wood,  through  a  leather  strap.  It  was  lowered 
into  its  place  by  means  of  the  iron  rods  used  for  boring;  and, 
when  in  position,  was  pressed  home  by  a  portion  of  the  weight 
of  the  rods.  The  plug  carried  the  thermometer  suspended  from 
it.  Its  extraction  was  commenced  by  means  of  a  screw  on  the 
beam  of  the  boring  machine,  in  order  to  avoid  a  sudden  jerk, 
which  might  have  broken  the  thermometer.  The  force  which 
was  found  necessary  for  thus  starting  the  plug,  as  well  as  the 
impression  observed  upon  it  when  withdrawn,  showed  that  it 
haa  fitted  tight.  To  insure  a  good  fit,  the  top  of  the  advance- 
bore  had  been  brought  to  a  suitable  shape,  and  its  inequalities 
removed,  by  means  of  a  revolving  cutting-tooL  Herr  bunker 
remarks  that  this  plan  is  adapted  to  a  soft  material  like  rock-salt, 
but  that  in  ordinary  hard  rock  it  would  be  better  to  make  the 
bottom  of  the  main  bore  flat,  and  to  close  the  advance-bore  by 
an  elastic  disc  pressed  over  it  The  method  of  observation  by 
advance-bores  can  only  be  employed  during  the  sinking  of  the 
bore,  a  time  when  it  is  difficult  to  avoid  error  arising  from  the 
heat  generated  in  boring.  The  expense  of  making  an  advance- 
bore  at  each  depth  at  which  an  observation  is  i^equired  is  also 
an  objection  to  Us  use. 

Another  kind  of  plug  devised  by  Herr  Dunker,  and  largely 
used  in  the  observations,  consisted  of  a  bag  of  very  stout  india- 
rubber  (nine  millimeters  thick)  filled  with  water,  and  capable  of 
being  pressed  between  two  wooden  discs,  one  above  and  the 
other  below  it,  so  as  to  make  it  bulge  out  in  the  middle  and  fit 
tightly  against  the  sides  of  the  bore.  On  the  suggestion  of  bore- 
inspector  Zobel,  the  pressure  was  applied  and  removed  by  means 
of  screwing.  Two  steel  springs  fastened  to  the  upper  disc,  and 
appearing,  in  Herr  Dunker's  diagram,  very  like  the  two  halves 
of  a  circular  hoop  distorted  into  an  oval  by  pressing  against  its 
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walls,  prevented  the  upper  disc  from  turning,  but  6fFered  little 
resistance  to  its  rising  or  falling.  The  lower  disc,  on  the  con- 
trary, was  permitted  to  turn.  R)th  discs  were  carried  bj  the 
iron  boring-rods.  Eotation  of  these  in  one  direction  screwed 
the  discs  nearer  together,  and  rotation  in  the  other  direction 
biYjught  them  farther  apart.  The  india-rubber  bag  could  thus 
be  made  to  swell  out  and  plug  the  bore  when  it  was  at  the 
desired  depth,  and  could  be  reduced  to  its  original  size  for  rais- 
ing or  lowering.  In  order  to  prevent  the  boring-rods  from 
becoming  unscrewed  one  from  another,  when  rotated  backwards, 
it  was  necessary  to  fasten  them  together  by  clamps,  a  rather 
tedious  operation  in  working  at  great  depths. 

In  taking  observations  at  other  points  than  the  bottom,  two 
of  these  plugs  were  employed,  one  above  the  other  below  the 
thermometer. 

In  some  of  the  experiments,  the  apparatus  was  modified  by 
using  linen  bags  filled  with  wet  clay,  instead  of  india-rubber 
bags  filled  with  water ;  and,  instead  of  screwing,  direct  pressure 
was  employed,  the  lower  disc  being  supported  by  rods  extend- 
ing to  the  bottom  of  the  bore,  while  the  upper  disc  could  be 
made  to  bear  the  whole  or  a  portion  of  the  weight  of  the  rods 
above  it  Some  successful  observations  were  obtained  with  both 
kinds  of  bag ;  but  the  water-bags  were  preferred,  as  returning 
more  easily  to  their  original  size  when  the  pressure  was  removed, 
and  consequently  being  less  liable  to  injury  in  extraction.  In 
some  observations  since  taken  in  another  place  (Sudenberg), 
Herr  Dunker  states  (in  the  private  letter  above  i^eferred  to)  that 
india-rubber  bags,  filled  witn  water,  and  pressed,  not  by  screw- 
ing, but  by  the  weight  of  the  rods,  were  employed  with  much 
satisfaction. 

All  the  methods  of  plugging  employed  by  Herr  Dunker  in- 
volved the  use  of  the  iron  rods  belonging  to  the  boring  appara- 
tus, and  therefore  would  be  inapplicable  (except  at  great 
expense)  after  the  operation  of  boring  is  finirhed  and  the 
apparatus  removed. 

it  seems  desirable  to  contrive,  if  possible,  some  plug  that  can 
be  let  down  and  raised  by  a  wire.  In  the  first  repoit  of  your 
Committee,  it  was  suggested  that  two  bags  of  sand,  one  ai>ove 
and  the  other  below  the  thermometer,  should  be  used  for  this 
purpose.  Bags  of  sand,  however,  would  be  liable  to  rub  off 
pieces  from  the  sides  of  the  bore,  and  thus  to  become  jammed 
m  drawing  up.  Mr.  Lebour  has  devised  a  plug  which  will  be 
of  small  diameter  during  the  process  of  lowering  and  raising, 
but  can  be  rendered  large  and  made  to  fit  the  bore,  when  at  the 
proper  depth,  by  letting  down  upon  it  a  sliding  weight  suspen- 
ded bv  a  second  wire.  Sir  W.  Thomson  suggests  that  a  series 
of  india-rubber  disks,  at  a  considerable  distance  apart,  will 
probably  be  found  effectual. 
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Mr.  Boot  has  continued  his  observations  in  the  bore  which  he 
is  making  at  Swinderby,  near  Scarle  (Lincoln).  It  has  now 
been  carried  to  the  depth  of  2,000  feet,  and  is  in  earthy  lime- 
stone or  calcareoas  shale,  of  Carboniferous  age.  Its  diameter  in 
the  lower  part  is  only  31-  inches.  In  April  last  the  temperature, 
78°  R,  was  observed  at  1,950  feet ;  and  more  recently  79°  F. 
was  observed  at  2,000  feet;  the  water,  in  each  case,  having  been 
undisturbed  for  a  month.  Supposing  these  results  not  to  be 
vitiated  by  convection,  and  assuming  the  mean  temperature  at 
the  surface  to  be  50°,  we  have  an  increase  of  29°  in  2,000  feet, 
which  is  at  the  rate  of  1°  in  69  feet  •  . 

Mr.  Symons  has  taken  a  series  of  observations  at  the  depth 
of  1,000  feet  in  the  Kentish  Town  well,  with  the  view  of  deter- 
mining whether  the  temperature  changes.  The  instrument 
employed  is  a  very  large  and  delicate  Phillips'  maximum  ther- 
mometer.    The  following  is  a  list  of  the  observations : — 


Depth 

Thei^ 

Depth 

Date  of  lowerlncr. 

mometer 

Date  of 

indicated. 

Temperatare. 
Fahr. 

yeet 

set  at. 

ralaiDg. 

Feet 

1874  .... 

1000 

64-50 

May 

8 

1007 

66-82 

'*     May 

8 

1000 

63-80 

July 

2 

1009 

|(T^°«) 

"    July 

2 

1000 

63-20 

July 

28 

1006 

67-40 

'*    July 

28 

1000 

6610 

Sept 

8 

1004 

67-61 

**    Sept 

8 

1000 

65-80 

Sept 

29 

1004 

67-43 

"     Sept 

29 

1000 

66-81 

Oct 

30 

1006 

67-68 

"    Oct. 

30 

1000 

63-40 

Dec. 

3 

1006 

67-62 

"    Dea 

3 

1000 

63-80 

Jan. 

7 

1009 

67-63 

1876  Jan. 

7 

1000 

63-76 

Feb. 

1 

1006 

67-66 

"     Feb. 

1 

1000 

63-90 

March 

3 

1006 

6768 

"     March 

3 

lOOO 

68'90 

May 

3 

1006 

67-62 

"     May 

3 

1000 

63-96 

June 

1 

1006 

67-49 

"    June 

1 

1000 

63-00 

July 

7 

1006 

67-63 

"    July 

7 

1000 

63-87 

Aug. 

3 

1004 

67-68 

**     Aug. 

3 

1000 

63-87 

Sept 

10 

1004 

67-68 

"    Sept 

10 

1000 

64-00 

Oct 

2 

1003 

67-68 

"     Oct 

2 

1000 

63-90 

Oct. 

19 

1004 

67-62 

"     Oct 

19 

1000 

63-80 

Nov. 

1 

1006 

67-62 

"    Nov. 

1 

1000 

63-70 

Dec. 

1 

Win 

>  broke. 

The  "  depth  indicated  "  is  shown  by  a  measuring  wheel  or 
pulley,  over  which  the  wire  runs  by  which  the  thermometer  is 
raised  and  lowered,  as  described,  with  a  diagram,  in  the  Report 
for  1869.  The  above  table  shows  that  there  is  alwavs  some 
stretching,  real  or  apparent,  in  the  interval  between  lowering 
the  thermometer  ana  raising  it  again.  Recent  observations  by 
means  of  a  fixed  mark  on  the  wire,  have  shown  that  the  change 
is  not,  in  the  main,  a  permanent  elongation,  but  an  alternation 
of  length.  It  is  probably  due  in  part  to  the  greater  tension 
which  the  wire  is  under  in  raising  than  in  lowering,  a  circum- 
stance which  will  (iause  a  temporary  diflPerence  of  length  varia- 
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ble  with  the  rapidity  of  winding  up ;  also  in  part  to  the  circum- 
stance that  the  wire  is  warmer  when  it  has  just  led  the  water 
than  when  it  is  about  to  be  let  down.  Some  portion  of  the 
irregularity  observed  may  be  due  to  variations  of  temperature 
in  that  part  of  the  well  (210  feet)  which  contains  air.  The 
observations,  taken  as  a  whole,  show  that  any  variations  of  tem- 
perature which  occur  in  this  well  at  the  depth  of  1,000  feet, 
are  so  small  as  to  be  comparable  with  the  almost  inevitable 
errors  of  observation.  The  observations  will  be  continued  at 
intervals  of  six  months,  with  additional  precautions,  and  with 
an  excessively  slow  (specially  constructed)  non-r^stering  ther- 
mometer, in  addition  to  the  maximum  thermometer  hitherto 
employed. 

Through  the  kindness  of  the  eminent  geologist,  M.  Delesse, 
of  the  Ecole  Normale  at  Paris,  observations  have  been  obtained 
from  the  coal  mines  of  Anzin,  in  the  north  of  France.  They 
were  taken  under  the  direction  of  M.  Marsilly,  chief  engineer 
of  these  mines.  Maximum  thermometers  of  the  protected 
Negretti  pattern,  were  inserted  in  holes  bored  horizontally  to 
the  depth  of  '6  or  '7  of  a  meter  in  the  sides  of  shafts  which 
were  in  process  of  sinking,  and  in  which  there  was  but  little 
circulation  of  air.  A  quarter  of  an  hour  was  allowed  to  elapse 
in  each  case,  after  the  boring  of  the  hole,  before  the  thermo- 
meter was  inserted,  and  the  hole  plugged.  Four  different 
shafts  were  tried.  Those  designated  as  Nos.  I,'  II,  III,  were 
in  the  mine  Chabaud  La  Tour ;  and  No.  IV  was  in  the  mine 
Renard. 

In  Shaft  I,  observations  were  taken  at  eight  different  depths, 
commencing  with  the  temperature  66^°  F.  at  the  depth  of  88'6 
meters,  and  ending  with  67}°  F.  at  200*5  meters. 

In  Shaft  n  there  were  observations  at  four  depths,  com- 
mencing with  55°  at  87*8  m.,  and  ending  with  63J°  at  185  m. 

In  Shaft  in  there  were  observations  at  three  depths,  com- 
mencing with  56°  at  87*8  m.,  and  ending  with  62J°  at  144  m. 

These  three  shafts,  all  belonging  to  the  same  mine,  were  very 
wet,  and  the  temperature  of  the  air  in  them  was  11°  or  12°  C. 
(52°  or  54°  F.). 

In  Shaft  IV,  which  was  very  dry  and  had  an  air  temperature 
of  about  15°  C.  (59°  F.),  observations  were  taken  at  six  depths, 
commencmg  with  70|°  F.  at  21*2  m.,  and  ending  with  84°  F.  at 
134-8  m. 

The  mean  rates  of  increase  deduced  from  these  observations 
are: — 
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The  observer  mentions  that  in  Shaft  II  there  was  at  the 
depth  of  90  m.  a  seam  of  coal,  in  which  heat  was  generated 
by  oxidation  ;  but  no  such  remark  is  made  with  respect  to  any 
of  the  other  shafts,  although  it  is  obvious  that  some  disturbing 
cause  has  rendered  the  temperatures  in  shaft  IV  abnormally 
high.  Possibly  the  heat  generated  in  boring  the  holes  for  the 
thermometers  in  this  shaft  (which  was  dry)  has  vitiated  the 
observations,  the  instruments  employed  being  maximum  ther- 
mometers. Two  of  the  slow  non-registering  thermometers 
mentioned  in  last  year's  report  have  been  sent  to  M.  Delesse, 
to  be  used  for  verification. 

The  slow-action  thermometers  are  constructed  on  the  follow- 
ing plan :  The  bulb  is  cylindrical  and  very  strong,  and  is  sur- 
rounded by  stearine  or  tallow,  which  fills  up  the  space  between 
it  and  a  strong  glass  shield  in  which  the  thermometer  is  in- 
closed. The  shield  is  not  hermetically  sealed  (not  being  intended 
for  protection  against  pressure),  but  is  stopped  at  the  bottom 
with  a  cork,  so  that  the  thermometer  can  be  taken  out  and  put 
in  again  if  desired.  Stearine  and  tallow  were  selected,  after 
trials  of  several  substances,  including  paraffin  wax,  bees'  wax, 
glue,  plaster  of  Paris,  pounded  glass  and  cotton  wool.  The 
thermometers  are  inclosed  in  copper  cases  lined  with  india- 
rubber.  When  placed,  without  these  cases,  in  water  differing 
10°  from  their  own  temperature,  they  take  nearly  half  a  minute 
to  alter  by  one-tenth  of  a  degree. 

In  concluding  this  report,  your  committee  desire  to  express 
their  regret  at  the  losses  which  they  have  sustained  by  the 
deaths  of  Professor  Phillips,  Sir  Charles  Lyell,  and  Col.  Strange, 
of  whose  valuable  services  they  have  been  deprived  within  the 
last  three  years. 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  On  Iodine  Ti-^cA/oWc^.^— Christomanos  has  described,  as  an 
excellent  lecture  experiment,  the  preparation  of  pure  iodine  tri- 
chloride by  the  action  of  dry  chlorine  upon  dry  hydrogen  iodide, 
the  latter  gas  being  conducted  into  the  former  in  excess.  The  re- 
action takes  place  in  two  stages:  HI+ClgZzHCl+ICl  and  ICl-f- 
Cl,=ICl3.  At  the  first  contact  of  the  two  gases,  a  transient 
white  dense  cloud  of  hydrogen  chloride  appears  in  which  float  in- 
numerable minute  gold-yellow  flakes  of  the  trichloride.  On  in- 
creasing the  flow  of  gas,  reddish-violet  fumes  appear  and  the  gas 
frequently  ignites,  forming  an  experiment  of  great  splendor.  Ihe 
walls  of  the  vessel  are  covered  with  thick,  bright  lemon-yellow 
crystals,  which  are  converted  into  the  monochloride  by  an  excess 
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of  hydrogen  iodide,  bat  may  be  preserved  in  an  atmosphere  of 
chlorine.  Iodine  trichloride  fuses  at  32°  C,  is  volatilized  at  47*5* 
(thoagh  it  gives  off  vapor  even  at  —12®)  and  is  dissociated  at 
72°  into  monochloride  and  chlorine.  It  is  soluble  in  cold  water 
without  decomposition. — £er, .  BerL  Chem^  Oes.^  x,  434,  March, 
1877.  o.  p.  R 

2.  On  the  Atomic  Weight  of  Selenium. — Pbtteeson  and 
Ehman  have  redetermined  the  atomic  weight  of  selenium  by  sev- 
eral methods,  using  for  analysis  calcium  selenate,  ammonio-alumi- 
num  selenate  (an  alum)  magnesium  and  silver  selenites  and  silver 
selenate.  The  numbers  obtained  not  being  sufficiently  accordant 
they  tried  reducing  selenous  oxide  b^  means  of  sulphuric  acid 
and  determining  the  selenium  precipitated.  In  five  experiments 
they  deduced  the  atomic  weight  of  selenium  as  79*10,  79*06,  79*08, 
79*06,  79*08,  the  mean  of  which  is  79*08,  which  may  be  accepted 
as  the  true  atomic  weight  of  this  metalloid. — BulL  Soc  Chem.^IL, 
xxvii,  March,  1877.  a,  p.  a 

3.  On  Trihydroxykmtimonic  acid  wid  Antimonyl  chloride. — 

Analogy  points  out  the  existence  of  an  antimonic  acid  0=:Sb — OH 

and  an  antimonyl  chloride  SbOCl3,  corresponding  respectively  to 

0=:P — OH  and  to  POCl,.    Daubbawa  has  studied  the  question 

of  the  antimonic  acids  anew,  using  Berzelius's  method  for  prepar- 
ing them,  i.  e.,  by  dropping  antimonic  chloride  into  water.  The 
results  of  analysis  showed  that  the  aiivdried  precipitate  was 
HgSbgO, ;  dried  over  sulphuric  acid,  it  was  HgSbO^  ;  at  100**  &, 
it  became  H^Sb  JO,  ;  at  200°,  HSbOg  ;  at  276°,  Sb^O^ ;  and  above 
300°,  SbgO^.  For  the  preparation  of  the  oxychloride,  one  part  by 
weight  of  water  was  dropped  into  sixteen  parts  by  weight  of  an- 
timonic chloride.  A  yellowish-white  distinctly  crystalline  mass 
resulted,  which  was  deliquescent  in  the  air,  and  which  fused,  boiled 
and  sublimed  in  a  closed  tube,  dissociating  into  SbOCl  and  Cl^  ^^ 
higher  temperatures.  The  analysis,  which  was  difficult,  gave  the 
formula  SbOCl 3. — Liehig*%  Ann.^  clxxxvi,  110,  March,  1877. 

6.  p.  & 

4.  On  the   Constitution  of  Cyanamide. — Of  the  two  rational 

formulas  assigned  to  cyanamide,  N=0— NH,  and0^^rT,the 

existence  of  di-silver-cyanamide  would  seem  to  fix  the  latter  as 
the  more  probable  constitution.  Fileti  and  Sohipp  have  proved, 
however,  that  this  imide  formula  is  actually  not  the  true  one. 
By  acting  on  di-silver-cyanamide  with  ethyl  iodide,  di-ethylcyan- 
amide  was  obtained,  identical  in  properties  and  in  decomposition 
products  with  the  di-ethylcyanamide  obtained  by  Clodz,  Cannii- 
zaro  and  Cahours  from  cyanogen  chloride  and  diethylamine. 
As  in  this  latter  body  the  two  ethyls  are  united  to  the  same 

yC  H 

nitrogen  atom — since  it  came  from  diethylamine  NH^^q^jj*— it 
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follows  that  they  are  in  the  former ;  and  hence  that  the  rational 
formula  of  cyanamide  itself  is  N=C — NHg. — Ber.  JBerL  Ohem. 
Ges.^  X,  426,  March,  1877.  a  r.  b. 

5.  On  Potassium  triiodide, — Johnson  has  succeeded  in  obtain* 
ing  potassium  triiodide  by  evaporating  a  saturated  aqueous  or 
alcoholic  solution  of  iodine  in  potassium  iodide,  over  sulphuric 
acid.  At  first  dark  colored  cubes  of  the  iodide  colored  by  iodine 
appeared ;  but  after  some  days,  lustrous  dark  blue  prismatic  crys* 
tals  were  deposited,  sometimes  two  inches  long,  which  afforded 
the  composition  of  the  tri-iodide  on  analysis.  This  substance  is 
very  deliquescent,  becoming  a  brown  liquid  on  exposure  to  the  air. 
Its  specific  gravity  at  16®  was  8'498.  From  the  fact  that  its 
atomic  volume  is  120*2,  by  experiment,  and  122*2  by  calculation 
from  the  sum  of  the  atomic  volumes  K-j-rls,  but  only  106*64  from 
Kl-{-l2i  the  author  infers  that  it  is  an  atomic  and  not  a  molecular 
compound. — J,  Oh.  Soc,  xxxi,  249,  March,  1877.  g.  p.  b. 

6.  Chi  EthyUmercaptan  and  its  Derivatives, — In  the  course  of 
an  extended  investigation  into  ethyl-mercaptan  and  the  corre- 
sponding mercaptides,  Glabsson  has  made  the  curious  observa- 
tion that  the  group S.CgHj  of  mercaptan  is  readily  ex- 
changed for  the  haloid  constituents  of  the  fatty  series,  the  substi- 
tution taking  place  the  more  readily  the  less  condensed  the  carbon 
nucleus  of  the  compound.  Thus  by  acting  on  carbon  tetrachlo- 
ride with  mercaptan  in  presence  of  sodium  ethylate,  sodium  chlo- 
ride separates,  the  liquid  boils  from  the  heat  evolved,  and  a  light 
yellow  oil  of  1*01  specific  gravity  is  obtained,  which  the  author 
calls  carbon-tetra-mercaptide,  and  which  has  the  formula  C(S .  O^ 
Hg)^.  He  has  prepared  also  dicarbonhexamercaptide  €2(8 .  Cj 
Hg)g  and  dicarbontetramercaptide  Cj(S.C2H5)4.  The  author 
has  prepared  also  ethyl-tetrasulphide  (C2H^)2S^  and  has  studied 
its  properties  and  reactions.— «Ajt>r.  Ch.^  II,  xv,  198,  March,  1877. 

G.  p.  B. 

7.  On  the  Synthesis  of  CoumaHn. — ^Tibmann  and  Hbbzfbld 
have  effected  a  new  syntnesis  of  coumarin.  They  were  led  to  the 
method  by  observing  that  acetylparacumaric  acid  was  obtained 
when  paroxybenzaldehyde  was  heated  with  acetic  oxide  and 
sodium  acetate,  and  that  benzaldehyde  similarly  treated  yielded 
oinnamic  acid;  from  which  they  inferred  that  salicylaldehyde 
(orthoxybenzaldehyde^  would  yield  an  acetvlorthocumaric  acid 
and  80  coumarin.  Tne  reaction  readily  took  place,  and  the  ex- 
pected acid  was  produced,  and  from  it  also  ortho-cumaric  and 
nydro-orthocumaric  (melilotic)  acid.  By  simple  heating,  acetyl- 
orthocumaric  acid  was  decomposed  into  acetic  oxide  and  acid  and 
coumarin  which  was  obtained  pure  by  recrystallization  from  ether. 
The  authors  consider  it  a  lactide-like  anhydride  with  the  formula 

/CH  =  CH 


CeH, 


\0- 


Mo' 


-Ber.  Berl.  Chem.  Oes,,  x,  288,  Feb.  1877. 


G.    p.    B. 

8.    On  the  Decomposition  of  Glyoxalt/l-urea. — ^To  test  the  ques- 
tion whether  the  substance  obtained  by  protracted  boiling  of  a 
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solation  of  uroxanio  aeid  was  really  (^lyoxalylorea,  as  assumed, 
Medicus  acted  upon  it  with  potassium  hydrate,  which  would  split 
it  into  urea  and  glyoxalic  acid,  and  then  would  decompose  the  lat- 
ter into  oxalic  and  acetic  acids.  The  products  were  examined 
and  proved  to  be  those  mentioned.     Hence  the  author  regards  as 

CO— NH 

JJTT n  QQ 

proved  his  formula  for  uric  acid  which  is  CO^  »•         i    * 

^  ^NH-6— ^H 

yNH— CH{OH) 
Glyoxalylurea  is    COf^  i  und  uroxanic  acid  is 

OOOH 
,NH— 6(0H)     NHa 

V  I 

^NH— P(OH)=NH- 

— Ber.  JBerl.  Chem,  Gea,,  x,  544,  April,  1877.  o.  f.  b. 

9.  On  two  new  Alkaloids^  J^oj^hantine  and  Ineine. — Hardy 
and  Gallois  have  examined  the  poison  variously  known  as  inaye, 
onaye,  gombi,  etc.,  extracted  in  Africa  from  the  seeds  of  Strophan- 
tJts  hispidus,  a  climbing  plant  belon^ng  to  the  Apocjneae. 
Fraser  examined  this  substance  and  obtained  from  it  an  active  ex- 
tract, to  the  alkaloid  in  which  he  gave  the  name  Strophantine. 
The  authors  have  succeeded  in  preparing  this  body  crystallized 
and  have  shown  that  it  arrests  tne  action  of  the  heart,  the  ven- 
tricles being  in  systole.  From  the  tufts  about  the  seeds,  they 
have  also  obtained  a  second  alkaloid  which  they  call  ineine. — 
£uU.  Soc.  Ch,,  n,  xxvii,  247,  March,  1877.  g.  f.  b. 

JO.  Occurrence  of  Copper  normally  in  the  Blood  of  Wild  Anir 
male, — CloKz,  having  to  incinerate  the  blood  of  a  roebuck,  killed 
in  the  woods,  and  to  analyze  the  ash,  was  surprised  to  detect  in  it 
an  appreciable  quantity  of  copper.  Fearing  that  it  might  have 
entered  by  accident  during  his  operations,  he  repeated  the  analy- 
sis on  the  blood  of  another  buck,  taking  special  precautions.  The 
result  was  the  same,  the  630  grams  of  blood  affording  three  milli- 
grams of  copper  oxide.  It  must  have  existed  either  m  the  plants 
eaten  as  food  by  the  animal  or  in  the  water  which  he  drank. — BulL 
Soc  Ch,,  II,  xxvii,  196,  March,  1877.  g.  f.  b. 

1 1.  Is  Glass  impervious  to  Gases  f — ^Professor  G.  Quincke  has 
tried  to  force  hydrogen  and  carbonic  acid,  by  pressures  of  from 
40  to  120  atmospheres,  through  a  glass  wall  1'6  mnL  in  thickness, 
and  to  determine  by  the  loss  of  weight,  the  quantity  of  gas  that 
had  passed  throueh  during  seventeen  yeara 

One  leg  of  a  V-shaped  glass  tube  was  a  capillary  tube  of  200 
mms.  in  length,  closed  above ;  the  other  was  a  tube  contracted  in 
the  middle  and  open  above,  160  mms.  long,  8  mms.  in  diameter 
and  1"6  mms.  thick.  Into  the  open  leg  a  drop  of  quicksilver  was 
put ;  upon  this  dilute  sulphuric  acid  was  poured ;  into  the  upper 
part  some  sheet  zinc  was  pushed,  which  was  kept  from  contact 
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with  the  acid  by  the  contraction  of  the  tube ;  and  then  the  open 
end  was  carefally  closed  by  fusion  at  a  glass-blower's  lamp. 
Four  tubes  thus  prepared  underwent  a  double  weighing ;  and  then, 
by  inclining  the  tuoes,  the  sulphuric  acid  was  brought  into  con- 
tact with  the  zinc.  The  pressure  of  the  hydrogen  was  shown  by 
the  diminution  of  volume  of  the  air  in  the  capillary  tube,  which 
served  for  a  manometer.  Its  amount  on  the  first  day,  in  the 
difl^rent  tubes,  was  from  1^  to  10  atmospheres,  rose  in  five  months 
up  to  27-54  atmosphere  and  in  17  years  up  to  25-126  atmospheres. 
During  this  time  the  tubes  were  frequently  doubly  weighed  on  an 
excellent  balance ;  and  exactly  the  same  weight,  within  from  0*1  to 
0*3  of  a  milligram,  was  always  found. 

Another  similar  tube,  with  carbonate  of  lime  and  concentrated 
sulphuric  acid,  in  which  the  pressure  of  the  carbonic  acid  gas 
amounted  on  the  first  day  to  21  atmospheres,  after  five  months  to 
84  atmospheres,  and  after  17  years  to  44,  showed  likewise  always 
the  same  weight  of  14*6861  grams. 

Thus  according  to  these  experiments,  a  pressure  of  from  40  to 
100  atmospheres  cannot,  during  a  space  of  seventeen  years,  force 
through  1*5  mm.  thickness  of  glass  a  perceptible  quantity  of 
hydrogen  or  carbonic  acid. 

While  at  the  commencement  the  concentrated  sulphuric  acid 
wetted  the  glass  sides  of  the  tube,  and  showed  a  sharp  marginal 
angle  (apparently  0^),  gradually  in  the  course  of  years  the  angle 
has  become  obtuse,  and  the  acid  fiows  in  the  tube  with  condensed 
carbonic  acid  like  quicksilver  in  a  glass  tube  filled  with  air. 

In  the  atmosphere  of  hydrogen  Uie  an^le  at  the  margin  of  the 
dilute  sulphuric  acid,  which  at  first  likewise  wetted  the  sides,  has 
also  increased  to  about  60°. 

The  glass  thus  appears  to  have  gradually  in  the  course  of  years, 
under  the  influence  of  the  great  pressure,  become  coated  with  a 
thin  layer  of  carbonic  acid  or  hydrogen  respectively,  which  exerts 
a  different  attraction  from  that  which  glass  exerts  upon  the 
liquid  particles  at  the  margin  of  the  surface.  A  similar  film  of 
gas  must  have  been  deposited  on  the  surface  of  the  zinc  and 
obstructed  the  further  chemical  action  of  the  acid. — Pogg,  Ann,^ 
clx,  118 ;  Phil  Mag.^  iii,  314.  b.  c.  p. 

12.  Polarization  o^  the  HainbotD.—M.  J.  Dechant  explains  the 
observations  of  Schiel  and  Tyndall  that  the  light  of  the  rainbow 
could  in  all  cases  be  extinguished  by  a  Nicols'  prism,  by  Fresnel's 
formula  for  the  reflection  of  light.  The  light  falls  on  the  posterior 
wall  of  the  drop  at  an  angle  of  40^,  while  the  angle  of  total  polari- 
zation is  about  37°.  The  ratio  of  the  two  polarized  beams  for  the 
red  rays  is  consequently  about  24*5  and  for  the  violet  rays  84*9. 
Or,  the  rainbow  is  diminished  in  brightness  25  to  35  fold  when  the 
Nicol  is  rotated  00°.  If  the  index  of  refraction  of  the  liquid  was 
iv/2=l*414  the  polarization  would  be  complete.  Calculation 
fdiows  that  for  oil  of  cassia  the  ratio  of  the  red  rays  is  6*8  and  of  - 
the  violet  2*8.  Forming  a  rainbow  by  scattering  this  liquid  in 
sunlight  by  an  atomizer  the  light  cannot  be  extinguished  by  a 
Nicol  prism  in  any  position. — Pogg.  Ann.^  clx,  123.         b.  c.  p. 
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13.  The  Radiometer, — Two  views  have  been  offered  rb  to  the 
mode  of  action  of  the  gas  in  the  radiometer.  One  attributes  the 
motion  to  reaction  of  gas  particles  getting  heated  on  the  vanes, 
then  dancinff  off;  the  other  to  air  onrrents  which  are  directed 
toward  the  plate  in  conseqaenoe  of  heated  air  rising  irom  it.  M. 
Neesen  has  endeavored  (Pogg.  Ann.)  to  decide  between  these 
views.  If  the  second  view  is  correct,  he  amied,  the  wall  of  the 
vessel,  by  becoming  also  heated,  must  abo  acquire  influence 
through  rise  of  heat^  air  from  it  as  from  the  vanes.  If  the  rota- 
tion be  merely  a  phenomenon  of  reaction  there  is  no  reason  to 
suppose  such  an  influence  of  the  fixed  wall.  Now  by  giving  the 
radiometer  an  eccentric  position  within  the  glass  vessel  such  an 
influence  of  the  walls  should  be  readily  recognized.  He  describes 
a  number  of  experiments  made  in  this  way,  and  which  he  regards 
as  supporting  the  second  view. 

In  an  article  contributed  to  Po^gendorff 's  Annalen,  M.  Z5llner 
is  led  to  take  the  following  positions  in  reference  to  the  radio'me* 
ter.  The  explanation  of  n^iometric  motions  based  on  the  princi- 
ples of  the  mechanical  theory  of  gases,  make  suppositions  about 
the  relation  of  the  mean  lengths  of  path  of  the  gas  molectdes  to 
the  dimensions  of  the  vessel  which  are  not  realized  in  fact.  This 
explanation  further  leaves  out  of  consideration,  without  sufficient 
ground,  the  simultaneous  existence  of  mercury  vapors  whose  mole- 
cules have  a  more  then  seven  times  greater  mass  and  a  much 
smaller  mean  length  of  path  than  the  molecules  of  the  gases  acting 
according  to  the  mechanical  theory  of  gases.  Hence  we  are  not 
warranted  in  regarding  the  radiometric  motion  discovered  by 
Crookes  as  an  empirical  confirmation  of  the  mechanical  theory  of 
gases. — Nature^  xv,  621.  e.  c.  p. 

14.  Fluorescence, — M.  E.  Lommbl  discusses  the  intensity  of  the 
light  of  fluorescence  assuming  that  the  quantity  of  the  light  which 
an  element  of  volume  of  the  fluorescent  substance  can  emit  is  pro- 
portional to  the  quantity  of  exciting  light  which  is  absorbed* 
He  concludes : 

(1.)  That  with  an  increasing  concentration,  the  intensity  of  the 
fluorescent  light  at  flrst  increases  up  to  a  certain  minimum,  and 
then  decreases. 

(2.)  That  the  ratio  of  the  light  eraitt^  by  a  superficial  layer  of 
^ven  thickness,  to  the  total  fluorescent  light,  increases  with  the 
mtensity  of  the  absorption,  and  is  as  much  more  feeble  as  we 
observe  it  at  a  greater  distance. 

(8.)  That  the  mixture  of  colors  which  constitutes  fluorescent 
light  changes  with  the  coefficient  of  absorption  of  the  exciting 
light,  in  such  a  way  that  the  ratio  of  the  intensities  approaches 
more  and  more  that  which  characterizes  the  type  of  the  fluorescent 
spectrum,  to  the  extent  that  the  exciting  rajrs  are  capable  of 
being  absorbed. 

(4!)  That  the  flaorescent  light,  observed  at  a  great  distance,  is 
formed  of  a  mixture  of  colors  in  which  the  rays  very  largely 
absorbed  are  in  less  proportion  than  when  the  ob8er\'ation  is  made 
at  a  small  distance. 
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(5.)  That  by  observing  the  fluoreHcence  by  transparency  as 
Lubarsoh  has  done,  the  proportion  of  the  rays  most  absorbed  is 
strongly  diminished. 

(6.)  That  it  is,  on  the  contrary,  as  great  as  possible  when,  the 
observation  being  effected  on  the  side  of  the  incident  rays,  the 
angle  of  incidence  is  very  ereat. 

All  these  conclusions  follow  naturally  from  the  first  proposition 
and  seem  to  involve  only  very  natural  hypotheses. 

This  theory  demands  nothing  but  that  the  law  of  Stokes  shall 
be  in  general  correct.  It  explains,  on  the  contrary,  very  well  the 
disagreement  of  the  experiments  of  Lommel,  made  under  condi- 
tions theoretically  more  favorable  than  those  of  his  opponents. — 
JPogg.  Ann^  clx,  75,  Jottm.  de  JPhys,^  vi,  126.  k.  c.  p. 

16.  ElecMcity  and  the  Electric  Telegraph  ;  by  Gko.  B.  Pbbs- 
COTT.  978  pp.  8vo,  with  664  illustrations.  New  York.  1877. 
(D.  Appleton  &  Company.) — ^This  volume,  by  Mr.  Prescott,  is  a 
most  miportant  contribution  to  scientific  literature,  honorable 
alike  to  the  learning  and  industry  of  the  author.  It  is  a  compre- 
hensive review  of  the  application  of  electrical  principles  to  tele- 
graphy. It  discusses  with  sufficient  thoroughness  the  laws  of 
electrical  resistance  and  measurement ;  the  determination  of  vol- 
taic constants;  the  laws  of  electro-magnetism ;  of  the  measurement 
of  electro-motive  force ;  of  galvanic  polarization  and  the  applicar 
tion  of  these  and  other  principles  to  telegraphic  circuits  and  )and 
lines ;  the  phenomena  of  charge  and  discharge  on  land  lines  and 
underground  lii^es ;  submarine  cables ;  electrostatic  induction  on 
telegraph  lines;  the  phenomena  of  charge  in  submarine  cables; 
co^cient  of  charge  in  submarine  and  land  lines ;  duration  of  the 
variable  state  when  the  extremity  of  the  line. is  to  earth,  and 
when  it  is  insulated ;  the  time  required  to  produce  a  signal ;  the 
earth  a  reservoir  of  electricity,  and  its  electncal  resistance.  These 
topics  fill  nearly  half  (416  pages)  of  the  volume:  the  remainder  is 
occupied  with  a  historical  notice  of  experimental  telegraphs  of  the 
American  and  European  Morse  system,  and  a  full  notice  of  all 
other  systems  and  instruments,  illustrated  by  very  beautiful, 
original  wood-cuts.  The  discoveries  and  improvements  of  late 
years,  especially  the  duplex  and  quadruplex  modes  of  transmission, 
and  the  improved  type  printing  apparatus,  which,  as  the  author 
says^  have  in  America  almost  revolutionized  the  telegraph  service, 
are  now  for  the  first  time  illustrated  with  a  completness  worthy 
of  the  importance  of  the  subject  The  harmonic  telegraphs  or 
telephones  are  also  described  and  illustrated.  Mr.  Prescott's  book 
is  prepared  with  j^reat  care,  giving  to  each  investigator  and 
inventor  just  consideration :  and  while  it  is  full  in  its  technical 
detail  it  is  also  thorough  in  its  scientific  accuracy,  qualities  rarely 
combined,  and  worthy  of  the  electrician  of  one  .of  the  most  widely 
extended  telegraphic  organizations  in  existence.  b^  s. 
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11.  Geology  and  Natural  History. 

1.  Annual  Report  on  the  Geographical  Survef/s  west  of  the 
lOO^A  Meridian^  by  G.  M.  Wheeler,  let  Lieut.  Eng.  U.  S.  A. 
856  pp.  8vo,  with  many  maps  and  plates.  Washington,  1876. 
— Lieutenant  Wheeler's  Report,  extending  to  79  pases,  treats 
of  the  general  results  of  the  expedition.  It  is  followed  by 
appendixes,  containing  geographical,  geological  and  other  infor- 
mation, by  Lieut.  W.  L.  Marshall,  Lieut.  E.  Bbboland,  Lieut. 
W.  L.  Carpenter,  Lieut.  R.  Birnie,  Jr.,  Lieut.  C.  C.  Morrison, 
and  Lieut.  C.  W.  Whipple  ;  on  meteorology  and  hypsoraetry  by 
Lieut.  W.  L.  Marshall;  on  the  geology  and  mineralogy  of 
Southeastern  California — the  alkaline  lakes,  thermal  springs  and 
brackish  waters  of  Southern  California — the  physical  and  agri- 
cultural features  and  ethnology  of  Southern  California  —  the 
meteorology  of  the  Mohave  Desert  and  the  geographical  dis- 
tribution of  its  vegetation,  by  Dr.  O.  Loew  ;  on  the  geology  of  a 
portion  of  Southern  California  by  Prof.  J.  Marcou  ;  on  the  geol- 
ogy of  the  mountain  range  from  La  Veta  Pass  to  the  head  of  the 
Pecos,  by  A.  R.  Conkling  ;  economic  botany  and  agriculture  of 
Southern  California,  by  Dr.  J.  T.  Rothrock  ;  on  the  ornithology 
and  the  mammals  of  portions  of  California,  by  H.  W.  Henshaw  ; 
on  Orthoptera,  by  S.  H.  Scudder  ;  on  Coleoptera,  by  Dr.  J.  L. 
LeConte;  on  the' Alpine  insect  fauna,  bv  Lieut  W.  L.  Carpen- 
ter; on  eleven  idioms  spoken  in  Southern  California,  Nevada 
and  on  the  Colorado  River,  by  A.  S.  Gatschet. 

In  the  paper  by  Prof  J.  Marcou,  the  Tertiary  beds  of  Chico 
Creek,  California,  are  referred  to  the  Eocene  Tertiary,  instead  of 
Upper  Cretaceous,  notwithstanding  the  presence  of  a  few  Cretace- 
ous species,  as  Ammonites  Chteoensis^  and  Bactdites  Chicoensis^  the 
species,  with  these  exceptions,  having  prominently  a  Tertiary 
character. 

2.  Geological  and  Geographical  Survei/  of  the  Territories^ 
F.  V.  Hayden,  U.  S.  Geologist  in  charge. — Bulletin  No.  2  of  voL 
m,  recently  issued  contains  a  paper  on  Western  Diptera,  compris- 
ing descriptions  and  new  genera  and  species,  by  C.  R.  Osten- 
Sacken,  occupying  165  pages;  a  report  on  Insects  collected  by 
P.  R  Uhler  in  1875,  and  of  Hemiptera  collected  by  A.  S.  Packard, 
Jr.,  by  P.  R.  Uhler,  with  two  plates,  extending  to  120  pages; 
and  descriptions  of  the  Araneae  collected  in  1875,  by  A.  8.  Pack- 
ard, Jr.,  by  T.  Thorell,  over  50  pages.  The  memoir  by  P.  R, 
Uhler  contains  monographs  of  the  families  Cydnidse  and  Sald». 

3.  ContribtUions  from  the  laboratory  of  the  University  of 
Missouri;  Report  by  the  Curators  of  the  University  of  Missouri, 
to  the  Governor  of  the  State.  Includes  a  paper  by  Pro£  P. 
Schweitzer  on  the  various  methods  of  separating  and  determining 
Barium,  Strontium  and  Calcium  ;  a  paper  by  C.  P.  Williams  on 
the  composition  of  Missouri  leads  (in  which  the  lead  constitutes 
99*91  to  99*993  per  cent,  and  the  silver  0*00029  to  0*00615  per 
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cent)  ;   and  analyses    of    Copper  ores,  Smitbsonite  from   Dade 
County,  etc. 

4.  Organogeny  of  the  Female  Flower  of  Gnetum  Gnemon. 
DeHa  Organogenia  dei  fori  feininei  del  Gnetum  Gnemon  L., 
nota  di  O.  Beccari.  Extr.  from  Nuovo  Giornale  Botanico 
ItalianOy  vol.  ix.  No.  1.  Jan.  1877.  With  a  plate. — Beccari's 
observations  and  notes  were  made  at  Ternate,  m  the  Moluccas. 
He  was  not  aware  that  anything  on  the  subject  had  then  been' 
published  in  Europe;  but  in  his  paper  he  refers  to  Griffith  as 
naving  first  asserted  that  the  whole  fioral  apparatus  in  question 
belongs  to  the  ovule.  Beccari  describes  the  proper  female  flowers, 
viz :  those  of  the  fertile  ament,  and  distinguishes  from  them  the 
abortive  female  flowers  which  accompany  the  male  ament.  The 
latter  have  only  two  envelopes  and  no  embryo-sac;  the  former 
have  three,  and  the  embryo-sac  appears  at  the  time  of  pollination. 
The  ovule  or  female  flower — whichever  it  be  called — is  developed 
in  the  axil  of  an  ament-scale,  the  nature  of  which  is  unquestioned ; 
it  is  sessile,  and  surrounded  by  some  multicellular  ''paraphyses." 
Its  body  or  central  part  is  an  ovular  nucleus.  The  question 
turns  upon  the  nature  of  the  coats.  Now  these  form  in  succes- 
sion from  without  inwards ;  L  e.,  the  external  one  is  the  oldest, 
and  at  an  early  stage  is  2-toothed  or  2-lobed  at  apex,  as  if  formed 
of  two  confluent  parts.  Within  this  appears  a  second,  as  a  ring 
or  cupule  around  the  base  of  the  nucleus,  which  in  due  time  it 
encloses ;  it  shows  no  indication  of  a  bipartite  division  or  lobin^. 
Soon  after  this  becomes  manifest,  the  third  coat  originates  simi- 
larly within  the  second,  advances  beyond  it  and  beyond  the 
nucleus,  being  extended  into  a  styliform  tube  with  a  2-parted 
apex.  This  internal  and  flask-shaped  coat  is  found  in  the  sterile- 
female  flowers  of  the  male  ament,  but  is  less  prolonged ;  the  ex- 
ternal coat  equally  exists ;  but  the  intermediate  coat  is  wanting. 

It  is  taken  for  granted,  on  whatever  view  of  the  homology, 
that  we  have  to  do  with  a  secondary  axis,  in  the  axil  of  a  bract, 
and  that  the  nucleus  is  the  termination  of  this  axis.  According 
to  Griffith  the  enclosing  sacs  are  coats  to  the  ovule,  of  which  the 
central  body  is  the  nucleus;  consequently,  this  ovule  has  the 
anomaly  of  three  integuments.  According  to  Beccari,  the  nucleus 
is  the  whole  ovule,  viz.,  an  ovule  without  coats  in  the  manner  of 
that  of  ZoranthacecB  and  SantcUacece^  and  the  coats  are  floral 
organs.  A  comparison  with  the  quasi-hermaphrodite  flowers  of 
Welvntschia  assures  him  that  the  middle  and  shortest  envelope 
answers  to  the  andrcecium  in  those  flowers,  whence  it  follows 
that  the  outer  covering  is  perigonial  and  homologous  with  the 
floral  envelope  of  Weltoitschia, — only  that  is  tetraphyllous,  this  is 
simpler  and  confluent-diphyllous.  It  follows  also  that  the  inner- 
most sac  is  carpellary  and  diphyllous.  The  gist  of  the  argument 
in  support  of  this  view  turns  upon  these  two  considerations :  1. 
Gnetacece  with  other  Gymnosperms  are  the  lowest  type  of  Phane- 
rogamia ;  it  is  most  unlikely  that  such  a  low  type  would  be  pro- 
vided with  such  a  high  type  of  ovule  as  one  having  three  coats ; 
AM.  JouB.  8oi.— Third  Sbbibs,  Vol.  Xin,  No.  78*— Juihb,  1877. 
31 
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it  is  more  likely  that  the  ovule  of  Gne^m  would  correspond  with 
the  simplified  one  of  Loranthacem^  with  which  the  relationship  is 
not  indistinct.  2.  The  order  of  evolution  of  these  coverings,  i.  e., 
from  without  inwards  or  from  below  upwards,  is  that  of  leaves  or 
whorls  upon  an  axis,  and  of  the  fioral  organs  in  a  flower ;  while 
ovular  coats,  as  is  well  known,  form  in  reverse  order,  the  external 
one  latest.  The  evidence  is  fairly  convincing,  and  other  recent 
investigations  point  to  the  same  conclusion. 

Some  accompanying  theoretical  deductions  drawn  by  Beccari 
are  not  so  convincing  nor  so  important.  Nor  need  we  share  the 
hesitation  with  whicn  he  uses  the  name  of  Oyninospermce.     He 

5 refers  to  continue  the  term  because  the  ovules,  though  not 
estitute  of  ovary,  are  destitute  of  proper  ovular  coats.  But  so 
are  not  a  few  angiospermous  plants.  We  should  continue  it 
under  the  original  signification,  because,  admitting  the  flask- 
shaped  envelop  to  be  homologous  with  pistil,  it  is  not  functionally 
one ;  for  the  pollen  reaches  and  acts  directly  upon  the  ovule  itself 
and  not  through  the  intervention  of  a  stigma.  Ovules  reduced  to 
the  nucleus  only  were  not  known  to  Robert  Brown,  or  at  least 
were  not  considered  by  him  in  their  present  bearing.  Being  now 
recognized,  the  (question  whether  the  coat  of  the  seed  in  ConifercB 
and  Cycadacem  is  of  carpellary  or  ovular  origin  may  remain  an 
open  one,  or  may  be  decided  in  favor  of  the  former,  withont  essen- 
tially derogating  from  the  fitness  of  the  received  name  for  this 
marked  group  of  orders.  Moreover,  in  flowers  so  little  differenti- 
ated as  those  of  ConifeJCB^  the  distinction  between  ovular  and 
carpellary  envelopes  may  be  really  not  cognizable  because  not 
yet  actual,  and  so  the  question  may  be  one  of  words ;  while  in 
GfietacecB  an  important  advance  is  made,  and  the  ground  of  a 
distinction  between  ovular,  carpellary,  and  perianthial  envelopes 
begins  to  appear. 

If  this  be  so,  a  vexed  question  in  classification  may  find  a  prac- 
tical settlement.  The  cultivators  of  fossil  botany,  finding  that 
Gymnosperms  were  far  the  earliest  phssnogamous  plants,  and  that 
no  an^ospermous  Dicotyledons  have  been  detected  until  long 
after  the  appearance  of  Monocotyledons,  almost  universally  treat 
the  Gymnosperms  as  a  primary  division  or  claws  of  the  Vegetable 
Kingdom.  They  are  seconded  by  the  histologists  or  organogen- 
ists,  who  naturally  make  the  most  of  those  interesting  points  of 
structure  which  they  have  brought  to  view,  and  which  approxi- 
mate the  Gymnosperms  to  the  Vascular  Cryptogams.  But  the 
question  whether  Gymnosperms  are  a  part — the  earliest  and 
simplest  part — of  the  great  class  of  Dicotyledons,  or  whether  they 
constitute  an  independent  class  or  primary  group,  must  be  deter- 
mined by  broad  and  general  considerations  of  the  whole  structure. 
Now  the  transition  from  Onetaceoe  to  Angiospermous  Dicotyledons 
is  obvious  and  apparently  real.  If  no  transitions  are  extant  be- 
tween the  Gymnosperms  and  Cryptogams,  and  if — as  is  clear — the 
former  are  truly  Dicotyledonous  and  exogenous  in  structure,  and 
have  greater  affinity  with  the  Angiospermous  Dicotyledons  than 
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they  have  with  the  Monocotyledons,  then  the  taxonomist  would  ap- 
pear to  have  good  grounds  for  concluding  that  the  proper  division 
of  the  vegetable  kingdom  is,  first  into  PKanerogamia  and  Crypto- 
gamia  ;  then  the  former  into  Monocotyledons  and  Dicotyledons^ 
then  these  last  into  Oymnosperms  and  Angiosperms,  a.  g. 

h.  The  Paleontological  Origin  of  those  trees  and  shrubs  indi- 
genous to  the  south  of  Prance^  which  are  sensitive  to  PVost  in  cold 
winters  {Sur  P  Ori(/ine  paleontologiquey  etc,);  by  Charles  Mar- 
tins, 1877,  4to.  Extr.  from  M6m.  Acad.  Montpellier,  torn,  ix,  pp. 
87-122. — rro£  Martins  gives  a  list  of  19  of  those  woody  plants 
which  are  killed  down  to  the  ground  by  the  cold  which  is  occa* 
sionally  experienced  at  Montpellier,  or  on  the  Mediterranean  coast 
from  Peripignan  to  Mentone,  but  which  spring  again  from  the 
base  and  nourish  until  another  exceptional  frost  occurs.  The  list 
ranked  in  the  order  of  tenderness,  begins  with  the  Carob-tree, 
Ceratonia  sUiqua^  and  ends  with  Vitis  vinifera.  With  very  few 
exceptions,  these  plants  are  solitary  representatives  in  Europe  of 
their  genus  and  tnbe ;  thev  are  represented  in  a  fossil  state  in  the 
Tertiary  formations  of  S.  Europe  and  also  of  middle  Europe,  either 
by  identical  species,  or  by  others  so  similar  that  they  are  regarded 
by  paleontologists  as  equally  ancestral  Wherefore,  upon  a  full 
discussion  of  the  details,  it  is  concluded  that  these  are  remains  of 
the  Tertiary  flora  of  Europe,  which  have  thus  far  resisted  with 
success  the  rigors  of  a  present  climate  to  which  they  are  not  com- 
pletely adapted.  a.  g. 

6.  Alexander  Bratjn. — We  announce  with  sorrow  the  death 
of  this  excellent  botanist,  which  took  place  in  Berlin,  on  the  29th 
of  March,  after  a  short  illness.  Systematic  botanists  of  the  first 
class  are  everywhere  rare,  and  especially  in  Germany,  where  they 
have  gone  out  of  fashion,  all  attention  being  turned  to  histology 
and  the  like.  In  Braun's  earlier  days  there  was  a  goodly  array  of 
systematic  botanists  in  Germany:  at  his  decease  there  are  very 
few  of  mark,  although  signs  of  revival  are  apparent.  Alexander 
Braun  was  born  at  Katisbon,  May  10,  1805,  but  was  brought  up 
at  Carlsfuhe,  where  his  father  became  a  trusted  officer  in  the  post 
office  department  Fifty  years  ago,  there  was  a  knot  of  closely- 
allied  students  at  the  University  of  Heidelberg,  consisting  of 
Braun,  Carl  Schimper,  Agassiz,  and  Engelmann.  Two  of  them 
were  transferred  to  our  own  soil ;  the  latter  is  now  the  sole  sur- 
vivor. Three  of  them  went  soon  to  Munich,  where  Oken,  Schel- 
ling,  DoUinger,  and  Martins  were  teaching ;  but  Braun,  Agassiz, 
and  Engelmann  met  again  as  fellow-students  at  Parts  in  1832. 
The  first  two  became  allied  afterwards  by  the  marriage  of  Agas- 
siz with  Braun's  sister.  About  the  time  that  Dr.  Engejimann  came 
to  the  United  States,  Braun  was  made  professor  of  Botany  and 
Zoology  in  the  polytechnic  school  of  Carlsruhe.  In  1846  he  took 
the  chair  of  Botany  in  the  University  of  Freiburg  in  the  Bries- 
gau;  was  transferred  to  Giessen  in  1860;  but  in  the  spring  of 
1861  was  called  to  Berlin,  as  the  successor  to  Link  and  Kunth, 
taking  charge  of  the  Botanic  Garden  as  well  as  of  the  professor- 
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ship.  Although  he  had  nearly  reached  the  age  of  72,  and  felt  the 
full  weight  of  his  years,  yet  he  was  assiduoasly  attending  to  his 
ofScial  duties  when  he  was  suddenly  prostrated  by  acute  disease 
of  the  chest,  terminating  fatally.  Although  learned  in  almost 
every  department  of  his  science,  his  fortCy  like  that  of  Agassiz, 
was  morphology,  and  his  systematic  work  mainly  among  the 
higher  and  some  of  the  lower  Cryptogaraia,  Marsilia^  Isoetes^ 
Charay  etc.  Although  his  oommunicaiibns  to  the  scientific  jour- 
nals began  as  early  as  the  year  1822,  when  he  was  only  17  years 
old,  his  first  contribution  to  science  of  much  extent,  and  of  high 
and  permanent  value,  was  his  memoir  on  the  arrangement  of  the 
scales  of  pine-cones,  etc.,  published  in  1830.  With  this  publica- 
tion began  the  present  knowledge  of  phyllotaxis.  It  is  well 
understood  that  the  first  steps  were  taken  by  his  fellow-student, 
Carl  Schimper,  and  that  the  early  investigations  were  pursued  in 
common  by  the  two.  But  Schimper  published  nothing,  or  next 
to  nothing,  either  then  or  since,  although  he  lived  until  the  year 
1867.  His  name  in  connexion  with  the  subject  is  preserved  by 
the  favorable  mention  of  his  companions  and  contemporaries ;  but 
Braun's  treatise  was  timely  and  fruitful,  and  became  classical. 
Braun's  ability  for  the  philosophical  treatment  of  vegetable  mor- 
phology and  development  was  manifested  in  his  next  large  paper, 
viz:  in  his  memoir  entitled  Rejuvenescence  in  Nature,  especially 
in  the  life  and  development  of  plants.  This  was  first  published  at 
Freiburg  in  1849-50,  and  again  at  Leipsic  in  1861,  and  an  Eng- 
lish translation  of  it  was  published  by  the  Ray  Society  in  1853. 
Of  a  similar  character,  and  niarked  with  equal  acuteness,  is  his 
essay  on  The  Vegetable  Individual  in  its  relation  to  Species,  etc., 
published  in  1863  at  Berlin,  and  which,  in  a  translation  by  a  pupil 
of  mine,  was  mainly  reproduced  in  this  journal  (May  and  Sept., 
1856).  He  reaches  the  conclusion — which  would  now  be  more 
confidently  expressed — "that  the  individual  appears  in  its  full 
import  only  in  the  higher  steps  of  the  series  of  created  beings." 

In  his  systematical  work,  Braun  w^as  exceedingly  laborious,  per- 
severing, and  conscientious.  When  we  add  that  throughout  the 
riper  and  what  should  have  been  the  most  productive  years  of  his 
life,  he  was  overtasked  with  official  duties  and  cares,  we  shall  not 
wonder  that  much  which  he  hoped  to  accomplish  is  left  undone. 
His  work  upon  Marsiliay  PiltUariay  and  Isoetes  may  be  essen- 
tially complete.  But  his  prolonged  studies  of  Ohara,  which 
began  forty  years  ago,  and  the  completion  of  which  would  have 
crowned  his  career,  have  probably  not  been  finished,  or  brought 
into  such  form  that  the  results  may  be  iully  secured. 

His  influence  as  a  teacher  is  said  to  have  been  great ;  as  an 
investigator  he  stood  in  the  first  rank  among  the  botanists  of  our 
time ;  as  a  man  his  simple,  earnest,  and  transparently  truthful 
character  won  the  admiration  and  love  of  all  who  knew  him. 

A.    G. 
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7.  Notice  of  JRecerU  Works  on  Vegetable  Paleontology ;  by  L. 
Lbsqubreux. — Professor  O.  Hbbr  has  added  a  fourth  volume  to 
his  Arctic  Flora,  a  noble  supplement  to  a  great  and  justly  cele- 
brated work.  The  volume  contains  representatives  of  the  Spitz- 
bergen  flora  at  four  epochs  of  the  Carboniferous,  the  Jurassic,  the 
Cretaceous  and  the  Miocene.     It  thus  affords  materials  for  com- 

§  arisen  with  those  of  the  same  far  distant  geological  times  whose 
oras  have  become  more  intimately  known  fyom  their  representa- 
tives in  the  middle  part  of  Europe,  and  partly,  or  for  the  Miocene 
and  the  Carboniferous,  from  those  studied  from  the  American 
continent  also. 

The  first  part  describes  species  of  the  upper  Carboniferous  of 
Bell  Sound.  Even  if  the  sta^e  of  the  formation,  where  the  plants 
have  been  found,  is  not  positively  ascertained,  the  character  of 
these  plants  point  to  a  more  recent  deposit  than  that  of  Bear 
Island,  described  in  the  second  volume  of  the  Arctic  Flora.  For, 
out  of  twenty-six  species,  it  has  seven  small  ferns,  ISphenopteris  and 
AdiantiteSy  a  single  Lepidodendron^  one  Stigmaria^  three  JSpheno- 
phyllum^  and  three  Cordaites,  with  a  new  genus,  Jihynchogoniym, 
established  for  beaked  fruits  clearly  related  to  Nceggerathia  or 
Cordaites^  by  its  linear  ribbon-like  striated  leaves.  One  species 
more  than  any  other,  shows  the  relation  of  this  group  of  plants  to 
the  upper  Carboniferous ;  a  Walchia^  a  genus  mostly  Permian.  For 
there  is  as  yet  positive  evidence  of  its  presence  in  the  Carboniferous 
by  one  species  only,  in  the  upper  part  of  the  formation  in  Europe, 
and  none  in  that  of  this  continent.  This  small  ^roup  of  Carboniier- 
oug  plants  of  Spitzbergen  differs  in  its  character  from  that  of  Bear 
Island,  which,  referable  to  the  Subcarboniferous  (the  Culm  or  Moun- 
tain Limestone,)  separated  by  Heer  in  two  different  periods,  has 
Calamites  radiatics  (Bomia)^  species  of  Cardiopteris^  one  Faleop- 
teriSy  pne  SphenopteriSy  the  only  plant  of  a  type  analogous  to  the 
species  of  Spitzbergen,  and  the  balance,  large  IjycopoditeSy  of  the 
genera  Lepidodendron^  KnorriUy  Cydostigma^  Salonia^  etc.,  all 
related  to  types  considered  in  Europe  as  representatives  of  the 
flora  of  the  Culm  and  in  America  of  the  Subcarboniferous. 
Cardiopteris  and  JPaleopteris  are  of  a  still  more  ancient  type 
rarely  found  in  the  Subcarboniferous  of  this  country.  This  divis- 
ion is  important  as  recording  for  the  plants  of  the  Coal  in  the 
Arctic  regions  a  distribution  analogous  to  that  which  is  now  recog- 
nized in  the  temperate  zone  of  both  Europe  and  America. 

The  Jurassic  flora  of  Cape  Boheman  in  Spitzbergen,  thirty-two 
species,  is  supplemented  in  the  same  volume  by  that  of  the  Amour 
and  of  Eastern  Siberia,  eighty-three  species,  whose  analogy  with 
the  Jurassic  flora  of  England  is  marked  by  sixteen  species,  and 
by  seven  with  that  of  Boheman ;  a  relation  showing,  as  in  the 
Carboniferous  flora,  an  analogous  distribution  of  species  in  the 
Arctic  and  the  temperate  zones  during  the  Jurassic  times.  In  his 
introduction,  Heer  rightly  remarks  on  the  importance  of  the  char- 
acters of  those  northern  Jurassic  types,  as  putting  aside  the  asser- 
tion that  as  long  as  we  knew  nothing  of  the  old  floras  of  the  Polar 
regions,  we  could  not  really  argue  upon  the  analogy  of  th^  floras 
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over  a  whole  continent  at  a  given  period  of  time.  From  the  Car- 
boniferous to  the  Miocene  inclusive  the  same  relation  is  remarked 
in  the  plants  of  the  continent  of  Europe,  and  so  far  as  the  floras 
are  known,  in  that  of  America  from  the  40th  to  the  80th 
degrees  of  latitude.  In  tracing  analogous  or  identical  types  from 
the  Carboniferous  flora  of  Portugal,  from  the  Jurassic  of  England, 
from  the  Miocene  of  Italy,  to  those  of  the  same  formations  of 
Greenland  and  Spitzbergen,  we  can  derive  reliable  conclusions  in 
regard  to  the  characters  of  the  vegetation  of  these  epochs  over 
the  whole  northern  hemisphere,  if  not  over  the  whole  world. 

Of  the  descriptions  of  the  species  of  these  Jurassic  plants  in  the 
fourth  volume  of  the  Arctic  Flora,  of  the  perfection  of  the  figures 
with  which  they  are  illustrated,  it  is  not  possible  to  speak  with 
too  high  commendation.  The  more  common  types,  that  of  the 
Ginkgo^  of  the  Baiera^  while  especially  represented  by  numer- 
ous figures,  are  restored  in  their  predominant  characters,  A  new 
genus,  Czkanowskia^  related  to  Trichopitys  of  Saporta,  has  two 
species  exposed  in  their  different  organs  by  two  full  plates  of 
figures.  Baiera  longifolia^  Ginkgo  aybirica  are  represented  with 
leaves,  flowers  and  fruits,  the  fructification  of  the  Ginkgo  being 
very  similar  to  the  small  Cardiocarpus  of  the  Coal.  One  of  its 
species,  Podozatnites  lanceolaPus  is,  m  its  leaves,  remarkably  simi- 
lar to  the  one  described  as  PterophyUum  ?  Saydenii  in  the  Cre- 
taceous flora  of  Nebraska. 

A  few  vegetable  remains  of  the  Cretaceous  of  Cape  Staratschin, 
already  mostly  known  as  described  in  a  former  volume,  constitute 
the  third  part,  a  very  short  one,  of  three  pages  and  half  a  plate 
of  figures. 

The  fourth  part  is  a  supplementary  description  of  seventy- 
one  Miocene  species  of  three  different  localities  of  Spitzbergen : 
Cape  Lyell,  the  Scott  Glacier,  and  Cape  Heer.  The  relation 
between  the  plants  of  these  localities  is  indicated  by  a  com- 
paratively large  number  of  species,  thirty-four  being  common  to 
Cape  Lyell  and  Scott  Glacier,  and  seven  found  also  at  Cape 
Heer,  which  has  only  fifteen  species  for  its  flora.  Considering 
the  whole  group  altogether  we  find  it  related  to  the  Greenland 
Miocene  flora  by  twenty  species,  to  that  of  Alaska  and  Sitka  by 
eleven,  five  of  which  are  also  present  i!i  Greenland ;  to  that  of 
Europe  by  twenty-one,  and  to  that  of  the  Upper  Lignitic  of  the 
Rocky  Mountains^  the  Carbon  and  the  Green  River  groups,  by 
seven.  This  relation  is  more  than  sufficiently  close  to  prove  con- 
temporaniety  of  the  formation,  even,  with  the  North  American 
Miocene,  though  the  number  of  identical  species  may  appear  small. 
It  is  even  more  evident  than  with  the  European  Miocene ;  for  the 
Tertiary  flora  of  this  last  continent  is  now  known  by  more  than 
four  thousand  species,  while,  including  even  the  Lower  Lignitic 
Eocene,  we  know  scarcely  as  many  hundred  from  the  North  Amer- 
ican Tertiary  formations.  Therefore  the  conclusions  taken  in 
considering  the  distribution  of  the  Carboniferous  and  Jurassic 
floras  are  valid  in  the  same  degree  for  the  Miocene.  The  essen- 
tial types  of  the  vegetation  of  this  epoch  are  the  same  over  the 
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whole  northern  hemisphere,  modified,  however,  by  a  difference 
already  remarked  in  the  climatic  circumstances  of  regions  under 
distant  latitudes.  For  the  Spitzbergen  Miocene  flora  has  no  species 
of  Ficus,  nor  any  kind  of  LaurinesB.  It  has,  however,  two  Magno- 
lias representing,  probably,  the  highest  degree  of  temperature  of 
the  Arctic  of  that  epoch,  equivalent  to  that  at  the  present  time  of 
the  middle  States  of  North  America,  South  Pennsylvania,  and 
Ohio,  for  example,  while  the  Tertiary  flora  of  the  Western  Terri- 
tories, Colorado,  and  Wyoming,  has  from  the  Eocene  to  the  upper 
group,  the  Pliocene  of  California,  representatives  of  species  now 
inhabiting  the  shores  Gulf  of  Mexico,  and  extending  even  as  far 
south  as  Cuba  and  New  Mexico. 

The  description  of  eight  species  from  Disco,  with  two  plates  of 
illustrations,  closes  this  fourth  part  of  the  Arctic  Flora.  The 
species  are  mostly  referable  to  Jurassic  types. 

The  volume  under  consideration  has  been  prepared  from  speci- 
mens collected  by  the  Swedish  Polar  expeditions  m  the  years  1872 
and  1 873.  These  specimens  were  examined  by  Heer  and  described 
in  1 874 ;  but  the  publication  of  the  work  then  ready  has  been 
delayed  by  circumstances  independent  of  the  author's  control. 
In  the  meanwhile,  the  celebrated  Professor  has  undertaken  the 
preparation  of  the  floras  of  the  different  geological  formations  of 
Switzerland,  beginning  with  that  of  the  Carboniferous,  just 
published.*  The  second  part,  that  of  the  Jurassic,  is  complete 
also,  and  ready  to  appear.  The  Carboniferous  flora  repre- 
sents the  plants  of  the  Anthracite  of  Vallais,  a  formation  of  very 
limited  extent.  The  general  character  of  these  plants  is  that  of 
the  Upper  Carboniferous,  marked  mostly,  at  least,  by  a  prepon- 
derance of  ferns :  Sphenopteris,  Neuropteris,  Cyatheites,  Pecopte- 
ris,  etc. ;  the  Calamarice  and  the  Cordaitea^  which  the  author  con- 
siders as  Conifers.  A  number  of  species  of  Lepidodendron  and 
Sigillaria  are  still  in  this  group ;  and  as  it  has  also  Sphenopteria 
latifolia^  trifoliata^  etc.,  the  large  Alethopteris,  A,  nervosa ^ 
Serlii^  muriccUa^  JPluckneti,  which  in  our  Coal  measures  are  more 
abundant  in  the  middle  group  or  above  the  Millstone  grit,  the  gen- 
eral facies  of  this  Anthracite  flora,  judging  from  the  American 
point  of  view,  is  rather  that  of  the  middle  than  of  the  upper  Car- 
boniferous. But  it  has  one  species  of  Walchia  which,  together 
with  some  ferns,  Pecopteris  arborescens^  Neuropteris  Loschii^  etc., 
are  mostly  abundant  in  the  upper .  Coal  measures,  even  passing  to 
the  Permian,  and  therefore  the  conclusions  of  the  author  on  the 
age  of  the  formation  have  part  of  the  evidence  in  their  favor.  A 
peculiar  trait,  marking  the  vegetable  remains  of  the  Anthracite  of 
Switzerland,  is  the  presence,  upon  the  surface  of  the  leaflets  of 
ferns  especially,  of  a  coating  of  very  hard  carbonaceous  matter, 
nearly  transformed  into  graphite,  which  generally  obliterates  the 
nervation,  and  the  deformation  of  these  i)innules  which  are  often 
drawn  and  elongated  on  one  side  of  the  pinneB  while  they  are  con- 

*  flora  fosailis  Helveiise.  Erste  Liefenmg.  Die  Steinkohlenflora.  Zurich. 
1876.    T.  Wurster  &  Co. 
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tracted  or  shortened  and  enlarged  on  the  other.  The  fossil  plants 
of  Rhode  Island  present  exactly  the  same  appearance,  the  aimor- 
phism  of  the  ferns  being  there  still  far  more  distinctly  marked 
than  in  the  species  figured  by  Heer,  and  the  nervation  rendered 
quite  as  obscure  by  the  superposition  of  the  coating  of  hard  coaly 
matter,  apparently  a  transformation  of  the  epidermis  by  heat.  I 
have  tried  to  explain  the  deformation  of  the  ferns,  as  a  result  of  a 
slow  movement  of  upheaval  in  successive  undulations  of  the  strata 
as  it  is  remarked  along  the  beach  of  Newport;  a  movement 
which,  while  the  plants  were  still  in  a  soft  state,  caused  an  exten- 
sion or  traction  to  one  side,  and  therefore  this  peculiar  deforma^ 
tion  of  the  leaflets  when  placed  on  one  side  of  the  line  of  the  force 
of  upheaval  Another  remarkable  coincidence  is,  that  Neuropte- 
ria  cUpina  St.,  a  very  rare  species,  found  in  Europe  only  in  the 
anthracite  of  Switzerland,  is  found  also  at  Newport,  and  has  not 
been  until  recently  seen  anywhere  else  in  the  American  Coal- 
measures.  The  Carboniferous  flora  of  Heer  contains  descriptions 
and  figures  of  one  hundred  species,  seventeen  of  which  are  consid- 
ered as  new  by  the  author. 

Professor  Heer  has,  it  seems,  opportunity  to  study  plants  of 
most  of  the  geological  formations  of  Europe,  and  indeed  his  pro- 
found knowledge  of  fossil  botany  seems  to  render  every  work 
related  to  this  science  an  easy  task  for  him.  He  has  also  recently 
published  a  pamphlet  on  some  Permian  plants  of  Hungary,*  and 
there  describes  one  species  of  Baiera^  one  of  TTlmannia^  two  VoU- 
ziay  one  Schizokpis,  with  six  Carpolithes ;  these  all  new  species. 
The  work  exposed  in  this  short  review,  and  which  scarcely  repre- 
sents two  years  of  the  labors  of  the  celebrated  professor,  would 
make  an  honorable  record  for  a  whole  scientific  life. 

Another  European  paleontologist,  Count  Sapobta  of  Aix,  enjoy- 
ing a  degree  of  celebrity  as  high  and  as  well  merited  as  that  of 
Professor  Heer,  and  e(][ually  versed  in  the  study  of  the  fossil  plants 
of  the  difierent  formations  of  Europe,  has  lately  with  the  assist- 
ance of  his  friend.  Dr.  Marion,  publbhed  the  Pliocene  flora  of 
Maximieux.  By  the  exposition  of  transitional  forms  traced  to  liv- 
ing species  of  the  same  country,  this  flora  is  like  a  link  between 
the  vegetation  of  the  Miocene  and  that  of  the  present  time,  and 
thus  affords  evidence  on  the  succession  and  modification  of  veg- 
etable types  which  has  not  been  obtained  elsewhere  until  now. 
The  workf  describes  thirty-two  species  splendidly  illustrated, 
most  of  the  figures  having  in  contraposition  a  representation  of 
the  living  species  to  which  they  are  compai*ed  as  identical  or 
intimately  related.  The  exhibition  of  this  relation  gives  subjects 
for  consideration  as  instructive  to  Americaa  as  to  European 
botanists,  if  not  more  so.  We  find  in  it  a  species  of  Torreya^  a 
genus  out  of  Europe  now,  but  present  in  California;  Platanua 
aceroidea  var.  cuneifolia  intimately  related  to,  if  not  identical 

*  Ueber  Pennischo  Pflanzen  von  Funfkiroheii  in  Ungam,  von  Dr.  Oswald  Heer. 
Budapert,  (1876.) 
+  Recherches  sur  lea  v^g^taux  f  ossiles  de  Maximieux  par  le  Omte  Ot.  de  Saporta 
le  Dr.  A.  F.  Marion.    Lyon,  etc.    (1876.) 
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with  the  North  American  Flatanus  occidentalism  var.  acerifo- 
lia.  Liguidamhar  Enropeum^  a  Miocene  species  without  relation 
now  in  the  European  flora,  but  reproduced  still  in  that  of  our  con- 
tinent; in  the  family  of  the  Laurinesa  the  group  of  Maximieux  has 
Persea  Carolinensis ;  in  the  Magnolia^  a  species  similar  to  the 
American  M,  grandifolia  ;  and  still  more,  one  Lyriodendrony  a 
Tilia  represented  now  by  our  T,  pubescenSj  and  an  Ilex  related 
to  Z  Cassine.  Thus,  nine  species  of  this  group  of  thirtjr-two 
Pliocene  European  species  belong  by  identity  or  close  affinity  to 
the  present  North  American  flora,  while  ten  only  are  European; 
the  others  beine  related  by  nine  species  to  the  flora  of  the  Cana- 
ry Islands  and  by  four  to  Asiatic  types. 

Besides  its  intrinsic  value,  Saporta's  work  has  a  peculiar  inter- 
est for  the  paleontology  of  this  continent,  where  only,  after  Maxi- 
mieux, materials  pertaming  to  a  pliocene  vegetation  have  been 
obtained ;  first  from  the  Chalk  Bluffs  of  the  Mississippi,  below  the 
mouth  of  the  Ohio,  and  later  and  more  abundantly  from  the  gold- 
bearing  gravel  beds  of  Nevada  County,  California.  From  this 
last  formation  fifty  species  are  known,  and  ten  from  the  former ; 
and  of  these  sixty  species,  forty-six  are  American,  either  identical 
with  or  closely  allied  to  some  species  of  our  present  flora.  Of  the 
number,  six  are  already  represented  in  the  Lignitic  flora  of  the 
Rocky  Mountains,  a  fact  proving  the  long  continuance  of  vegeta- 
ble types  on  this  continent ;  for  the  American  types  of  the  Plio- 
cene of  Maximieux,  JPlatanuSy  Liguidamhar^  Persea^  Magnolia ^ 
LyriodendroUy  etc.,  are  all  already  present  in  the  American  Mio- 
cene as  in  that  of  Europe,  and  therefore  have  not  come  to  us  by 
migration.  This  subject,  however,  of  transformation  and  migra- 
tion of  vegetable  types  is  examined  with  some  more  details  in  a 
memoir  on  the  Pliocene  flora  of  California,  now  in  the  way  of 
publication  as  a  new  volume  on  the  Geology  of  California,  by 
Professor  J.  D.  Whitney.  It  is,  therefore,  more  appropriate  to 
postpone  a  consideration  of  it  for  the  present. 

8.  Preliminary  Note  on  the  Development  of  Organisms  in 
Organic  Infusions;  by  John  Tyndall,  F.R.S.  Received  Janu- 
ary 18,  1877. — I  beg  leave  to  submit  to  the  Royal  Society  a  brief 
preliminary  note  of  the  results  obtained  in  the  further  prosecution 
of  my  researches  "On  the  Optical  Deportment  of  the  Atmosphere, 
with  reference  to  Putrefaction  and  Infection." 

The  very  remarkable  experiments  of  Dr.  Roberts,  of  Manches- 
ter, which  have  been  confirmed  by  Professor  Cohn,  of  Breslau, 
have  been  both  verified  and  contradicted  by  my  recent  researches. 
In  some  cases  alkalized  hay-infusions  have  been  completely  steril- 
ized by  boiling  for  five  minutes,  in  other  cases  they  have  with- 
stood the  boiling  temperature  for  a  far  longer  period. 

Pursuing  with  scrupulous  exactness  the  method  of  experiment 
devised  by  Dr.  Roberts,  and  in  part  followed  by  Professor  Cohn, 
I  have  found  in  other  infusions  than  hay  an  enormous  resistance 
to  sterilization.  A  single  conspicuous  example  will  serve  as  an 
illustration.     Cucumber-infusion  has  been  subjected,  for  intervals 
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varying  from  five  minuteB  to  five  hours  and  a  half,  to  the  boiling 
temperature  without  losing  its  power  of  developing  life.  Two 
days'  exposure  to  a  temperature  of  90°  Fahr.,  subsequent  to  this 
treatment,  sufiiced  to  develop  in  it  swarms  of  Bacteria, 

The  infiision  which  thus  withstood,  in  one  of  Dr.  Roberts's 
*-plugged  bulbs,"  the  temperature  of  boiling  water  for  830  min- 
utes, was  completely  sterilized  in  three  minutes  by  boiling  it  in  a 
small  fiask  with  a  narrow  neck,  and  hermetically  sealing  the  flask 
during  ebullition.  In  the  case  of  the  "plugged  bulbs"  the  ob- 
served resistance  was  due,  not  to  the  genns  of  the  infusion,  but  to 
those  diffused  in  the  air  above  it. 

I  have  also  pursued  my  experiments  with  closed  chambers,  from 
which  the  floating  matter  was  removed  by  self-subsidence.  With 
certain  new  infusions  introduced  into  this  inquiry  faUure  after 
failure  occurred,  two  or  three  days  generally  sufficing  to  fill  the 
boiled  and  protected  liquids  with  Bacterial  life.  The  vegetable 
infusions  usually  became  turbid  throughout ;  but  a  characteristic 
feature  of  the  life  developed  in  all  infusions  during  the  last  three 
months  was  the  formation  upon  their  surfaces  of  a  thick  and  deeply 
pitted  fatty  scum.  Precautions  far  greater  than  those  found  suc- 
cessful a  year  ago  failed  to  protect  these  infusions  from  contami- 
nation. 

I  resorted  to  the  mode  of  calcination  by  an  incandescent  plati- 
num wire,  applied  with  such  uniform  success  in  my  last  inquiry. 
The  wire  was  brought  close  to  its  point  of  frision,  the  period  of 
incandescence  was  doubled,  and  extraordinary  care  was  taken  to 
ward  off  infection  by  a  ring  of  cotton-wooL  The  care  proved 
nugatory ;  for,  in  despite  of  it,  swarming  life  appeared  in  the  in- 
fusions afterwards. 

I  tried  to  reproduce  the  results  with  animal  infusions  obtained 
with  such  ease  and  certainty  a  year  ago.  Some  of  these  old  infu- 
sions, highly  concentrated  by  evaporation,  remain  with  me  to  the 
present  hour ;  they  are  as  clear  as  distilled  water.  But  in  my  re- 
cent experiments,  where  the  care  bestowed  far  exceeded  that 
found  necessary  in  my  last  inquiry,  the  animal  infusions,  like  the 
vegetable  ones,  fell,  for  the  most  part,  into  putrefaction. 

With  hermetically  sealed  flasks,  properly  boiled  and  sealed 
with  due  care  (I  would  emphasize  this  condition),  there  was  no 
difliculty  in  sterilizing  any  of  the  animal  infusions. 

By  the  scrupulous  removal  of  every  possible  source  of  contami- 
nation I  was  able  finally  to  maintain  some  of  the  most  refractory 
of  the  liquids  operated  on  perfectly  pellucid,  in  closed  chambers 
from  which  the  floating  dust  had  disappeared  by  self-subsidence. 

It  is  to  be  noted  that  the  earliest  experiments  of  this  inquiry 
were  quite  in  harmony  with  all  the  results  of  the  former  one,  and 
that  it  was  only  as  time  advanced  that  the  singular  discordance 
between  recent  and  former  results  showed  itself  in  any  marked 
degree.     What  was  the  cause  of  this  discordance  ? 

The  question  is  to  be  answered  by  reference  to  the  experiments 
with  hay-infusions,  which  were  begun  early  and  were  multiplied 
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and  varied  later  on.  By  practice  such  a  mastery  over  these  infa- 
sions  was  at  length  attained  that,  though  the  same  method  of  ex- 
periment was  undeviatingly  pursued,  1  could  contradict  or  cor- 
roborate, at  will,  the  observations  of  Dr.  Roberts  and  Professor 
Cohn. 

On  analyzing  these  apparently  irreconcilable  results,  it  was 
found  that,  in  almost  every  case  where  five  minutes'  boiling  suf- 
ficed to  sterilize  alkalized  hay-infusion,  the  hay  employed  was 
mown  in  1876,  while  in  almost  every  case  where  the  greater  re- 
sistance to  sterilization  was  shown,  the  hay  was  mown  either  in 
1875  or  some  previous  year.  The  hay  found  most  difficult  to 
sterilize  was  from  Colchester,  and  it  was  ^"ve^  years  old. 

To  the  drying  and  hardening  of  the  germs  of  the  old  hay  by 
time  I  ascribe  this  singular  result. 

An  experiment  on  artificially  dried  peas,  as  compared  with  the 
same  peas  undried,  is  not  without  instruction.  After  boiling  for 
an  hour  or  so,  the  undried  peas  become  tasteless,  while  the  dried 
ones  retained  a  considerable  amount  of  flavor.  After  a  couple  of 
hours'  boiling  the  undried  peas  rendered  the  water  in  which  they 
were  immersed  thickly  turbid,  the  liquid  surrounding  the  dned 
peas  remaining  at  the  same  time  perfectly  clear.  The  dried  peas 
were  rendered  soft,  but  many  of  the  green  peas  were  reduced  by 
two  hours'  boiling  to  a  mere  pulp,  the  mixture  of  which  with  the 
water  rendered  it  muddy. 

The  comparative  tastelessness  of  the  undried  peas  proved  that 
their  juices,  which  are  an  essential  factor  of  their  individuality, 
and  probably  also  of  their  power  of  germination,  had  diflxised  into 
the  surrounding  water.  On  the  other  hand,  the  clearness  of  the 
water  which  embraced  the  dried  peas  indicated  a  restriction  of 
the  exchange  of  matter  between  the  peas  and  the  medium  in 
which  they  were  immersed.  The  expenment  threw  light  upon 
the  fact  that  even  with  four  or  five  hours'  digesting,  it  was  impos- 
sible to  make  the  specific  gravity  of  the  samples  of  my  oldest  hay 
sensibly  greater  than  that  of  water.  The  dryness  and  induration 
of  the  old  hay  thus  indicated  being  shared  by  the  germs  attached 
to  the  hay,  endowed  them,  I  doubt  not,  with  their  greater  power 
of  resistance. 

Experiments  have  also  been  made  with  new  hay  dried  artifi- 
cially at  temperatures  varying  from  140°  to  \Qb^  Fahr.,  an  ac- 
count of  which  shall  be  communicated  in  due  time  to  the  Royal 
Society. 

The  difierent  samples  of  hay  employed  in  this  investigation 
were  introduced  in  succession  into  the  laboratory  of  the  Koyal 
Institution,  and  they  ended  by  rendering  the  atmosphere  of  the 
place  so  virulently  infective  that  precautions  which,  under  ordi- 
nary circumstances,  were  more  than  sufiicient  to  secure  perfect 
immunity  from  external  contamination,  were  found  utterly  in- 
effectual. 

Thanks  to  the  friendly  action  of  the  President  of  the  Royal 
Society,  I  was  enabled  to  escape  from  this  atmosphere  to  a  purer 
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air.  I  had  a  aeries  of  tin  chambers  constructed,  which  were  not 
permitted  to  enter  the  Royal  Institution  at  all,  but  were  taken 
straight  from  the  tinman  to  Kew  Gardens.  They  were  mounted 
in  the  excellent  laboratory  recently  erected  there  by  the  munifi- 
cence of  Mr.  Jodrell.  In  this  new  position  the  insuperable  diffi- 
culties encountered  in  London  disappeared,  and  the  experiments 
followed  the  course  of  those  described  in  mj  last  investigation. 
Two  of  the  chambers  gave  way ;  but  on  being  scrutinized  they 
were  found  leaky.  Five  sound  chambers,  on  the  contrary,  re- 
mained perfectly  intact,  and  they  embraced  the  particular  sub- 
stances which  had  given  me  so  much  trouble  in  London.  Infu- 
sions exposed  to  the  common  air  at  Kew  became  rapidly  rotten. 

A  fuller  account  of  these  researches  shall  soon  be  submitted  to 
the  Royal  Society.  In  prosecuting  them  thus  far  I  have  been 
very  ably  assisted  by  Mr.  Cottrell  and  his  junior  colleague  Mr. 
Frank  v  alter. — Proc.  Roy,  Soc,  vol.  xxv,  No.  177. 

9.  On  Seat  as  a  Germicide  whe?i  diacontinuously  applied; 
by  John  Tyndall,  F.RS.  Received  Feb.  14,  1877.  (Letter 
addressed  to  T.  H.  Huxley,  Esq.,  Sec.  R.  Soc,  and  dated  Feb.  14, 
1877.) — In  my  "Preliminary  Note,"  communicated  to  the  Royal 
Society  on  the  18th  of  January,  various  infusions  were  referred  to 
as  manifesting  an  astonishing  resistance  to  sterilization  by  heat. 
This  resistance  was  traced  to  its  source ;  and  I  have  been  since 
informed  that  you  were  good  enough  to  express  at  the  time  a  very 
favorable  opinion  as  to  the  significance  and  value  of  the  results 
indicated. 

It  will,  I  think,  now  interest  you  to  learn  that  the  most  obsti- 
nate of  the  infusions  referred  to  in  the  "  Note  "  have  been  since 
rendered  tractable  by  the  application  of  very  simple  means.  Fol- 
lowing up  the  plain  suggestions  of  the  germ  theory,  I  have  been 
able,  even  in  the  midst  of  a  virulently  infective  atmosphere,  to 
sterilize  all  the  infusions  by  a  temperature  lower  than  that  of 
boiling  water. 

It  is  known  that  the  prolonged  application  of  a  low  tempera- 
ture is  often  equivalent  to  the  brief  application  of  a  higher  one : 
and  you  may  therefore  be  disposed  to  conclude  that  in  the  experi- 
ments here  referred  to  I  have  substituted  time  for  intensity.  Thb, 
however,  is  not  the  case.  The  result  depends  solely  upon  the 
manner  in  which  the  heat  is  applied.  For  example,  I  boil  an  in- 
fusion for  fifteen  minutes,  expose  it  to  a  temperature  of  90°  Fahr., 
and  find  it  twenty-four  hours  afterward  swarming  with  life.  I 
submit  a  second  sample  of  the  same  infusion  to  a  temperature 
lower  than  that  of  boiling  water  for  five  minutes,  and  it  is  ren- 
dered permanently  barren. 

The  secret  of  success  here  is  an  open  one.  I  have  already  re- 
ferred to  the  period  of  latency  which  precedes  the  clouding  of 
infusions  with  visible  bacteria.  During  this  period  the  germs  are 
being  prepared  for  their  emergence  into  the  finished  organism. 
They  reach  the  end  of  this  period  of  preparation  successively — the 
period  of  latency  of  any  germ  depending  upon  its  condition  as 
regards  dryness  and  induration.     This,  then,  is  my  mode  of  pro- 
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oeeding :  before  the  latent  period  of  any  of  the  germs  has  been 
completed  (say  a  few  hours  after  the  preparation  of  the  infusion), 
I  subject  for  a  brief  interval  to  a  temperature  which  may  be  under 
that  of  boiling  water.  Such  softened  and  vivified  eerms  as  are  on 
the  point  of  passing  into  active  life  are  thereby  killed ;  others  not 
.  yet  softened  remain  intact  I  repeat  this  process  well  within  the 
mterval  necessary  for  the  most  advanced  of  those  others  to  finish 
their  period  of  latency.  The  number  of  undestroyed  germs  is 
further  diminished  by  this  second  heating.  After  a  number  of 
repetitions,  which  vanes  with  the  character  of  the  germs,  the  infu- 
sion, however  obstinate,  is  completely  sterilized. 

The  periods  of  heating  need  not  exceed  a  fraction  of  a  minute 
in  duration.  Sum  them  up  in  the  case  of  an  infrision  which  they 
have  perfectly  sterilized;  they  amount  altogether  to,  say,  five 
minutes.  Boil  another  sample  of  the  same  infusion  continuously 
for  fifteen  or  even  sixty  minutes,  you  fail  to  sterilize  it,  although 
the  temperature  is  higher  and  its  time  of  application  more  than 
tenfold  that  which,  discontinuously  applieo,  infallibly  produces 
barrenness. 

In  a  few  weeks  I  hope  to  bring  this  entire  subject  under  the 
notice  of  the  Royal  Society. — Proc  Boy,  Soc,^  Feb.  1,  1877,  vol. 
XXV,  No.  178,  p.  669. 

III.  Miscellaneous  Sciektipic  Intelligence. 

1.  NcUional  Academy  of  Sciences. — At  the  session  of  the  Na- 
tional Academy,  held  m  Washington,  April  17-20,  1877,  the  fol- 
lowing new  members  were  elected:  Elliott  Coues,  U.  S.  A., 
Washington,  D.  C. ;  John  W.  Draper,  New  York ;  Henry  Draper, 
New  York ;  S.  H.  Scudder,  Cambridge,  Mass. ;  C.  S.  Peirce,  Cam- 
bridge, Mass. 

The  following  is  a  list  of  the  papers  read  at  the  meeting : 

On  a  new  measuring  instrument :  the  yemier  miorosoope ;  by  A.  M.  Mater. 
On  the  laws  ruling  the  vibration  of  tuning-forks ;  bj  A.  M.  Mayeb. 
On  the  determination  of  the  coefficient  of  expansion  of  solids ;  by 'A.  M.  Mayeb. 
On  some  remarkable  facts  in  the  distribution  of  magnetism  in  very  long  (6  ft  i  in.) 
magnets ;  by  A.  M.  Mater. 
On  systematic  errors  in  star  declinations;  by  B.  C.  PiCKBRmG  an4  W.  A. 

BOGEBa 

Micrometer-level  and  topographical  camera;  by  E.  C.  PiOKEBmo. 

On  the  young  stages  of  some  osseous  fishes ;  by  Alex.  Aoassiz. 

The  results  of  deep-sea  dredgings ;  by  Alex.  Agassiz. 

On  critical  periods  in  the  hic^ry  of  ttie  earth,  and  their  relations  to  evolution, 
and  on  the  Quaternary  as  such  a  period ;  by  Joseph  LbOonte. 

On  the  structure  of  the  crystalline  lens,  and  its  relation  to  perisoopism;  by 
Joseph  LeConte. 

On  the  progressive  motion  of  storms ;  by  Wiluaic  Febbel. 

Contribution  to  Meteorology ;  by  Elias  Loomi&    (^th  paper.) 

Improved  method  of  obtaining  metallic  spectra;  by  G.  F.  Babkeb. 

On  the  effect  produced  by  mixing  white  with  colored  light;  by  O.  N.  Rood. 

On  Newton's  use  of  the  term  indigo  with  reference  to  the  color  of  the  spectrum ; 
by  0.  N.  Rood. 

Internal  structure  of  the  earth  as  affecting  the  phenomena  of  precession  and 
nutation:  supplementary  to  artide  under  this  head  read  before  the  Academy,  and 
published  in  voL  xiii,  Smithsonian  Contributions;  by  J.  G.  Babnabd. 
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A  proposed  new  method  in  solar  spectrum  analysis ;  by  S.  P.  Langlet. 

On  some  researches  in  the  theory  of  invarients ;  by  J.  J.  Stlvestbb. 

Peculiarities  noticed  in  the  oxidation  of  aromatic  sulpho-acids ;  by  Iba  ] 

On  complex  inorganic  acids ;  by  Woloott  Gibbs. 

Description  of  a  detached  gravity  escapement;  by  C.  A.  Youkq. 

Remarks  on  the  apparent  secular  acceleration  of  the  mean  motion  of  the  moon, 
as  derived  from  the  observations  of  the  ancient  eclipses ;  by  Sdion  Nbwcoicb. 

Researches  in  linear  theory ;  by  Geo.  W.  Hill. 

On  the  structure  of  the  "  Henry"  Mountains ;  by  G.  K.  Gilbebt. 

On  the  public  domain ;  by  J.  M.  PowBUi. 

Remarks  on  some  artesian  wells,  along  the  line  of  the  Union  Padfic  Railroad 
in  Wyoming  Territory ;  by  P.  V.  Hatdbn. 

2.  Mccrementitioua  deposits  in  the  Rocky  Mountain  region, — 
A  paper  on  these  deposits,  in  Nevada,  by  H.  W.  Hbnshaw  (Proc. 
Acad.  ScL  Philad.,  1877,  39)  sustains  the  view  of  Pro£  Cope,  that 
they  were  made  by  the  big-eared  rats,  a  species  of  Neotoma^  and 

Erobably  -A^.  cinerea.  They  consist  of  vegetable  matter,  as  shown 
y  the  chemical  analysb  of  Dr.  Lobw,  in  the  volume  on  Zoology, 
of  Lieutenant  Wheeler's  expedition.  Part  have  a  bitumen-like 
look,  and  others  vaiy  from  this  to  pill-like  excrements.  In  a 
crevice  of  the  rocks  one  deposit  had  a  aepth  of  two  feet,  and  con- 
tained also  small  twigs  and  some  birds'  leathers.  ^^  The  mass  was 
evidently  the  accumulation  of  years,  and  had  served  as  a  nest. 
Throughout  was  a  large  amount  of  hard  droppings  from  which 
the  unne  had  passed,  and  whose  nature  was  unmistakable.  The 
urine,  charged  with  a  certain  amount  of  excrementitioiis  matters, 
had  filtered  through  to  form  the  singular  deposits."  Water  or 
the  urine  has  carried  the  portions  it  could  dissolve  down  the  faces 
of  walls  and  deposited  it  on  shelves  where  no  animals  without 
wings  could  reach,  and  sometimes  on  the  roofs  of  cavities.  All 
the  regions  where  these  deposits  occur  are  inhabited  by  the  Neo- 
toma^  which  is  eminently  a  vegetarian. 

3.  Fourth  Annual  Keport  of  the  New  Jersey  State  Board  of 
Agriculture  for  the  year  1876.  196  pp.  8vo.  Trenton,  N.  J. — 
Besides  details  of  economical  importance,  this  Report  contains  an 
account  of  the  Green  sand  beds  of  the  State  by  Prof.  G.  H.  Cook 
(Secretary  of  the  Board)  with  sections,  and  detailed  descriptions, 
and  many  analyses  of  the  ^reen  sand  and  clayey  marls.  All  belong 
to  the  Cretaceous,  excepting  the  upper  layer  of  the  Upper  Green 
sand,  which  is  Eocene  Tertiary.  The  value  of  the  green  sand 
marl,  in  agriculture,  is  treated  of  at  length.  There  is  also  an 
account  of  the  Miocene  Tertiary  marls  of  the  State. 

4.  Primer  of  Chemistry ^  including  analysis  :  by  A  Vacher. 
108  pp.  12mo.  London,  1877.  (Churchill).— The  author  states 
that  this  little  book  represents  ten  years'  experience  in  teaching 
the  rudiments  of  chemistry  and  analysis.  The  term  unit  replaces 
atom  and  molecide,  and  antimetal  serves  in  place  of  radical,  and 
the  student  is  left  to  guess  at  the  meaning  of  atomic  weight  and 
equivalent,  these  terms  not  being  found  in  the  book.  The  science 
is  compressed  into  a  small  compass,  but  the  condensation  passes 
the  limit  of  clearness.  b.  s. 

6.   Correction, — Comet  b,  1877,  was  discovered  by  Winnbckb, 


Digitized  by  VjOOQIC 


INDEX    TO    VOLUME    XIII.* 


Academj,  National,  April,  1877,  481. 
AdamSf  A.  L,.,  saurian  yeri^bra  from  the 

Arctic  regions,  316. 
Ag<is9iz,  A.,  echinoderms  of  "Porcupine" 

and  "Challenger"  expeditions,  164. 
zoology  of  "ChaDenger"  expedition, 

165. 
Ake8ioride$f  action  of  fuming  nitric  add 

on  coal  gas,  301. 
AUantoin,  synthesis  of,  218. 
Allen,  J.  A.,  American  Bison,  76. 
Aluminium  in  steel  and  iron,  Blavr^  421. 
Aniline  manufacture,  Jackson,  449. 
Arescfumgj  J.  JSl,  Copulation  of  Microso- 

ospores,  164. 
Amott,  N.,  Elements  of  Physics,  244. 
Astronomical  myths,  404l 

publications,  Lord  Lindsay,  398. 
Atlantic,  shoal  in,  326. 
Atmosphere  of  Rocky  Mts.,  Draper,  89. 
Auerbach,  vowel  "clang,"  378. 
Austen,  P.  71,  dinitroparadibrombenzols, 

95. 
nitro-derivatiyee  of  diphenylamine, 

279. 
nitrogen  compounds,  noticed,  68. 
Aymonnet,  properties  of  chemical  sub- 
stances, 217. 
diathermaneity  of  metals  and  paper, 

303. 

B 

Baillon,  H.,  Dictionnaire  de  fiotanique, 

320. 
Balance-beams,  rock  crystal  for,  216. 
Barker,  O.  F,,  chemical  abstracts,  56, 146, 

216,  299,371,461. 
Barren,  S.  T.,  Lower  Helderbergof  Port 

Jervis,  N.  T.,  385. 
Becquerel,  E.,  ultra  red  spectrum,  379. 
BeU,  T.,  loess  of  Rhme  and  Danube,  383. 
Benzol  compounds,  Austen^  96. 

derivatives  of,  376. 
Berduioi,  constitution  of  phosphates,  56. 
detection   of  ordinary  alcohol   in 
wood  spirit,  218. 

chemical  actions  of  the  silent  elec- 
tric discharge,  371. 
action  of  ozone  on  nitrogen,  372. 
Berffufud,  E.  S.,  meteorology  of  Golden, 
Colorado,  326. 


Bianconi,  plasticity  of  ice,  69. 
Binocular  phenomena,  LeConte,  262. 
Blair,  A,  A.^  chromium  and  aluminium 

in  steel  and  iron,  421. 
BUtke,  J.  F.,  astronomical  myths,  404. 
Blasema,  P.,  sound  in  relation  to  music, 

168. 
Bonuski,  velocity  of  chemical  reactions, 

299. 
Boisbaudran,  properties  of  ^^ium,  69. 
BoHemann,  kinetic  theory  of  gases,  378. 
Boricky,  E.,  igneous  rooks  of  Bohemia, 

162. 
Boron,  so-called  crystaHized,  Hampe,  66. 
Botany — 

Dextrorse  and  sinistrorse,  236,  391. 

Elliott's  Botany,  81,  392. 

European  flora,  geographical  statistics 
of,  83. 

Fertilization,  cross-  and  self-,  126. 

France,  tender  trees  and  shrubs  of, 
471. 

Fungi,  recent  papers  on,  322. 

Qelsemium  sempervirens,  58. 

Gnetum  gnemon,  female  flower  of,  469. 

Helianthus  tuberosus,  347. 

Homogone  and   heterogone  flowers. 
Gray,  82. 

Maize  fodder,  Johnson,  202. 

Microzoosporee,  conjugation  of,  164. 

Mistletoe,  238. 

destruction  of  trees  by,  322. 

Monocotyledons,  394. 

Onion  smut,  Farlow,  392. 

Orchids,  fertilization  of,  noticed,  396. 

Sugar  beet,  alcohol  from  leaves  of,  218. 

Sweet  Potato,  Johnson,  197. 

Tendrils,  coiling  of,  391.    uCiV  M 

Ulothrix  zonata,  reproduction  of,  163, 

Vegetation,  Gilh^  20,  99,  181. 

See  also  under  Geoloot. 
Bressa  Prize,  Turin  Acad.  Sci.,  167. 
Broadhead,   O.  C,  barite  and   gothite 

from  Missouri,  419. 
Buffalo  Soc.  Nat  Sci,  Bulletin  of,  326. 

c 

CaiUetet,  L,,  measurement  of  high  pres- 
sures, 303. 
California  State  Geological  Society,  326. 
Carbon  dioxide,  66. 
Carbon,  in  lumhious  flames,  217. 
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*  Tbe  iDdex  contolns  the  general  beads  Borjurr,  Gxoloot,  MunMAUoer,  ZooLoeT,  and 
under  each  the  titles  of  Arttclee  referring  thereto  are  mfjitioned. 
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Carpenter^  W.  A,  physical  investigationa 
on  the  "  Valorous,"  437. 

Challenger  expedition,  zoology  of,  165. 

Chamberlain,  T.  C,  geologicS  survey  of 
Wisconsin,  230. 

Chapman,  E.  J.,  Geology  of  Canada,  81. 

Chemical  reactions,  velocity  of,  299. 

Chemistry  and  physics  in  America,  61. 

Chemist's  maniial,  404. 

Chester,  A.  K,   identity   of   peganite, 
varisdte  and  callainite,  295. 
sepiolite  from  Utah,  296. 

Chittenden,  R,  H.,  flesh  of  halibut,  123. 

ChristomaiioB,  iodine  trichloride,  461. 

Chromium  in  steel  and  iron,  Eki/ir,  421. 

Chronometers,  oompensation  in,  JameSy 
113. 

Claeaaon,  ethyl-meroaptan,  463. 

Clarke,  F.  W.,  notes  on  mineral  analysis, 
fluorides,  molecular  volumes,  290. 

Clayden,  spectra  of  indium,  57, 

Cleve,  two  new  dichlomaphthalenes,  148. 

Clo€9,  copper  in  blood  of  wild  animals, 
464. 

Coffin,  J,  H.,  winds  of  the  globe,  273. 

Color,  sensation  of,  Pevrce,  247. 

Columbic  add  minerals,  Smilh,  359. 

Combustion,  inoredse  of  weight  by,  304. 
influence  of  pressure  on,  220. 

Comets  in  1877,  399,  400, 482. 

Conrad,   T.  A.,    relations   of   Balanue 
Estrellanus  of  California  Miooene,  156. 

Cook,  G.  H.,  report  of  the  state  geologist 
of  New  Jersey,  231. 

Cooke,  J.  P.,  Jr.,  new  mode  of  manipulat- 
ing hydric  sulphide,  427. 

Cope,  K  D.,   fossil   vertebrates   from 
Montana,  316. 

Copper  in  blood  of  wild  animals,  464. 

Coumarin,  synthesis  of,  463. 

Orommydis,  glycollic  acid,  302. 

Crow,  hypovanadic  oxide  and  its  com- 
pounds, 147. 

Croeier,  R  S,,  destruction  of  forest  trees 
by  mistletoe,  322. 

Cyanamide,  constitution  of,  462. 

Cygnus,  new  star  in,  395. 


Dan<i,  E,  S,,  mineralogical  notes,  1 62, 31 8. 

text-book  of  Mineralogy,  317. 
Dana,  J.  D.,  note  on  the  glacial  era,  79. 
A.  Wing's  discoveries  in  Yermont 
geology,  332,  405. 
Darwin,  C,  fertilization  of  orchids,  395. 

cross-  and  self-fertilization,  125. 
Da/rwin,  O.  K,  influence  of  geological 

changes  on  the  earth's  axis,  444. 
Dawson,  Or.  M.,  locusts  in  Manitoba, 

1875,  401. 
DeCandoUe,  coiling  of  tendrils,  391. 


Decha/nt,  polarization  of  the  rainbow,  465. 

IMafimiaine,  hermannolite  and  samars- 
kite,  390. 

Delesse,  Revue  de  G^logie,  315. 

DiOer,  J.  S.,  Westfield  during  the  Cham- 
plain  period,  262. 

Diphenylamine,  derivatives  of,  Austen, 
279. 

Dodd,  A.,  Ulothrix  ssonata,  163.  • 

Draper,  K,  astronomical  observations 
on  atmosphere  of  Rocky  Mountains,  89. 
spectra  of  Yenus  and  a  Lyrse,  95. 

Draper,  J,  W,,  Chemistry  and  Physios 
in  America,  61. 
researches  in  Physics,  67. 

E 

Ehman,  atomic  weight  of  selenium,  462. 
Electric  discharge,  chemical  actions  of, 

371. 
Electridty,  velodty  of,  60. 
Elsaesser,    evolution    of    hydrogen    in 

electrolysis,  217. 
Emodin  from  bark  of  buckthorn,  148. 
Engineer's  report,  1876,  402. 
Ethyl-mercaptan  and  its  derivatives,  463. 
EuereU,  underground  temperatures,  452. 


Farlow,  W.  0.,  botanical  notices,  163, 322. 

onion-smut,  392. 
Fat-extraction,  Johnson,  196. 
FUsH,  constitution  ol  cyanamide,  462. 
Films,  metallic,  Wright,  49. 

of  water,  161. 
Fischer,  phthaleins  of  tertiary  aromatic 

bases,  149. 
Flames,  luminous,  theory  of,  217,  220. 

sensitive,  219. 
Fluorescence.  380,  466. 
Fluorides,  note  on,  Clasrke,  291. 
Fog-signals,  Henry,  161. 
Fontaine,   W.  K,  vespertine  strata  of 

Virginia,  37,  116. 
Ford,  8.  W.,  Microdiscus  spedosus,  141. 

embryonic  forms  of  Mobites,  266. 
Forest  and  prairie  regions,  origin  of,  81. 
Friction,  laws  of,  KwnbaU,  353. 


Gallium,  physical  properties  of,  59. 
QaUoi,  scrophantine  and  ineine,  464. 
Gardner,  J.  T.,  topogpraphical  survey  of 

the  State  of  New  York,  244. 
Gases,  kinetic  theory  of,  378. 
G«ikie,  J.,  Great  Ice  Age,  81. 
Gtoinitz,  H.  B.,  geology  and  paleontology 

of  the  Argentine  Republic,  233. 
Genth,  F.  A.,  Report  on  the  Mineralogy 

of  Pennsylvania,  317. 
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Gbolooioal  Reports  ob  Subvets— 
Alabama,  230. 
Fortieth  Parallel  (King's),  Microscopic 

Petrography,  by  F.  Zirkel,  309. 
Kentud^,  'i4. 
Montana  Territory,  228. 
New  Jersey,  231. 
Pennsylvania,  76. 

Territories  (Hayden's),  68,229,387,468. 
Victoria,  157. 
West  of  100th  Meridian  (Wheeler*sX 

85.  468. 
Wisconsin,  230. 
Geological  Society  of  London,  326. 
Geologt — 
Arctic  regions,  saurian  from,  316. 
Balanus  EstrelJanus,  relations  of,  156. 
Basalt,  312. 
Belemnocrinus,  revision  of  the  genus, 

Wachsmuth  and  Springer^  253. 
Belgium,  plutonic  rocks  of,  234. 
Botany,  fossil,  works  on,  472. 
Carboniferous,  relation  of  to  Permian, 

315. 
Carboniferous  flora,  222. 
Connecticut  valley  Helderberg,  313. 
Cretaceous  of  Queen  Charlotte  Is.,  157. 
Dolerytes,  iron  in,  Hatoes^  33. 
Earth's  axis  as  aiffected  by  geological 

changes,  444. 
Elephant,  fossil,  167. 
Eolian  limestone  of  Vermont,  fossils 

in,  A.  Wing,  382,  406. 
Feldspathic  rocks,  solubility  of,  316. 
Glacial  era,  note  on,  79. 
Glaciation  of  Shetland  Islands,  155. 
Glaciers  in  the  Urals,  232. 
"Greenstones"  of  Cornwall,  169. 
Huronian    rocks    of   Lake    Superior 

region,  245. 
Long  Island,  heights  on,  235,  403. 

water-courses  on,  142,  215. 
Japan,  porcelain  rocks  of,  389. 
Kudaruyamite,  389. 
Microdiscus  speciosus,  Ford^  141. 
Miocene  in  Southern  New  Guinea,  157. 
Paleozoic  fossils,  catalogue  of,  389. 
Pennsylvania,  Paleozoic  of,  384. 
Phenomena  of  North  America,  76. 
Phosphates  in  rocks,  234. 
Porcelain  rocks  of  Japan,  389. 
Port  Jervis,  lower  Hedderberg  of,  386. 
Propylyt©!  311. 

Rhine  and  Danube,  the  loess  of,  383. 
Rhyolyte,  312. 
Rocky  Mountains,  age  of,  in  Colorado, 

Peak,  172,  388;  Stevenson,  297. 
Salt  regions  of  Groderich,  Canada,  231. 
Sandbars  of  Wisconsin  river,  154. 


Stromatopora,  157, 
Syenitic  moimtains  of  Ditro,  159. 
Am.  JotJR.  8ci.— Thibd  Sbbiss,  Vol.  Xm,  No,  78.--Jukb,  1877. 
32 


Gbolooy— 
Time,  estimation  of,  Beade,  314. 
Trilobites,  233. 

monogn^h  of,  80. 
embryonic  forms  of,  Ford,  265. 
Vermont,  Wing's  discoveries  in,  Dana, 

382,  405. 
Vertebrates  from  Montana,  316. 
Virginia,  vespertine  strata  of,  37, 115. 
Westfield  during  Champlain  period, 

DiUer,  262. 
Wisconsin,  crystalline  rooks  of,  307. 
Georgia,  agricultural  report,  245. 
Oibbs,  J.  W,,  equilibrium  of  heterogene- 
ous substances,  380. 
Gilbert,  J.  K,  points  in  connection  with 

vegetation,  20,  99,  181. 
Glass,  is  it  impervious  to  gases  ?  464. 
Glyoolllc  add,  preparation  of,  302. 
Glyoxaiyl-urea,  decomposition  of,  463. 
Graduated  circles,  rock-crystal  for,  216. 
Grand'eury,  Carboniferous  flora,  222. 
Gray,  A.,  botanical  notices,  81,  236,  320, 
391,  469. 
Elliott's  Botany,  81,  392. 
homogone  and  heterogone  flowers, 
82. 

Darwin  on  cross-  and  self-fertiliza- 
tion, 125. 
dextrorse  and  sinistrorse,  236,  391. 
Helianthus  tuberoeus,  347. 
female  flower  of  Gnetum  Gnemon, 
469. 
Grimaux,  synthesis  of  allantoin,  218. 
Groth,  new  Mineralogical  Journal,  162. 
Guillemin,  A.,  Physical  Forces,  246. 


Hampe,  so-called  crystallized  boron,  66. 

Hardy,  strophantine  and  ineine,  464. 

Hartley,  liquid  carbon  dioxide,  66. 

Hawea,  G.  W.,  iron  in  dolerytes  33. 

Hayden,  F.  V.,  publicadone  of  expedi- 
tion under,  68,  229,  387,  468. 

Heat  as  a  germicide,  TyndaU,  480. 
See  TempercUure. 

Heer,  O.,  Arctic  fossil  flora,  320. 

Height  of  "West  Hills,"  Long  Isl.,  403. 

Hmry,  J.,  fog-signals,  151. 

Henahaw,  H  W.,  excrementitious  deposits 
in  the  Rocky  Mountain  region,  482. 

Hermann,  Neptunium,  373. 

Herzfeld,  syntliesis  of  coumarin,  463. 

Heumann,  carbon  in  luminous  flames,  217. 

Heycock,  spectra  of  indium,  57. 

Himnann,  K,,  luminous  flames,  220. 

Hitchcock,  C.  H.,  Connecticut  valley  Hel- 
derberg, 313. 

Home,  J.,  glaciation  of  Shetland  Is.,  155. 

Huggins,   W.,   photographic  spectra  of 
stars,  324. 
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J7tmi,  T,  S.,  salt  region  of  Qoderich, 

Canada,  231. 
Hydric  sulphide,  Cooke,  427. 
Hydrogen  in  electn^sis,  217. 

purification  of,  146. 
Hjdroquinone,  preparations  of,  57. 
HypoTanadic  oxide,  147. 

I 

lee,  plasticity  of,  59. 

loe  work  in  Newfoundland,  155. 

Illinois  Mus.  Nat  Hist.,  Bulletin,  245. 

Indium,  spectra  of,  57. 

Induction  coil,  221. 

Iodine  trichloride,  461. 

Irving,  R,,  crystalline  rocks  of  Wis.,  307. 

J 

Jackson,  C.  L.,  waste-product  in  the 
aniline  manufacture,  449. 

Jacquemin,  rhodein,  a  new  test  for  ani- 
line, 219. 

James,  J.  B.,  compensation  in  chronom- 
eters, 113. 

Johnson,  8.  W.,  apparatus  for  quantitatiye 
fat-extraction;  composition  of  sweet 
potato;  of  maize  fodder,  196. 

estimation  of  nitrogen  in  nitrates, 
260. 

Johnson,  potassium  triiodide,  463. 


Kajander,  velocity  of  chemical  reactions, 
299. 

KimhaU,  A.  8.,  laws  of  friction,  353. 

Knobel,  E.  B.,  Catalogue  of  Astronomical 
papers  and  researdies,  87. 

Eoninck,  Paleozoic  fossils  of  South  Aus- 
tralia, 158. 

L 

Ladenburg,  equivalence  of  nitrogen,  301. 

Lapparent,  Revue  de  G^logie,  315. 

Lea,  M.  C,  sensitiveness  to  light  of  salts 
of  silver,  369. 

Le  Conte,  J.,  note  on  binocular  phenomena 
observed  by  Prol  Nipher,  252. 

LeConte,  J.  L.,  Bynchophora,  242. 

Leidy,  observations  on  Rhizopods,  239. 

Lesquereux,  notices  of  works  on  vegetable 
paleontology,  472. 

L^is,  E.,  water  courses  on  Long  Island, 
142,  215. 
heights  on  Long  Island,  235. 

lA«^)€irmann,  emodin  from  bark  of  buck- 
thorn, 148. 

Light,  absorption  of,  304. 

Lippich,  absorption  of  light,  304. 

Lippmann's  electrometer,  304. 

Liversidge,  A.,  minerals  of  New  South 
Wales,  162. 

Lommel,  fluorescence,  380, 466. 


Long  Island,  heights  of,  235,  403. 
water  courses  on,  142,  215. 

Loomis,  E,  contrib.  to  meteorology,  1. 

Lougumine,  constitation  of   the  phos- 
phates, 56. 

Ludlow,  W.,  report  of  a  reconnaissance 
from  Carroll,  Montana  Territory,  228. 

M 
Martin,  C,  origin  of  tender  shrubs  and 

trees  in  the  South  of  France,  471. 
MaUhey,  M.  0.,  standard  meter,  149. 
Mateger,  W.  0.,  fossil  elephant  in  Wash- 
ington Territory,  157. 
McCook,  habits  of  Formica  rufa,  241. 
Medicus,  glyoxalyl-urea,  463. 
Meek,  F.  B.,  obituary,  White,  169. 
Melezitose,  374. 
Mendele^,  Mariotte's  law,  58. 
Mendelsohn,  beech-wood  tar-creosote,  302. 
Metals,  diathermaneity  of,  303. 
Meteor  of  Dec.  21st,  1876, 166. 
Meteoric  stone  and  irons,  Smith,  211. 

of  Rochester,  Indiana,  Shepwrd,  207. 

recent  falls  of,  Smith,  243. 
Meteorology,  contributions  to,  Loomis,  1, 

of  Golden,  Colorado,  326. 
Meter,  standard,  149. 
Metric  System,  244. 
Meyer,  E,  v.,  platinic  sulphide,  301. 
Meyer,  V.,  increase  of  weight  by  com- 
bustion, 304. 

equivalence  of  nitrogen,  373. 
Microscopical  Society,  New  York,  326. 
Mihe,  S.,  ice  work,  Newfoundland,  155. 
Mineral  analysis,  note  on,  Clarke,  290. 
Mineralogical  Magazine,  162. 
Mineralogy,  Grol£*s  Journal  of,  162. 

MlHBRALS — 

Barite  from  Missouri,  Broadhead,  419. 

Columbite,  361,  362. 

Enysite,  162. 

Euxenite,  365,  369. 

Fergusonite,  367,  369. 

Gd£ite£rom  Missouri,  Broadhead,  420. 

Guanajuatite,  319. 

HatchettoUte,  365,  369. 

Henwoodite,  162. 

Hennannolite,  390. 

Hydrocastorite,  318. 

Iron  in  dolerytes,  Hctioes,  33. 

Lawrencite,  HI 8. 

Ludlamite,  318. 

Microlite,  368. 

Opal,  326. 

Peganite,  identity  of,  Chester,  295. 

Pelagite,  318. 

Rogersite,  367,  369. 

Samarsklte,  234,  362,  369,  390. 

Scheelite  containing  gold,  451. 

Sepiolite,  fibrous,  Chester,  296. 
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llnnBAis — 

SUftonite,  319. 

Strengite,  318. 

TriphyUte,  Penfieidy  425. 

Tttrotantalite,  369. 
Missouri,  chemical  contributioDS,  468. 
Molecular  volumes,  Clarke,  292. 

weights  and  heat-absorbing  power 

of  chemical  substances,  217. 
Moon,  Hansen's  tables  of,  87. 

H 

Naphthalenes,  148. 

Neesen,  the  radiometer,  466. 

Neptunium,  a  new  metallic  element,  373. 

Newcomb,  j9.,  inyestigation  of  corrections 
to  Hansen's  tables  of  the  Moon,  87. 

New  Jersey,  Agricultural  report,  482. 

Newtonj  K  A,y  meteor  of  Dec.  2l8t,  1876, 
166. 

yUson,  plato-  and  diplato-nitrites,  147. 

NipTier,  F,  E.,  binocular  vision,  35. 

Nitric  add,  action  of  on  coal  gas,  301. 

Nitrites,  plato-  and  diplato-,  147. 

Nitrogen,  action  of  ozone  on,  372. 
compounds,  58. 
equivalence  of,  301,  373. 
in  nitrates,  estimation  of,  Johnson, 
260. 

Nova  Scotia,  Institute  of  Nat  Sd,  pro- 
ceedings of,  321. 

0 

Obituabt— 

Bennett,  J.  J.,  237. 

Brann,  Alexander,  471. 

Brongniart,  A.  T.,  237. 

Oarson,  Joseph,  238. 

Davis,  Bear  Admiral  G.  H.,  246. 

Ehrenberg,  C.  G.,  238. 

Forbes,  David,  88. 

FtUikel,  Leopold,  238. 

Hofmeister,  Wilhelm,  238. 

Meek,  F.  B.,  88,  169. 

Newman,  Edward,  238. 

Notaris,  Joseph  de,  322. 

Poggendorf,  J.  C,  246. 

Smee,  Alfred,  246. 

Smith,  Lady,  321. 

Waltershausen,  W.  S.  von,  326. 

Wilkes,  Bear  Admiral  Charles,  246. 
Observatory,  U.  S.  Naval,  instruments 

and  publications  of,  242. 
Organic  liquids,  phosphorescence  of,  374. 


Palaeontographica  of  Prussia,  389. 
Palladium,  in  alcohol  flame,  148. 
Paper,  diathermaneity  of,  303. 
PtiUe.  A,  O.J  age  of  the  Rocky  Moun- 
tains in  Colorado,  172,  388. 


Peiree^  0.  S,,  sensation  of  color,  247. 

Pmfiddy  8,  L.y  chemical  composition  of 
triphylite,  425. 

Pennsylvania,  paleozoic  rodcs  of  central, 
384. 

Petm-»[  a  H.  K,  orbit  of  Urda  (167),  112. 
a  new  planet,  242. 

PeMerson,  atomic  weight  of  Belenium,462. 

PhiO^,  J,  A.,  "  Greenstones  "  of  West- 
em  ComwiUl,  159. 

Phosphates,  constitution  of,  56. 

Phosphorescence  of  organic  liquids,  374. 

Phthaleins,  149. 

Physics,  researches  in,  67. 

Pickering,  E.  (7.,  physical  notices,  58, 
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Art.  L — Contribuiions  to  Meteorology^  being  results  derived  from 
an  examination  of  the  Observations  of  the  United  States  Signal 
Service^  and  from  other  sources  ;  by  Elias  Loomis,  Professor 
of  Natural  Philosophy  in  YaJe  CoUega  Seventh  paper. 
With  plates  1, 11  and  III.     - 

[Read  before  the  National  Academj  of  Scieaoes,  Waahington,  April  18, 1877.] 

Hainroreas — their  form,  dimensions^  movements  j  distribution^  etc. 

In  my  last  paper  I  examined  all  those  cases  in  which  the 
rain-fall  was  uncommonly  great  at  any  one  of  the  Signal  Ser- 
vice stations  during  a  period  of  fifteen  months  (Sept.  1872,  to 
Nov.  1878).  I  propose  now  to  consider  those  cases  in  which 
the  total  rain-fall  for  all  the  stations  was  uncommonly  great 
The  following  table  exhibits  all  the  cases  in  which  the  total 
rain-fall  at  all  the  stations  amounted  to  at  least  eight  inches  in 
a  period  of  eight  hours.  Column  1st  contains  the  number  of 
reierence ;  column  2d  shows  the  day  and  hour  of  observation 
(the  numeral  one  denotes  the  observation  at  7*"  85™  A.  M. ;  two 
denotes  the  observation  at  4.86  P.  M. ;  and  three  denotes  11  P.  M.) 
column  8d  shows  in  inches  the  total  rain-fall  at  all  the  stations 
during  the  preceding  eight  hours ;  column  4th  shows  the  station 
at  which  the  greatest  rain-fall  was  recorded ;  column  5th  shows 
the  amount  of  rain  observed  at  the  station  mentioned  in  column 
4th ;  column  6th  shows  the  state  of  the  barometer  at  the  same 
station ;  column  7th  shows  the  state  of  the  barometer  at  the 
nearest  center  of  minimum  pressure;  column  8th  shows  the 
direction  of  the  rain  center  mentioned  in  column  4th  from  the 
center  of  low  pressure  mentioned  in  column  7th ;  column  9th 
shows  the  distance  of  the  rain  center  from  the  center  of  low 

Ax.  JouB.  Sol— Thibd  Sbbiu,  Vol.  XTV,  Na  79.»Jult,  1877. 
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hours. 
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pressure  expressed  in  English  miles ;  column  11th  shows  the 
direction  and  force  of  the  wind  at  the  place  mentioned  in  col- 
umn -tth  and  at  the  date  given  in  column  2d ;  and  column  10th 
shows  the  direction  and  force  of  the  wind  at  the  observation 
next  preceding  the  date  mentioned  in  the  table* 

For  each  of  the  cases  named  in  this  table,  the  curves  of  equal 
rain-fall  have  been  accurately  drawn  upon  maps  of  the  United 
States,  and  these  curves  have  been  carefully  compared.  The 
following  table  shows  the  geographical  extent  of  some  of 
these  rain-areas.  Column  1st  shows  the  number  of  reference 
taken  from  the  preceding  table ;  column  2d  shows  in  English 
miles  the  greatest  and  least  diameters  of  the  area  over  which  the 
rain-fall  was  at  least  one  inch  in  eight  hours;  and  column  8rd 
shows  the  greatest  and  least  diameters  of  the  area  over  which 
the  rain-fall  was  at  least  half  an  inch,  in  eight  hours. 

Dimensions  of  Rain-areas. 


Ho. 

Area  of 

one  incb 

rain. 

Area  of 

hairiucb 

rate. 

No. 

Area  of 

one  Inch 

rain. 

rain. 

No, 

Area  of 
one  Inch 

Area  of 

half  Inch 

rain. 

10 

720-230 

920-398 

17 

443-167 

7l4^-393 

20 

338-173 

890-406 

9 

606-334 

668-430 

]6 

440-160 

868-366 

54 

338-194 

458-368 

46 

646-318 

724r-360 

27 

380-296 

468-390 

7 

320-288 

394-312 

39 

490-188 

614-236 

32 

374^150 

79^-340 

5 

312-276 

394-394 

66 

468-162 

662-312 

6 

360-304 

440-402 

11 

300-174 

494-300 

31 

446-216 

774-332 

8 

354-144 

436-266 

18 

242-162 

858-224 

The  form  of  these  rain-areas  is  sometimes  quite  irregular  but 
generally  it  approximates  to  an  ellipse  of  which  the  major  axis 
is  not  quite  double  the  minor  axis.  This  elongated  form  of 
rain-areas  is  more  noticeable  in  storms  which  prevail  near  the 
Atlantic  coast,  than  it  is  in  r^ons  remote  from  the  ocean.  It 
will  be  seen  that  in  three  cases  the  area  of  one  inch  rain-fall 
exceeded  500  miles  in  length,  and  in  six  cases  the  area  of  one 
half  inch  rain-fall  exceed^  750  miles  in  length.  In  number 
ten,  the  area  of  one  quarter  inch  rain-fall  was  1,180  miles  by  500 
miles ;  in  number  twenty,  this  area  was  1,000  miles  by  572  miles, 
and  in  two  or  three  other  cases  the  dimensions  of  the  rain-areas 
were  nearly  as  great  •  Frequently  the  entire  rain-area  is  an  oval 
figure  whose  length  exceeds  1,000  miles,  and  whose  breadth 
exceeds  500  miles. 

.  It  was  shown  in  my  sixth  paper,  that  south  of  latitude  86** 
rain-areas  are  as  frequently  unoer  the  influence  of  an  area  of 
high  barometer  as  of  an  area  of  low  barometer.  In  columns  7, 
8  and  9,  of  the  table  on  page  2, 1  have  therefore  left  blanks  for 
the  southern  stations.  The  numbers  in  column  8th,  for  the 
northern  stations,  show  that  in  seventeen  cases  the  rain  center 
was  north  of  the  center  of  low  pressure,  and  in  sixteen  cases  it 
was  south  of  this  center.    In  twenty  cases  the  rain  center  was 
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east  of  the  center  of  low  pressure,  and  in  twelve  cases  it  was 
west  of  this  center.  If,  however,  we  consider  the  middle  of  the 
rain-fall  as  corresponding  to  a  date  four  hours  preceding  the 
barometric  observation,  we  shall  find  that  in  four  of  these  cases, 
viz :  numbers  1,  2,  14,  and  54,  the  principal  rain-fall  occurred 
when  the  rain  center  was  east  of  the  center  of  low  pressure,  or 
at  least  very  near  it  In  several  of  the  cases,  however,  the  rain 
center  was  clearly  west  of  the  center  of  low  pressure,  and  in 
some  of  the  cases  the  rain-fall  apparently  had  a  decided  influ- 
ence upon  the  direction  of  the  storm's  progress.  This  was 
specially  true  of  numbers  45,  46  and  47,  in  which  case  the  cen- 
ter of  minimum  pressure  moved  westioard  instead  of  eastward. 
As  this  example  is  a  very  remarkable  one,  I  will  consider  it 
particularly. 

On  the  morning  of  October  19th  1878,  along  the  coast  of 
North  Carolina,  Virginia  and  New  Jersey,  light  winds  from  the 
east,  or  southeast  generally  prevailed,  while  west  of  Virginia 
and  Pennsylvania  the  winds  were  generally  from  the  west  or 
northwest  This  opposition  of  the  winds  was  attended  by  a 
rain-fall,  which  in  the  afternoon  became  general  along  the 
Atlantic  coast  from  Wilmington  to  Boston  and  extended  inland 
800  or  400  miles.  The  barometer  fell  steadily  during  the  day, 
and  a  center  of  minimum  pressure  which  bad  prevailed  for 
twenty-four  hours  near  the  coast  of  Florida,  advanced  rapidly 
northward.  During  the  evening  of  the  19th  the  same  winds 
continued  with  increasing  strength ;  the  rain-fall  increased  espe- 
cially about  Washington  and  New  London ;  the  barometer  con- 
tinued to  faD,  and  the  center  of  minimum  pressure  advanced 
to  Norfolk.  On  the  morning  of  the  20th  the  same  system  of 
winds  prevailed  but  had  advanced  further  northward,  the  south- 
east winds  near  the  coast  extending  from  New  York  to  Nova 
Scotia,  and  having  a  velocity  of  twelve  to  twenty-five  miles, 
and  were  opposed  by  fresh  winds  from  the  north  and  west  in 
the  vicinity  of  Lakes  Erie  and  Ontario.  At  Quebec  the  wind 
blew  from  the  east,  forty-six  miles  per  hour,  and  on  Mt  Wash- 
ington the  wind  blew  from  the  southeast  seventy-five  miles  per 
hour.  The  total  rain-fell  at  all  the  stations  during  the  preced- 
ing eight  hours  was  greater  than  was  recorded  for  any  other 
equal  period  during  the  fifteen  months  under  discussion.  The 
center  of  minimum  pressure  had  now  reached  Cape  May,  and 
the  center  of  the  rain  area  was  250  miles  further  north.  During 
the  21st  the  system  of  east  winds  near  the  coast  of  New  Eng- 
land and  Nova  Scotia  had  pushed  further  into  the  interior,  and 
in  the  afternoon  extended  to  Eochester,  which  was  now  the  cen- 
ter of  greatest  rain-fall,  while  the  center  of  minimum  pressure 
moved  slowly  in  the  same  direction.  The  wind  at  Queoec  still 
blew  from  the  east,  forty-two  miles  per  hour,  and  on  Mt  Wash- 
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ington  it  blew  from  the  southeast,  seventy-eight  miles  per 
hour.  During  the  evening  of  the  20th  the  same  system  of 
winds  continued,  but  the  center  of  the  rain-area  was  at  Buffalo, 
and  the  center  of  minimum  pressure  advanced  in  the  same 
direction.  The  wind  at  Quebec  still  blew  from  the  east  forty- 
five  miles  per  hour,  and  on  Mt  Washington  from  the  southeast 
fifty  miles  per  hour.  On  the  morning  of  the  21st,  southerly 
and  easterly  winds  extended  from  the  coast  of  New  England 
to  Lake  Erie,  where  was  now  the  greatest  rainfall,  and  also  the 
center  of  minimum  pressure.  At  Grand  Haven  on  Lake 
Michigan,  the  wind  blew  from  the  north  thirty-two  miles  per 
hour,  and  on  Mt  Washington  from  the  southeast  fifty-nve 
miles  per  hour.  On  the  afternoon  of  the  21st  the  system  of 
winds  was  nearly  the  same,  but  their  intensity  was  sensibly 
diminished.  On  Mt  Washington  the  wind  blew  from  the 
southeast  thirty-eight  miles  per  nour.  The  center  of  minimum 
pressure  had  now  advanced  westward  nearly  to  Lake  Michigan, 
a  result  which  was  apparently  due  to  a  second  area  of  low 
pressure  which  came  from  the  northwest  and  coalesced  with 
the  one  which  we  have  been  considering.  During  the  evening 
of  the  21st  the  easterly  motion  of  the  winds  near  the  coast  of 
New  England  was  very  much  diminished ;  the  rainfall  was 
also  diminished,  and  the  center  of  minimum  pressure  advanced 
a  little  to  the  north.  On  the  morning  of  the  22d  the  rain-fall 
had  nearly  ceased,  the  winds  were  generally  moderate,  and  the 
center  of  minimum  pressure  moved  a  little  toward  the  north 
east  During  the  22d  there  were  two  centers  of  maximum 
pressure  in  the  southern  part  of  the  United  States,  and  under 
their  influence  southerly  winds  generally  prevailed  east  of  the 
Mississippi,  while  in  the  northwestern  States  the  winds  were 
from  the  northwest  Hence  resulted  a  circulation  of  the 
winds  about  Lake  Superior,  and  the  center  of  minimum  pres- 
sure moved  in  that  direction.  On  the  28d  the  pressure  in  the 
southern  States  increased ;  southerly  winds  generally  prevailed 
throughout  the  Lake  region,  and  the  center  of  minimum  pres- 
sure was  apparently  pusned  still  further  toward  the  northwest, 
but  as  this  center  had  now  passed  beyond  the  stations  of  ob- 
servation,  it  is  impossible  to  locate  it  with  precision. 

Plate  I  shows  the  curves  of  equal  rain-fall  for  October  20, 
7.85  A.  M.  The  outer  curve  shows  the  extreme  limits  of  the 
rain-area  during  the  preceding  eight  and  one-half  hours  ;  the 
next  curve  shows  the  limit  of  one  half  inch  rain-fall ;  the  third 
curve  shows  the  area  over  which  the  rain-fall  was  at  least  one 
inch ;  and  the  inner  curve  shows  the  area  of  one  and  a  half 
inch  rain-falL  At  Philadelphia  and  Burlington  the  rain-fall 
was  1*96  inch  during  the  eight  and  one-half  hours,  and  it  is 
probable  that  near  the  center  of  the  rain  area  the  rain-fall  ex-^ 
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ceeded  two  inches.  The  succesBive  poeitions  of  the  center  of 
fDiDimum  pressare  are  indicated  bj  the  figures  19*2,  19'3,  20*1, 
etc,  and  the  undulating  line  connecting  these  points  represents 
the  path  of  the  center  of  minimum  pressure  from  October  19th 
to  October  22d.  The  arrows  at  the  several  stations  represent 
the  direction  of  the  winds  for  October  19th,  11  p.  M.,  which 
was  the  time  of  commencement  of  the  rain-fall  represented 
upon  the  map. 

This  example  presents  a  very  unusual  case  of  a  storm  center 
traveling  for  several  days  toward  the  northwest  This  result 
was  apparently  produced  by  a  wind  of  unusual  violence  setting 
in  from  the  Atlantic  Ocean,  and  meeting  with  opposing  winds 
from  the  interior  caused  a  very  unusual  rain-fall,  and  the  center 
of  minimum  pressure  followed  the  center  of  the  rain-area. 
These  facts  seem  to  indicate  that  a  heavy  rain-fall  extending 
over  a  large  area  has  a  decided  influence  in  determining  the 
course  of  a  storm  center. 

In  No.  26  the  principal  rain-fall  was  on  the  northwest  side 
of  the  center  of  minimum  pressure  but  not  over  150  miles  from 
it  In  No.  58  the  principal  rain-fall  was  on  the  southwest  side 
of  the  center  of  minimum  pressure,  and  these  two  cases, 
together  with  No.  12  on  page  16  of  my  last  paper,  indicate 
that  in  the  neighborhood  of  Kentucky  it  is  not  uncommon  for 
the  principal  rainfall  to  occur  after  the  center  of  low  pressure 
has  passed  eastward. 

In  No8.  40  and  49  the  rain-fall  at  Cape  May  was  greater  than 
at  any  other  station,  but  there  was  at  the  same  time  another 
rain-area  of  much  greater  extent  near  the  center  of  minimum 
pressure.  The  rain-fall  at  Cape  May  was  apparently  the  result 
of  a  local  cyclone  which  did  not  greatly  affect  the  height  of  the 
barometer. 

In  No.  19  there  was  a  center  of  low  pressure  in  Nova  Scotia, 
but  it  seemed  to  have  little  influence  upon  the  winds  near 
Philadelphia.  There  was  a  center  of  high  pressure  in  Iowa, 
and  the  winds  near  the  Lake  region  were  generally  from  the 
northwest  At  Norfolk  the  wind  was  from  the  south,  and  a 
new  center  of  low  pressure  was  forming  near  the  coast  of  North 
Carolina.  The  rain  about  Philadelphia  on  the  morning  of  Jan- 
uary 17th  was  apparently  due  to  a  local  cyclonic  movement, 
more  than  to  the  mfluence  of  the  low  center  in  Nova  Scotia. 

The  average  distance  of  the  center  of  greatest  rain-fall  from 
the  center  of  low  pressure  for  cases  north  of  latitude  86°,  is 
.800  miles,  but  it  sometimes  exceeds  750  miles. 

In  19  cases  the  distance  was  less  than  250  miles. 

11  •'  "  between  250  and  500  miles. 

5  "  "  "        500  and  750  miles. 

3  "  "  over  750  miles. 
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In  No.  84  (page  2)  there  was  a  center  of  low  pressure  in 
Minnesota,  but  it  seemed  to  exert  no  control  over  tne  winds  in 
the  eastern  and  southern  parts  of  the  United  States.  Here 
there  were  five  centers  of  local  cyclonic  movement,  each  of 
which  became  the  center  of  a  rain-area  as  shown  on  Plate  IL 
Neither  of  these  centers  became  a  center  of  low  pressure 
although  the  rain-area  near  Washington  continued  for  sixteen 
hours. 

In  No.  10  there  was  a  center  of  low  pressure  over  Lake 
Superior,  but  this  was  so  distant  that  it  exerted  but  little  in- 
fluence over  the  winds  near  the  Atlantic  coast.  On  the 
evening  of  November  6th,  winds  from  the  south  and  east 
generally  prevailed  along  the  entire  Atlantic  coast,  and  these 
being  opposed  by  westerly  winds  (the  result  of  a  high  barom- 
eter in  Tennessee),  there  was  an  extensive  rain  on  the  night 
of  November  6th,  which  was  especially  heavy  along  the  coast 
from  Georgia  to  Massachusetts.  This  rain-fall  seemed  to  have 
a  decided  influence  in  accelerating  the  movement  of  the  center 
of  low  pressure,  as  was  mentioned  in  my  last  paper,  p.  16. 

No.  16  was  in  many  respects  similar  to  No.  10,  but  it  did 
not  produce  the  same  effect  on  the  movement  of  the  low 
center,  perhaps  owing  to  the  influence  of  another  rain-area 
which  prevailed  near  Montreal 

No.  19  has  already  been  referred  to ;  see  preceding  paga 

In  No.  32  the  center  of  lowest  pressure  was  beyond  Lake 
Superior,  but  the  barometer  was  quite  low  (29*56)  at  Port 
Stanley,  and  here  there  was  apparently  a  local  cyclone  resulting 
in  a  heavy  rain-fall. 

No.  80  shows  the  influence  of  an  area  of  high  pressure  com- 
bined with  an  area  of  low  pressure.  On  the  7th  of  May  there 
was  an  area  of  low  pressure  near  the  mouth  of  the  Ohio  River, 
and  an  area  of  high  pressure  in  New  England,  which  gave  rise 
to  a  system  of  southeast  winds  along  the  Atlantic  coast,  and 
extending  to  the  Lake  region.  The  result  was  a  slight  rain-fall 
over  a  large  area  of  territory,  but  the  rain  was  greatest  about 
Lynchburg,  near  which  place  there  was  some  evidence  of 
cyclonic  motion.  Perhaps  the  Alleghany  Mountains  had  some 
influence  in  determining  the  upward  movement  of  the  south- 
east current  near  this  place. 

No.  22  appears  to  have  resulted  from  east  winds  along  the 
Atlantic  coast  opposed  by  west  winds  near  the  Mississippi 
valley,  on  the  south  side  of  an  area  of  low  pressure. 

No.  58  has  already  been   referred  to  on  page  6,  and  it  is 
remarkable  that  the  center  of  low  pressure  moved  towards  the 
northeast  at  the  rate  of  54  miles  per  hour,  leaving  the  center . 
of  principal  rain-fall  almost  exactly  in  its  rear.     There  were, 
however,  at  the  same  time  two  other  rain  areas  of  considerable 
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extent  oq  the  northeast  side,  one  about  Baltimore  and  the 
other  about  Montreal. 

From  the  preceding  statement  we  perceive  that  in  the  United 
States,  south  of  latitude  36°,  great  rain-falls  are  accompanied 
by  a  cyclonic  movement  of  the  air  which  sometimes  appears  to 
be  the  result  of  a  neighboring  area  of  low  pressure,  and  some- 
times of  an  area  of  high  pressure,  and  the  latter  case  is  about 
as  frequent  as  the  former.  North  of  latitude  36°  rain-areas  are 
most  frequently  associated  with  areas  of  low  barometer  and 
generally  they  are  found  on  the  e^t  side  of  the  center  of  low 
pressure ;  but  occasionally  they  are  found  on  the  west  side  of 
the  center  of  low  pressure,  and  this  case  occurs  most  frequently 
in  the  neighborhood  of  the  Ohio  valley.  Extensive  rain-areas 
sometimes  occur  in  the  Northern  States  at  a  great  distance  fix)m 
a  low  center,  where  they  appear  to  be  as  much  under  the 
influence  of  a  center  of  hign  pressure  as  of  a  center  of  low 
pressure,  and  in  these  cases  there  are  generally  indications  of 
a  local  cyclonic  movement  of  the  atmosphere. 

Of  the  fifty-five  cases  enumerated  in  the  table  on  page  2, 
in  thirty-eight  cases  the  wind  blew  from  some  quarter  between 
northeast  and  southeast,  either  at  the  date  given  in  the  table  or 
at  the  time  of  the  preceding  observation.  Of  the  seventeen 
remaining  cases,  in  nve  of  them  the  air  was  reported  as  calm ; 
in  three  of  them  the  wind  was  from  the  south,  and  two  of  the 
cases  occurred  on  the  summit  of  Mt  Washington.  In  one  of 
the  remaining  cases  the  velocity  of  the  wina  was  only  two 
miles  per  hour;  in  another  case  the  velocity  was  three  miles 
per  hour;  in  a  third  case  it  was  seven  miles  per  hour,  and  in  a 
fourth  case  it  was  nine  miles  per  hour.  There  remain  only 
three  cases  in  which  at  both  the  observations  the  wind  was 
strong  from  some  quarter  between  north  and  southwest  These 
cases  are  Nos.  19,  47  and  48. 

In  No.  19,  the  winds  upon  the  Atlantic  coast  near  Phila- 
delphia were  generally  from  the  south  or  southeast,  while  at  a 
distance  of  800  miles  from  the  coast,  the  winds  were  from  the 
west  or  northwest  It  seems  probable  that  this  northwest 
current  crowded  under  the  southeast  current  lifting  it  up  from 
the  earth's  surface  and  thus  condensing  its  vapor,  and  that  the 
south  wind  at  Philadelphia  was  the  result  of  the  meeting  of  the 
southeast  wind  from  the  ocean  with  the  northwest  wind  of  the 
interior. 

In  No.  47,  as  has  been  already  mentioned  on  page  4,  the 
center  of  the  rain-area  was  on  the  northwest  side  of  the  center 
of  low  pressure.  It  seems  probable  that  in  this  case  the  violent 
southeast  wind  from  the  ocean  extended  further  west  than 
Buffalo,  and  that  its  vapor  was  condensed  by  its  being  elevated 
from  the  earth's  surface  by  the  crowding  of  the  northwest  wind 
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beneath  it  This  fact  is  distinctly  indicated  by  the  following 
observations  for  October  20th,  7.35  A.  M.,  from  stations  west  of 
the  limits  of  the  rain  area. 
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In  No.  48,  south  winds  generally  prevailed  in  Georgia  and 
the  Carolinas,  with  cold  winds  from  the  west  and  northwest 
in  the  Northwestern  Statea  This  westerly  current  probably 
poshed  under  the  south  wind  from  the  ocean  and  lifting  it 
up  from  the  earth's  surface  condensed  its  vapor,  and  it  is 
presumed  that  this  south  wind  prevailed  as  an  upper  current  at 
many  places  where  the  northwest  wind  prevailed  at  the  surface. 
We  thus  see  that  during  heavy  rain-falLs  the  wind  generally 
blows  from  some  quarter  between  south  and  northeast,  or  if  it 
blows  from  any  other  quarter  its  velocity  is  quite  small ;  but 
occasionally  a  great  rain-fall  occurs  witli  a  strong  wind  from 
some  quarter  between  north  and  southwest  and  in  such  cases 
it  is  presumed  that  at  the  same  time  an  easterly  wind  prevails 
at  those  places  as  an  upper  current  This  upper  current  from 
the  east  is  generally  concealed  by  the  lower  clouds  whose 
motion  is  nearly  the  same  as  that  of  the  surface  wind  ;  but 
when  the  lower  clouds  are  broken,  the  movement  of  this  upper 
current  can  sometimes  be  seen. 

The  average  velocity  of  the  wind  at  the  date  of  the  observa- 
tions in  the  table  on  page  2,  was  ten  miles  per  hour,  and  at 
the  date  of  the  preceqing  observations  it  was  eleven  miles  per 
hour;  and  in  only  six  cases  did  the  velocity  rise  as  high  as 
twenty-five  miles  per  hour,  either  at  tlie  date  given  in  the  table 
or  at  the  preceding  observation.  Thus  we  see  that  the  heaviest 
rain-falls  are  seldom  accompanied  by  very  high  wind. 

One  of  the  most  noticeable  facts  connected  with  extensive 
rain-falls  is  the  tendency  to  the  formation  of  several  centers 
of  precipitation.  If  in  each  of  the  cases  mentioned  in  the 
table  on  page  2  we  trace  the  boundary  of  that  area  over 
which  the  rain-fall  was  at  least  one  inch,  we  shall  find  that  in 
half  of  these  cases  there  were  two  such  areas  distinct  from  each 
other,  and  in  eleven  cases  there  were  three  such  areas.  If  we 
trace  the  area  of  a  rain-fall  of  at  least  one-half  inch,  we  shall 
find  that  in  forty-five  cases  there  were  at  least  two  distinct 
rain-areas,  and  in  twenty  nine  cases  there  were  three  or  more 
such  areas.  If  we  trace  the  area  of  a  rain-fall  of  one-fourth 
inch  or  more,  we  shall  find  that  there  are  only  three  cases,  viz : 
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Nos.  8,  24,  and  45,  in  which  there  were  not  at  least  two  distinct 
rain-centers.  In  No.  45  there  was  apparently  a  subordinate 
rain-center,  near  Charleston,  and  in  No.  8  there  was  a  fall  of 
014  inch  at  Alpena,  which  was  beyond  the  principal  rain-area. 
Thus  we  see  that  when  there  is  an  extensive  rain-fall  in  the 
United  States  there  is  almost  invariably  more  than  one  center 
of  precipitation,  and  this  fact  suggests  the  idea  that  those  con- 
ditions which  are  favorable  to  rain-fall  at  one  locality,  are 
generally  favorable  to  rain-fall  over  a  much  larger  district,  and 
this  often  results  in  a  simultaneous  precipitation  at  several 
points  remote  from  each  other. 

Plate  II  exhibits  the  rain-areas  for  July  27th,  1873,  at  4.S5 
p.  M.  Here  we  find  four  rain-areas  showing  a  rain-fall  of  at 
least  one  inch,  and  an  equal  number  of  areas  showing  a  smaller 
rain-fall.  The  following  table  shows  the  greatest  amount  of 
rain  observed  at  any  station  within  each  of  tnese  areas : 

Rain-faU  July  27,  1873,  4.36  p.  m. 

Washington 2*12  inches.  Shreyeport 0*84  inch. 

New  York 1-64      "  Breckenridgo  —     -46    " 

Nashville 1-35      "  Wilmington -18    " 

Bastport 100      "  Denver *09    " 

It  is  possible  that  the  Washington  rain  area  was  not  entirely 
distinct  from  the  New  York  area,  but  the  observations  clearly 
indicate  two  centers  of  greatest  rain-falL  During  the  time  of 
this  rain- fall,  the  barometer  was  a  little  above  30  inches  at  all  of 
the  stations  here  mentioned,  except  Breckenridge.  The  arrows 
show  the  direction  of  the  wind  at  4.35  P.  M.  There  were 
decided  local  cyclones  near  Washington,  New  York,  and  Nash- 
ville, and  indications  of  opposing  winds  near  Shreveport  and 
Breckenridge.  It  is  presumed  that  if  the  stations  had  been 
suflSciently  numerous,  the  same  fact  would  have  been  estab- 
lished for  each  of  the  rain-areas.  As  the  largest  of  these 
cyclonic  areas  had  a  diameter  less  than  a  1,000  miles,  and  the 
velocity  of  the  winds  was  almost  everywhere  less  than  ten 
miles  per  hour,  no  perceptible  effect  was  produced  upon  the 
barometer. 

A  considerable  number  of  the  cases  mentioned  in  the  table 
on  page  2,  exhibit  a  variety  of  rain-areas  nearly  as  remarkable 
as  that  shown  in  Plate  IL  Among  these  may  be  mentioned 
Nos.  1,  2,  3,  12,  14,  33,  36,  and  41. 

In  order  to  determine  the  duration  of  great  rain-falls,  I 
selected  all  those  cases  in  which  any  of  the  rain-falls  mentioned 
in  the  table  on  page  2,  were  followed  by  at  least  four  inches 
of  rain  (total  amount  at  the  eighty  stations)  during  a  succeed- 
ing period  of  eight  hours.  The  following  table  shows  the 
result  of  this  comparison. 
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12     -E  Loomi» — Results  derived  from  an  examination  of  the 

We  thus  see  that  in  a  period  of  fifteen  months  there  were 
twenty-six  cases  in  which  a  total  rain-fall  of  eight  inches  in 
eight  nours  was  followed  by  a  total  rain-fall  of  more  than  four 
inches  in  the  next  eight  hours ;  there  were  sixteen  cases  in 
which  it  was  followed  by  a  similar  rain-fall  for  a  third  period 
of  eight  hours ;  there  were  eight  cases  of  a  fourth  penod  of 
eight  hours ;  five  cases  of  a  fiEh  period ;  three  cases  of  a  sixth 
period;  and  one  case  of  a  seventh  period  of  eight  hours. 
These  rain-areas  which  succeeded  each  other  in  order  of  time, 
were  not,  however,  in  all  cases  apparently  connected  with  each 
other;  that  is,  they  were  not  continuous  rain-areas,  or  even 
adjacent  to  each  other.  Those  cases  which  were  apparently 
thus  connected,  I  have  indicated  by  the  numerals  1,  2,  8,  etc., 
attached  to  the  names  of  the  stationa  It  must  not  be  inferred 
that  these  rain-areas  had  in  all  cases  a  proper  movement  of 
translation  in  the  direction  of  the  stations  here  indicated.  In 
some  cases  this  apparent  movement  resulted  from  a  slight 
increase  of  precipitation  in  one  part  of  an  extensive  rain-area, 
and  a  decrease  in  some  other  part.  This  remark  will  probably 
explain  two  or  three  of  the  cases  in  which  the  apparent  move- 
ment of  the  rain-area  was  from  east  to  west  In  one  case 
however,  viz :  October  19th,  1873,  the  rain-area  did  unques- 
tionably advance  westward  for  forty-eight  hours  as  shown  on 
page  4.  The  average  rate  of  motion  of  the  rain-areas  indi- 
cated by  numerals  in  the  table,  is  20*7  miles  per  hour. 

This  table  shows  that  great  rain-areas  are  seldom  of  long 
continuance.  In  twenty-three  cases  the  same  rain-area  con- 
tinued for  at  least  two  periods  of  eight  hours ;  in  seven  cases 
it  continued  for  at  least  three  periods ;  and  in  only  two  cases 
did  it  continue  for  more  than  three  periods,  that  is,  twenty-four 
hours.  We  thus  see  that  rain-areas  with  a  total  rain-fall  of  at 
least  four  inches  in  eight  hours,  for  eighty  stations,  seldom  con- 
tinue for  more  than  twenty-four  hours,  only  two  or  three  such 
cases  occurring  in  the  Umted  States  during  a  year.  This  fact 
seems  to  indicate  that  the  causes  which  produce  rain,  instead 
of  deriving  increased  force  from  the  rain-fall,  rapidly  expend 
themselves  and  become  exhausted.  This  feet  cannot  be  ex- 
plained by  supposing  that  the  vapor  of  the  air  has  all  been 
f)recipitated,  because  these  cases  chiefly  occur  near  the  At- 
antic  coast,  where  the  wind  which  supplies  the  vapor  comes 
from  the  ocean,  and  the  supply  is  therefore  inexhaustible. 
The  facts  seem  rather  to  indicate  that  the  forces  which  impart 
that  movement  to  the  air  which  is  requisite  to  a  precipitation 
of  its  vapor,  become  exhausted  after  a  few  hours  exercise. 

Of  the  fifty-five  cases  included  in  the  table  on  p.  2,  in 
twenty-seven  cases  the  place  of  greatest  rain-fall  was  on  the 
Atlantic  coast.    But  only  one-fifth  of  all  the  stations  are  on 
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the  Atlantic  coast;  that  is,  the  center  of  ffreat  rain-areas  is 
found  near  the  Atlantic  coast  four  times  as  n*equently  as  it  is 
in  the  other  portions  of  the  United  States.  The  center  of  great 
rain-areas  is  not  found  in  the  neighborhood  of  the  CTeat  Lakes 
more  frequently  than  it  is  at  inland  stations  quite  distant  from 
the  Lakes. 

The  distribution  of  these  fifty-five  cases  by  seasons  was  as 
follows ; 

Spring  8  ;  Summer  9  ;  Autumn  10  and  16  ;  Winter  12  ; 

showing  a  slight  predominance  of  great  rain-areas  in  autumn 
and  winter.  In  my  last  paper  it  was  shown  that  excessive 
rains  at  single  stations  were  most  common  during  the  warmest 
months  ;  but  it  appears  that  very  extensive  rain-falls  are  most 
common  during  the  cooler  montns. 

The  distribution  of  these  cases  according  to  the  hour  of  the 
day  was  as  follows : 

7.35  A.  M.  25  cases ;  4.85  P.  M.  22  cases ;  11  p.  M.  8  oases. 

After  correcting  these  numbers  for  the  inequality  of  the 
time  intervals,  we  still  find  that  from  4.85  to  11  P.  M.  great 
rain-falls  are  not  half  as  frequent  as  during  the  remainder  of  the 
day.     This  result  is  quite  similar  to  that  found  in  my  last 

f)aper  with  regard  to  great  rain-falls  at  single  stations  south  of 
atitude  86°.  It  is  essential  to  the  accuracy  of  this  conclusion 
that  the  record  in  each  case  should  show  the  actual  rain-fall 
since  the  preceding  observation.  There  are  a  few  cases  in 
which  the  last  column  of  the  record  reports  heavy  rain^  but  the 
rain-column  makes  no  mention  of  rain.  It  is  presumed  that 
generally  in  these  cases  the  rain  had  but  recently  commenced, 
and  the  observer  thought  it  would  be  equally  satisfactory  to 
report  the  eutire  rain-fall  at  the  time  of  the  next  observation. 
There  seems  no  reason  to  question  the  conclusion  which  these 
numbers  indicate,  viz:  that  the  causes  which  produce  exces- 
sive rain-falls  in  the  United  States,  act  with  less  intensity  in 
the  evening  than  during  the  remainder  of  the  day. 

Areas  of  low  pressure  unthout  rain. 

In  order  to  compare  the  influence  of  a  very  small  rain-fell 
with  that  of  a  very  great  rain-fall,  I  selected  all  those  cases 
during  a  period  of  fifteen  months  (September,  1872  to  Novem- 
ber, 1878)  in  which  the  rain-fall  did  not  amount  to  one-tenth 
of  an  incn  in  eight  hours  at  any  of  the  stations.  The  following 
table  exhibits  these  cases.  Column  1st  contains  the  number 
of  reference ;  column  2nd  shows  the  day  and  hour  of  observa- 
tion; column  8d  shows  the  total  rain-fall  for  the  preceding 
eight  hours  at  all  the  stations.     In  September,  1872,  the  num- 
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RainfaU  less  than  one-tenth  of  an  inch  in  eight  hours  ait  any 

station. 


Vo 

Date. 

Total 
rain- 
fall. 

Bar. 

BUtlOB. 

Low  mo 
Direction. 

red 
Vel. 

Rain 
Low. 

iSf 

Station. 

1872. 

1 

Sept  2.3 

004 

29-65 

Port  Sully. 

« 

0 

000 

3026 

Marquette. 

2 

3.1 

•06 

•67 

Fort  Sully. 

East 

4 

•01 

•26 

Escanaba. 

3 

14.2 

•02 

•71 

Port  Sully. 

East 

22 

•00 

•30 

Saugeen. 

•  4 

14.3 

•02 

•66 

Fort  Sully. 

East 

6 

•00 

•29 

Toronto. 

6 

16.1 

•06 

•84 

Duluth. 

East 

28 

•00 

•35 

Kingston. 

6 

20.3 

•04 

•63 

Leavenworth. 

N.41B. 

15 

•00 

•23 

Augusta. 

1 

21.3 

•07 

•77 

Chicago. 

« 

0 

•04 

•22 

Wilmington. 

8 

Oct     1.2 

•33 

•67 

Fort  Sully. 

N.  69K 

24 

•00 

•22 

Nashville. 

9 

1.3 

•07 

•86 

Duluth. 

N.  69B. 

24 

•00 

•27 

NashviUe. 

10 

4.2 

•12 

•68 

Keokuk. 

East 

7 

•03 

•07 

Jacksonville. 

11 

5.1 

•14 

•82 

Escanaba. 

N.  18R 

22 

•06 

•36l  Portland,  Me. 

12 

8.3 

•13 

•71 

Marquette. 

East 

17 

•00 

•21 

Lynchburgh. 

13 

11.2 

•04 

•82 

Port  Sully. 

? 

? 

•00 

•30 

OincinnatL 

14 

11.3 

•00 

•82 

Duluth. 

East 

15 

•00 

•30 

CincinnatL 

15 

12.1 

•00 

•71 

Marquette. 

Bast 

17 

•00 

•30 

Lynchburgh. 

16 

12.2 

•10 

•69 

Alpena. 

a67B. 

24 

•01 

•15 

PortUmd,  Me. 

17 

14.3 

•08 

•59 

Breckenridge. 

N.  62E. 

42 

•00 

•24 

Vicksburg. 

18 

15.1 

•05 

•49 

Escanaba. 

a68E. 

33 

•06 

•24 

Knoxville. 

19 

15.2 

•29 

•47 

Grand  Haven. 

S.  36K 

30 

•29 

•15 

Savannah. 

20 

15.3 

•24 

•53 

Sauffeen. 
Port  Sully. 

N.  86  E. 

29 

•24 

•21 

Augusta. 

21 

16.3 

•08 

•83 

N.  82K 

47 

•00 

34 

Philadelphia. 

22 

19.3 

•03 

•86 

Omaha. 

N.  54  B. 

6 

•00 

•27 

OincinnatL 

23 

20.1 

•00 

•80 

Omaha. 

N.  52  E. 

4 

•00 

•32 

NashviUe. 

24 

20.2 

•00 

•60 

Breckenridge. 

N.  47  B. 

5 

•00 

•25 

Norfolk. 

25 

20.3 

•01 

•58 

Marquette. 

N.  65E. 

45 

•00 

•27 

Norfolk. 

26 

21.1 

•07 

•62 

a77R 

15 

•00 

•32 

Norfolk. 

27 

21.2 

•10 

•77 

MUwaukee. 

ai6E. 

11 

•00 

•28 

Norfolk. 

28 

31.2 

•00 

•77 

Escanaba. 

East 

? 

•00 

•24 

Nashville. 

29 

Nov.  15.2 

39 

•69 

Quebwx 

East 

? 

•23 

•67 

Port  Benton. 

30 

15.3 

•28 

•75 

Quebec. 

East 

? 

•15 

•58 

Port  Benton. 

31 

16.3 

•16 

•96 

Quebec. 

Bast 

? 

•02 

•66 

NashvUle. 

32 

17.3 

•06 

3011 

Alpena. 

East 

? 

•00 

•71 

Leavenworth. 

33 

21.1 

•07 

29-69 

St  Paul 

S.  58  E. 

36 

•05 

•44 

Lynchburgh. 
Oape  May. 

34 

21.2 

•05 

•73 

Alpena. 

East 

35 

•05 

•30 

35 

21.3 

•09 

•76 

Escanaba. 

East 

6 

•06 

•24 

Lynchburgh. 

36 

23.2 

•10 

•70 

Denver. 

a32E. 

15 

•00 

•42 

MobUe. 

37 

27.3 

•02 

•91 

Quebec. 

East 

? 

•02 

•64 

Breckenridga 

38 

28.1 

•00 

3009 

Escanaba. 

? 

? 

•00 

•71  Breckenridge. 
•36  JacksonviUe. 

39 

30.3 

•17 

29-32 

Pembina. 

East 

18 

•16 

40 

Dec    3.3 

•18 

•99 

Fort  Sully. 

East 

10 

•00 

•47 

Nashville. 

41 

4.1 

•11 

•94 

Fort  Sully. 

East 

14 

•00 

•51 

NashviUe. 

42 

4.2 

•07 

3003 

StPauL 

a86E. 

42 

•00 

•38 

OincinnatL 

43 

6.2 

•13 

•04 

Port  Sully. 

East 

? 

•00 

•46 

Davenport 

44 

6.3 

•04 

•00 

Port  Sully. 

East 

? 

•00 

•41 

Davenport 

46 

7.1 

•09 

2967 

Pembina. 

N.49E. 

31 

•05 

•39 

Memphis. 

46 

14.2 

•11 

•59 

MUwaukee. 

N.  73  E. 

48 

•06 

•47 

Breckenridge. 

47 

14.3 

•22 

•73 

Alpena. 

N.  69E. 

37 

•12 

•44 

Omaha. 

48 

31.3 

•43 

•67 

Santa  Pe. 

East 

14 

•01 

•43 

Davenport 

49 

1873. 
Jan.  10.2 

•13 

•82 

Montreal 

East 

? 

•00 

•62 

Memphis. 

50 

11.3 

•08 

•55 

PortSuUy. 

a74R 

15 

•08 

•67 

Augusta. 
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Ihble  continued. 


No. 

Date. 
1873. 

Total 
rain- 
fUl. 

Low 
Bar. 

Button. 

Lowmo' 

red 
Vel. 

Low. 

gi? 

Btatlon. 

61 

Jan.  12.3 

010 

29-73 

Milwaukee. 

a88B. 

60 

008 

3066 

Boston. 

52 

19.2 

•39 

•43 

Port  Garry. 

S.  72  B. 

13 

•07 

•28 

Mobile. 

53 

19.3 

•20 

•41 

Fort  Garry. 

S.  81K 

14 

•13 

•27 

Mobile. 

64 

Feb.    1.1 

•19 

•66 

San  FranciBOO. 

East 

18 

•00 

•96 

Fort  Sully. 

65 

1.3 

•07 

•67 

SanFranciBoa 

East 

13 

•02 

\    -74 

Davenport 

66 

9.1 

•33 

•67 

Quebec. 

East 

? 

•11 

•61 

Vicksburg. 

67 

10. 1 

•08 

•60 

PortCJarry. 

East. 

27 

•00 

•60 

Washington. 

58 

10.2 

•08 

•43 

Escanaba. 

East 

36 

•06 

•41 

Savannah. 

69 

17.3 

•10 

•38 

Omaha. 

N.  76E. 

46 

•10 

•29 

Oswego. 

60 

23.2 

•32 

•63 

Oorinne. 

? 

? 

•00 

•24 

Port  Sully. 

61 

26.2 

•26 

•32 

Denyer. 

S.  62E. 

14 

•10 

•16 

Chicago. 

62 

28.2 

•32 

•77 

Cheyenne. 

East 

6 

•11 

•38 

Cleveland. 

63 

Mar.    5.2 

•10 

•61 

"Virginia  City. 

East 

? 

•08 

•66 

Kingston. 

64 

6.3 

•00 

•42 

Viiiinia  City. 

East 

? 

•00 

•72 

Baltimore. 

66 

6.1 

•03 

•46 

Port  Benton. 

East 

? 

•02 

•78 

Lynchburgh. 

66 

13.1 

•02 

•92 

Port  Benton. 

? 

? 

•00 

•42 

NashviUe. 

61 

13.2 

•03 

•58 

Virginia  City. 
Oorinne. 

East 

20 

•01 

•33 

Savannah. 

68 

13.3 

•02 

•79 

East 

20 

•00 

•40 

Savannah. 

69 

16.3 

•04 

•68 

Santa  Pe. 

East 

7 

•03 

•40 

CindnnatL 

70 

22.2 

•10 

•64 

Omaha. 

East 

32 

•00 

•30 

Fort  Sully. 

71 

22.3 

•01 

•66 

Marquette. 

East 

32 

•00 

•47 

Port  Sully. 

72 

27.3 

•06 

•41 

Omaha. 

S.60E. 

42 

•00 

•36 

Norfolk. 

73 

April  4.1 

•08 

•31 

Yankton. 

East 

7 

•03 

•26 

Kingston. 

74 

4.3 

•05 

•60 

Leavenworth. 

East 

5 

•01 

•36 

Kingston. 

76 

21.2 

•08 

•46 

Leayen  worth. 

S.  29K 

29 

•00 

•26 

SanPrandsoo. 

76 

May  16.1 

•09 

•68 

Santa  P&. 

? 

? 

•07 

•16 

Duluth. 

77 

June  20.2 

•23 

•60 

Port  Sully. 

? 

? 

•00 

•13 

MobUe. 

78 

July    6.3 

•04 

•78 

East 

6 

•00 

•12 

Denver. 

79 

12.3 

•12 

•48 

Breckenridge. 

S.  60K 

13 

•10 

•29 

New  London. 

80 

21.3 

•17 

•39 

Port  Garry. 

N.  39K 

9 

•02 

•19 

Lynchburgh. 

81 

Sept  11.3 

•09 

•62 

Marquette. 

East 

7 

•02 

•29 

Port  Benton. 

82 

21.1 

•30 

•76 

Port  Garry. 

East 

13 

•04 

•34 

Washington. 

83 

Oct    2.2 

•06 

•79 

Havanoah. 

? 

? 

•01 

•27 

Marquette. 

84 

2.3 

•06 

•83 

Havannah. 

? 

? 

•00 

•32 

Marquette. 

86 

9.2 

•00 

•49 

Port  Garry. 

? 

? 

•00 

•34 

Chatham. 

86 

9.3 

•08 

•68 

Port  Garry. 

East 

? 

•02 

•36 

Chatham. 

87 

10.2 

•04 

•68 

Port  Garry. 

? 

? 

•00 

•35 

Oorinne. 

88 

10.3 

•02 

•86 

Duluth. 

East 

? 

•00 

•34 

Cheyenne. 

89 

12.3 

•23 

•61 

Port  Garry. 

East 

19 

•00 

•39 

Portland,  Or. 

90 

13.3 

•15 

•87 

Alpena. 

East 

? 

•00 

•31 

Wihnington. 

91 

14.2 

•11 

•66 

Yankton. 

N.  71  E. 

25 

•01 

•34 

Wihnington. 

92 

14.3 

•02 

•72 

Port  Sully. 

N.  71  E. 

6 

•02 

•44 

Saugeen. 

93 

16.3 

•03 

•96 

St  Paul 

East 

20 

•00 

•62 

Cape  May. 

94 

30.1 

•30 

•71 

Duluth. 

S.  69  E. 

27 

•21 

•48 

Philadelphia. 

95 

Nov.   9.3 

•16 

•38 

OapeBozier. 

? 

? 

•02 

•36 

Oorinne. 

96 

10.1 

•02 

•48 

Farther  Point 

? 

? 

•00 

•38 

Oorinne. 

97 

10.2 

•09 

•87 

Port  Sully. 

? 

? 

•00 

•34 

Oorinne. 

98 

13.3 

•18 

•61 

Virginia  City. 

N.  77  E. 

25 

•00 

•23 

Portland,  Or. 

99 

14.1 

•17 

•43 

Port  Garry. 

N.  77  E. 

25 

•00 

•36 

Portland,  Or. 

100 

14.2 

•17 

•41 

POTt  Garry. 

N.  77R 

25 

•09 

•34 

Portland,  Or. 

101 

16.1 

•11 

•33 

Oswego. 

a  79E. 

29 

•11 

•46 

Oorinne. 
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16     jE  Loomis — Results  derived  from  an  examination  of  the 

ber  of  stations  was  seventy-two,  but  this  number  was  ffradually 
increased  and  in  November,  1873,  amounted  to  eighty -eight 
Column  4th  shows  the  height  of  the  barometer  at  tne  nearest 
center  of  minimum  pressure;  column  5th  shows  the  station  at 
which  the  pressure  given  in  column  4th  was  observed;  column 
6th  shows  the  direction  in  which  the  low  center  had  moved 
during  the  last  eight  hours,  and  column  7th  shows  the  velocity 
with  which  it  moved  expressed  in  miles  per  hour.  Column 
8th  shows  the  total  amount  of  rain  observed  within  the  area 
of  low  barometer ;  that  is,  at  the  stations  where  the  pressure 
was  less  than  thirty  inches.  Frequently  there  was  at  the  same 
time  a  second  center  of  low  pressure  near  the  borders  of  the 
United  States,  but  columns  4--8  refer  exclusively  to  the  first 
center ;  column  9th  shows  the  height  of  the  barometer  at  the 
center  of  maximum  pressure,  and  column  10th  shows  the 
station  at  which  this  high  pressure  was  observed.  Preauently 
there  was  at  the  same  time  more  than  one  center  of  hign  pres- 
sure within  the  limits  of  the  United  States,  but  columns  9  and 
10  refer  to  that  which  was  regarded  as  the  principal  center. 

This  table  shows  that  barometric  minima  frequently  occur 
with  very  little  rain.  Of  the  101  cases  here  mentioned,  more 
than  half  showed  a  pressure  less  than  29*70 ;  more  than  one- 
third  were  below  29*60,  and  nearly  one-quarter  of  the  cases 
were  below  29*50.  The  average  pressure  at  the  stations  of 
greatest  rain-fall  mentioned  in  the  table  on  page  2,  was  29*74, 
and  the  average  pressure  at  the  center  of  the  low  barometer 
attending  these  remarkable  rain-falls  was  29*47. 

It  may  be  ur^ed  that  these  cases  of  minimum  pressure  gen- 
erally occurred  in  that  region  where  the  stations  of  observation 
were  widely  separated,  and  that  rain  may  have  occurred  at 
intermediate  points  where  there  was  no  observer.  There  is, 
however,  a  considerable  number  of  cases  in  which  the  area  of 
low  barometer  included  a  large  number  of  stations.  In  about 
half  of  the  cases  there  were  at  least  twenty  stations  which 
showed  a  pressure  below  thirty  inches ;  in  one-third  of  the  cases 
there  were  at  least  thirty  stations  which  showed  a  pressure 
below  thirty  inches ;  and  in  several  cases  there  were  over  fifty 
stations  which  showed  a  pressure  below  thirty  inchea  The 
following  table  contains  the  most  important  examples.  Column 
1st  shows  the  number  of  reference  from  the  preceding  table 
and  column  2nd  shows  the  number  of  stations  at  which  the 
barometer  was  below  thirty  inches. 

There  seems  to  be  no  room  for  doubt  that  barometric  minima 
sometimes  form  with  little  or  no  rain,  and  continue  without 
any  considerable  rain  for  eight  hours,  and  sometimes  for 
twenty-four  hours  or  longer.  These  barometric  minima  seldom 
continue  stationary  for  eight  hours,   but  almost  invariably 
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Number  of  stations  withm  the  area  of  low  barometer. 


No. 

StoUont 

No. 

StatiODB 

No. 

Stotloiis 

No. 

Stations 

No. 

StationB 

No. 

StotioiM 

75 

70 

60 

47 

35 

43 

74 

39 

16 

32 

59 

30 

101 

67 

39 

45 

7 

43 

100 

39 

24 

31 

61 

30 

77 

58 

70 

45 

17 

42 

58 

35 

36 

31 

90 

30 

19 

53 

53 

44 

18 

42 

73 

34 

11 

30 

76 

51 

34 

44 

10 

41 

39 

34 

27 

30 

20 

48 

62 

43     ! 

71 

39 

6 

33 

29 

30 

travel  to  the  eastward.  In  several  cases  the  center  of  least 
pressure  was  beyond  the  limits  of  the  United  States  so  that  it 
IS  impossible  to  assign  satisfactorily  either  the  direction  of  their 
progress  or  their  rate  of  motion.  The  table  on  pages  14  and 
15  shows  the  best  results  I  have  been  able  to  deduce  from  the 
observations.  The  average  of  all  these  directions  is  a  little 
north  of  east,  and  the  average  velocity  is  20*7  miles  per  hour. 
This  direction  is  not  quite  as  northerly  as  that  given  in  my 
third  paper  for  barometric  minima  generally,  and  the  velocity 
is  twenty  per  cent  less. 

In  order  to  show  more  clearly  the  movement  of  the  barometer 
during  these  periods  of  small  rain-fall,  T  have  represented  upon 
Chart  III  the  iso-baric  curves  for  one  of  these  periods,  viz : 
October  19-21,  1872.  The  most  western  oval  represents  the 
isobar  29*8  for  October  19th ;  the  next  curve  represents  the 
isobar  29*6  for  October  20th;  and  the  most  eastern  curve 
represents  the  isobar  of  29*8  for  October  21st;  each  of  the 
curves  corresponds  to  the  4.35  P.  M.  observation.  It  will  be 
seen  that  during  the  first  twenty-four  hours,  the  center  of  least 
pressure  moved  only  about  fiv6  miles  per  hour ;  but  during 
the  next  twenty-four  hours  the  average  motion  was  twenty-two 
miles  per  hour.  During  these  forty -eight  hours  not  a  drop  of 
rain  was  recorded  at  any  station  within  the  area  of  a  pressure 
less  than  thirty  inches,  although  on  the  20th  of  October  this 
area  had  a  diameter  of  1,600  miles. 

The  observations  on  the  amount  of  cloudiness  at  the  different 
stations  confirm  the  observations  of  rain-fall.  The  following 
table  presents  a  summary  of  these  observations.  Column  2a 
shows  the  number  of  stations  within  the  area  of  low  barometer 
(i.  e.,  less  than  thirty  inches  pressure)  at  which  the  sky  was 
reported  to  be  entirely  clear  at  the  dates  given  in  column  Ist, 
except  that  the  air  was  very  generally  reported  to  be  smoky  or 
hazy ;  column  8d  shows  tne  number  of  stations  at  which  the 
sky  was  partly  cloudy;  and  column  4th  shows  the  number  of 
stations  at  which  the  sky  was  entirely  overcast 

The  following  are  the  stations  at  which  the  sky  was  reported 
to  be  overcast,  viz:  October  19.2,  Virginia  City  and  Duluth; 
20.2,  Corinne,  Cheyenne  and  Duluth ;  20.3,  Denver,  Cheyenne 

Am.  Joub.  Sci.— Thibb  Ssbibs,  Vol.  XIV,  No.  79.— July,  1877. 
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No  dondi. 

Partly  olomity. 

Rntlrelir 
OTercMit 

Oct.  19.2 

5  stations. 

2  stations. 

2  Stations. 

19.3 

8        " 

2 

none. 

20.1 

9 

5 

none. 

20.2 

13         '» 

1         " 

3  stations. 

20.3 

15 

3         " 

3        »* 

21.1 

5         " 

7 

3        " 

21.2 

4         " 

H          " 

5        " 

and  Duluth;  21.1,  St  Paul,  Duluth  and  Escanaba;  21.2,  Santa 
Fe,  Duluth,  La  Crosse,  Keokuk  and  Toronto.  Six  of  these 
cases  occurred  in  the  neighborhood  of  the  Bocky  Mountains, 
so  remote  from  the  center  of  least  pressure  that  if  there  had 
been  a  rain-fall  in  that  vicinity,  it  could  not  be  supposed  to  be 
the  cause  of  the  barometric  minimum  under  discussion.  The 
long  continuance  of  clouds  at  Duluth,  and  the  extension  of  this 
cloud  area  on  the  21st  indicates  an  upward  movement  of  the 
atmosphere  attended  with  a  slight  precipitation  of  vapor,  and 
there  may  have  been  rain-fall  at  places  further  nortn.  But 
when  we  consider  that  in  the  Southern  States  a  heavy  rain-fall 
covering  an  area  several  hundred  miles  in  diameter  exerts 
scarcely  any  appreciable  influence  on  the  barometer,  we  cannot 
suppose  that  the  very  limited  rain-fall  which  may  possibly 
have  occurred  from  October  19th  to  the  21st  had  any  sensible 
influence  in  the  production  of  the  barometric  minimum,  or  in 
causing  its  eastern  progress,  so  that  it  seems  safe  to  conclude 
that  rainfall  is  not  essential  to  the  formation  of  areas  of  low  barom- 
eter^ and  is  not  the  principal  catise  of  their  formation  or  of  their 
progressive  motion. 

The  barometric  minimum  October  19th,  appears  to  have 
resulted  firom  an  area  of  high  barometer  (30*S5)  in  the  neigh- 
borhood of  the  Ohio  valley  combined  with  an  area  of  high 
barometer  (80-29)  in  Oregon.  This  excess  of  barometric  pres- 
sure on  opposite  sides  caused  a  general  movement  of  the  inter- 
mediate atmosphere  towards  the  vallev  of  the  upper  Missouri, 
and  each  of  these  currents  being  deflected  to  the  right  by  the 
earth's  rotation  the  result  was  a  diminution  of  pressure  over 
the  region  between  the  Bocky  Mountains  and  Lake  Superior. 
These  two  areas  of  high  barometer  on  opposite  sides  of  the 
low  area  were  remarkably  persistent  from  October  19th  to  21st, 
but  advanced  eastward  at  aoout  the  same  rate  as  the  barometric 
minimum.  Plate  III,  shows  the  direction  of  the  winds  October 
20th,  4.35  P.  M.  They  indicate  a  decided  inward  movement 
of  the  air  and  a  circulation  about  the  center  of  low  pressure. 
At  several  of  the  stations  the  winds  were  uncommonly  strong. 
The  following  table  shows  the  direction  and  force  of  the  wind 
where  the  velocity  was  greatest 
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Fort  Sully... 

Duluth 

Chioago 

Grand  Hayen 


Direction. 


N.W. 
N.B. 

8. 

8. 


Velocity. 


36  miles. 
28     " 
23     " 
19     " 


Dayenport... 
Leayenworth 

Escanaba 

Omaha 


Direction. 


S.W. 

8. 
8.B. 

8. 


Velocity. 


18  miles. 
18     " 
16     " 
16     " 


The  distribution  of  the  cases  of  small  rain-fall  mentioned  in 
the  table  on  pages  14  and  15,  according  to  the  seasons  of  the 
year,  is  as  follows  : 

Spring,  14  case&  Summer,  4  casea 

Autumn,  89  and  21  cases.     Winter,  28  casea 

We  see  that  these  cases  occur  most  frequently  in  the  autumn 
and  especially  in  the  month  of  October.  They  are  generally 
accompanied  by  a  hazy  or  smoky  condition  of  the  atmosphere, 
and  this  is  the  phenomenon  which  is  generally  known  under  the 
name  of  Indian  Summer.  It  appears  to  be  due  to  an  uncom- 
monly tranquil  condition  of  the  atmosphere  extending  entirely 
across  the  continent;  and  similar  cases  frequently  occur  in 
each  month  of  the  year  from  September  to  March,  but  are 
most  common  in  October. 

A  comparison  of  all  the  facts  which  have  been  presented  in 
this  paper,  together  with  my  six  former  papers,  appears  to 
warrant  the  following  generalizations. 

1.  Areas  of  low  barometer  result  from  a  general  movement 
of  the  atmosphere  towards  a  central  area,  and  this  movement 
is  accompanied  by  a  deflection  of  the  wind  to  the  right,  which 
causes  a  tendency  to  circulate  around  the  center  with  a  motion 
spirally  inward. 

2.  This  deflection  to  the  right,  which  results  from  the  earth's 
rotation,  causes  a  diminished  pressure  within  the  area  of  this 
inward  movement,  and  the  pressure  is  still  further  diminished 
by  the  centrifogal  force  resulting  from  the  circulation  about  a 
center. 

8.  The  amount  of  the  barometric  depression  depends  upon 
the  force  of  the  wind,  and  the  geographical  extent  of  the 
revolving  atmosphera  The  eflfect  of  centriftigal  force  is  not 
considerable  except  when  the  velocity  of  the  wind  approaches 
that  of  a  hurricane.  With  a  velocity  of  100  miles  per  hour, 
the  depression  due  to  centrifugal  force  may  amount  to  about 
two  inches ;  but  in  the  winter  storms  of  the  middle  latitudes 
with  a  velocity  not  exceeding  forty  miles  per  hour,  the  depres- 
sion due  to  centrifugal  force  seldom  exceeds  one  or  two-tenths 
of  an  inch.  In  these  storms,  three-quarters  of  the  observed 
depression  of  the  barometer  is  usually  the  eflfect  of  the  earth's 
rotation ;  but  in  order  that  the  depression  at  the  center  may 
amount  to  as  much  as  one  inch,  it  is  generally  necessary  that 
this  system  of  circulating  winds  should  prevail  over  an  area 
nearly  2,000  miles  in  diameter. 
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4  In  North  America,  south  of  latitude  85°,  areas  of  low 
pressure  are  less  frequent  and  generally  exhibit  a  less  depres- 
sion than  near  latitude  45°,  because  the  area  over  which  a 
cyclonic  movement  of  the  winds  prevails  is  small ;  and  this 
area  is  small  because  if  a  cjrclonic  area  could  be  formed  having 
a  radius  of  1,000  miles  with  its  center  in  latitude  30°,  its  cir- 
cumference must  extend  southward  to  latitude  16°,  where  the 
trade  winds  are  steady  and  seldom  interrupted.  Such  a  diver- 
sion of  the  winds  toward  the  north,  even  if  it  could  be  produced, 
could  not  be  long  maintained ;  so  that  a  large  cyclonic  area 
with  its  center  in  latitude  30°  is  well  nigh  impossible ;  and  it 
is  impossible  that  there  should  be  a  great  depression  of  the 
barometer  in  latitude  30°,  except  with  a  wind  having  a  hurricane 
velocity.  This  is  believed  to  be  the  reason  why  in  North 
America  the  centers  of  great  storms  are  generally  found  north 
of  latitude  40°. 

5.  The  causes  which  may  produce  a  general  movement  of 
the  atmosphere  toward  a  central  area  are  (A)  unequal  pressure 
as  shown  by  the  barometer;  (B)  unequal  temperature;  and 
(C)  unequal  amount  of  aqueous  vapor.  Of  these  three  causes 
the  effect  of  the  first  is  generallv  so  decided  that  the  influence 
of  the  other  two  causes  can  only  be  detected  by  careful  obser- 
vation; but  when  the  pressure  of  the  air  is  nearly  uniform 
over  a  large  extent  of  country,  the  influence  of  the  other  two 
causes  is  sometimes  very  palpable,  and  their  influence  is  gen- 
erally seen  in  a  slight  defection  of  the  winds  from  the  direction 
they  would  have  if  wholly  controlled  by  the  first  cause.  I 
have  made  a  considerable  collection  of  facts  illustrating  the 
influence  of  temperature  upon  the  direction  of  the  winds,  which 
I  intend  to  publish  hereafter. 

6.  A  cyclonic  movement  of  a  large  mass  of  air  is  generally 
attended  by  an  upward  motion  in  certain  localities,  chiefly  on 
the  eastern  side  of  the  center  of  low  pressure,  and  this  upward 
movement  results  in  rain-falL  The  rain-fall  is  then  not  gen- 
erally the  original  cause  of  the  barometric  depression,  but 
rather  an  incident  of  the  cycloidal  movement  of  the  atmos- 
phere. The  fall  of  the  barometer  during  a  rain  storm  cannot 
DC  ascribed  to  the  simple  condensation  of  the  vapor  of  the 
atmosphere,  as  some  have  supposed,  since  a  rain-fall  of  one  or 
two  inches  prevailing  over  an  area  300  miles  in  diameter  near 
latitude  30°  produces  scarcely  an  appreciable  effect  upon  the 
barometer.    See  tables  on  pages  2  and  3. 

7.  The  progress  of  areas  of  low  barometer  in  all  latitudes  is 
determined  mainly  by  the  same  causes  which  determine  the 
general  system  of  circulation  of  the  atmosphere;  and  their 
normal  direction  is  changed  by  whatever  causes  may  change 
the  direction  of  the  winds. 
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8.  The  heat  which  is  liberated  in  the  condensation  of  a  large 
amount  of  aqueous  vapor  must  exert  an  influence  upon  the 
movements  of  the  air,  so  that  while  the  rain  is  generally  to  be 
regarded  not  as  the  original  cause  but  rather  as  one  of  the 
incidents  of  extensive  cycloidal  movement,  if  the  rain-area  has 
great  geographical  extent,  it  may  have  a  decided  influence 
upon  the  amount  of  the  barometric  depression  and  upon  the 
velocity  with  which  the  storm  advances ;  sometimes  accele- 
rating its  motion,  sometimes  retarding  it,  and  sometimes  hold- 
ing it  nearly  stationary  in  position  for  two  or  three  days.  In 
my  former  papers  I  have  presented  some  facts  which  seem  to 
authorize  these  statements,  and  I  am  collecting  additional  facts 
bearing  upon  the  same  question. 

It  may  be  thought  that  these  generalizations  present  nothing 
original  or  novel,  but  several  of  them  are  disputed  by  meteor- 
ologists who  have  given  no  little  attention  to  the  subject 

In  preparing  the  materials  for  this  article  I  have  been  assisted 
by  Mr.  Bdwani  S.  Cowles,  Ph.D.,  a  graduate  of  Yale  Collie  of 
the  class  of  1873. 


Art.  IL — 77ie  Germination  of  the  genus  Megarbhiza,  Torr.  ; 
by  Asa  Gray. 

The  object  of  this  brief  communication  is  to  describe  a 
peculiar  structure  which  Megarrhtza  Galifomica  exhibits  in  ger- 
mination, and  to  call  for  observations  upon  other  species,  at  the 
time  of  germination,  in  the  hope  of  therebv  extending  our 
present  imperfect  knowledge  of  this  genus  of  big-rooted  Oucur- 
oitacece  of  our  Pacific  coast  For  the  extraordinary  peculiarity 
in  question,  being  one  which,  in  other  cases,  is  Known  to 
exhibit  itself  in  certain  species  of  a  genus  (as  in  Anemone 
and  Delph{nium\  and  not  m  others,  so  it  may  in  the  present 
genus  ffive  aid  in  distinguishing  the  five  species  which  have 
been  characterized  upon  more  or  less  incomplete  or  scanty 
materials. 

The  first  species  known  was  from  Oregon;  the  specimens, 
being  in  flower  only,  were  referred  in  Hooker's  Flora  Borealis 
Americana,  i,  220,  to  Sict/os  angulatus^  but  were  separated  in 
Torrey  and  Gray's  Flora  of  North  America,  i,  542,  under  the 
name  of  Sicyos  Oreganus,  In  the  course  of  time  it  was  found 
that  there  was  a  similar  if  not  identical  species  in  California, 
and  apparently  more  than  one,  that  they  were  perennial  from 
very  large  and  fleshy  roots,  that,  while  the  flowers  much 
resemble  those  of  JSchinocystis,  the  seeds  were  turgid,  mar- 
ginless,  and  with  thick  and  fleshy  cotyledons.  Dr.  Torrey, 
upon  whom  the  examination  of  these  plants  devolved,  many 
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(about  thirty)  years  ago  proposed  for  them  the  generic  name  of 
Megarrhtza  ;  but  he  refrained  from  publishing  it,  even  omitted 
all  mention  of  it  in  his  account  of  Dr.  Bigelow's  excellent  col- 
lection made  in  Whipple's  Expedition  (Pacii  R  Bep.  iv,  1857), 
although  good  materials  of  that  and  other  collections  were  in 
his  hands,  because  he  could  not  make  up  his  mind  whether  he 
had  to  do  with  one  variable  species  or  with  two  or  threa  But 
in  the  sixth  volume  of  the  racil  Bailroad  Bep.,  which  bears 
the  same  date  of  1867,  in  Dr.  Newberry's  list  of  plants  collected 
in  Williamson's  Expedition  (p.  74),  two  species  are  enumerated, 
thus: 

^^  Megarrhtza  Oalifornica,  Torrey.  Petaluma  and  Sonoma, 
California ;  April,  in  flower." 

^^  Megarrhtza  OreganOj  Torrey.  On  the  shores  of  Klamath 
Lake  and  banks  of  Willamette  Biver,  O.  T. ;  August  and 
September,  in  fruit" 

Before  this,  however,  viz :  in  March,  1865,  Dr.  Kellogg,  of 
San  Francisco,  communicated  to  the  California  Academy  of 
Natural  Sciences  (Proc.  Calif.  Acad.,  i,  38),  an  account  of  one 
of  these  species,  apparently  the  second,  under  the  name  of 
Marah  muricattis. 

A  few  years  later,  some  plants  having  been  raised  in  France 
irom  Califomian  seeds,  M.  Naudin  (in  Ann.  ScL  Nat,  ser.  4,  xii, 
154,  t  9^  under  date  of  1859,  but^  as  the  letter-press  shows, 
not  printed  until  1860  or  1861),  published  the  plant  which  Dr. 
Torrey  had  called  M.  OaMJbrnica  under  the  name  of  Echinocystia 
fabacML  This  extension  of  Echinocystia  was  adopted  by  Ben- 
tham  and  Hooker  in  their  Genera  Plantarum.  It  was,  more- 
over, anticipated  by  Dr.  Kellogg,  who,  in  a  second  communica- 
tion to  the  Califomian  Academy,  under  date  of  June  4, 1855, 
re-describes  his  former  Marah  murtcatus,  states  that  it  "  legiti- 
mately belongs  to  JEchinocystis"  and jrives  it  the  name  of  jE 
muricattis.  When,  shortly  after  Dr.  Torrey's  death,  I  superin- 
tended the  printing  of  his  account  of  the  plants  collected  on 
our  Pacific  coast  in  Wilkes'  Expedition,  I  found  that  he  had 
left  the  article  on  this  genus  unwritten,  and  apparently  had  not 
determined  either  upon  the  number  of  the  species  or  upon  the 
distinctness  of  his  proposed  genus. 

When  in  the  recent  preparation  of  the  Botany  of  California 
the  subject  came  to  be  studied  anew  by  Mr.  Watson,  with  the 
aid  of  more  extensive  materials,  and  when  these  materials  were 
found  to  exhibit  such  diversities  that  at  least  five  species  had  to 
be  recognized  (Bot  California,  i,  240),  with  notable  differences 
in  ovary,  fruit,  seeds,  etc.,  but  no  approximation  to  the  eastern 
Echinocystis,  it  could  hardly  be  doubted  that  Torrey's  genus 
ought  to  be  reinstated  ;  and  this  was  accordingly  done. 

The  M.  Oali/omica  had  been  raised  in  the  Botanic  Qurden  of 
Harvard  University  many  years  ago,  but  I  had  not  seen  the 
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^ennination ;  and  we  were  never  able  to  bring  the  plant  into 
blossom,  as  it  invariably  died  down  to  the  ground  soon  after 
making  a  moderate  growth.     On  germinating  some  fresh  seeds 

early  this  spring,  I  was  somewhat 
surprised  to  find  that  they  came  up 
in  the  manner  of  beans.  Instead  of 
remaining  hypogSBous,  as  from  the 
great  thickness  of  the  cotyledons 
would  have  been  expected,  the  body 
of  the  seed  in  its  shell  was  raised 
well  out  of  the  soil  upon  what  seemed 
to  be  a  well  developed  radicle,  like 
that  of  Echinocystis,  K  the  coty- 
ledons had  expanded,  though  re- 
maining fleshy,  in  the  manner  of 
Phaseolus,  the  difference  between  this 
and  Echinocystis^  with  cotyledons  truly 
foliaceous  in  germination,  would  be 
much  less  than  had  been  supposed.  I 
waited  long  to  see  if  this  would 
occur;  1  also  waited  in  vain  for  the 
expected  development  of  the  plumule 
from  between  the  bases  of  the  fleshy 
cotyledons.  After  the  lapse  of  about 
a  fortnight,  the  plumule  in  all  three 
of  my  germinating  plantlets  came 
separately  out  of  the  soil  of  the  pot ; 
and,  on  exposing  the  whole  to  view, 
the  state  of  things  represented  in  fig. 
1  came  to  view.  That  is,  the  plumule 
came  forth  from  the  base  of  what  ap- 
peared to  be  an  elongated  radicle  (of 
two  or  three  inches  in  length) ;  and 
below  this  the  thickening  of  the  root, 
which  acquires  enormous  dimensions 
in  old  plants,  had  already  commenced. 
A  large  amount  of  the  nourishing 
matter  stored  in  the  cotvledons  had 
been  carried  down  to  the  root  and 
used  in  its  growth  as  well  as  that  of 
the  plumule.  The  latter  came  from  a 
cleft  at  the  very  base  of  the  seeming 
radicle,  which  otherwise  appeared  to 
be  solid.  But  on  cutting  it  across  toward  the  base  this  was 
found  to  be  tubular,  as  shown  at  the  bottom  of  fig.  2 ;  and 
later,  when  more  spent  and  beginning  to  wither,  this  stalk  was 
separable  from  above  downward  into  two,  as  shown  in  the  upper 
part  of  the  same  figure. 
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This,  therefore,  is  a  case  in  which  long  petioles  to  the  cotyle- 
dons (of  which  there  is  no  appearance  in  the  seed),  connate  into 
one  body,  are  developed  and  greatly  length- 
ened in  place  of  the  radicle,  which  is  thus 
simulated.  It  is  the  same  as  in  Delphinium 
nudicatde  of  California,  and  some  otoer  spe- 
cies ;  only  in  that  genus  the  cotyledons  expand 
and  become  foliaceous.  In  the  horse-chestnut 
petioles  are  also  developed  to  the  cotyledons 
to  a  moderate  extent,  but  without  union, 
(see  Gray's  First  Lessons,  fig.  24),  thus 
pushing  the  radicle  and  plumule  well  out 
of  the  firm  seed-coat,  in  which  the  very 
heavy  and  fleshy  cotyledons  remain ;  and  the 
radicle  itself,  as  in  the  pea,  does  not  further 
lengthen.  In  Ipcmioea  lepUyphylla  the  radicle 
remains  in  like  manner  short,  while  petioles 
to  the  (here  foliaceous)  cotyledons  develope 
to  a  great  length,  bringing  these  separately 
out  of  the  ground,  and  the  plumule  tetween 
follows  later. 

Botanists  on  the  Pacific  coast  are  earnestly  requested  to 
examine  the  germination  of  all  the  species  of  Megan^hiza^  and  to 
compare  them  with  the  figures  and  description  here  given.  At 
least  three  species  should  be  met  with  near  San  Francisco,  and 
in  neighboring  parts  of  California.  According  to  the  characters 
assigned  by  Mr.  Watson  in  the  Botany  of  California,  M.  Cali- 
fomica  should  be  known  by  its  obovoid  seeds,  of  less  than  an 
inch  in  length,  with  a  small  hilum  at  the  narrow  base:  M. 
Marahy  by  its  more  numerous  seeds  horizontally  imposed  in  a 
large  fruit  (of  four  inches  in  length),  each  seed  roundish  and 
depressed,  flattened,  an  inch  in  diameter  and  about  half  as 
thick,  with  a  prominent  lateral  hilum.  M.  muricata^  by  a 
nearly  naked  fruit  onlv  an  inch  in  diameter,  containing  only 
two  globose  seeds  of  half  an  inch  in  diameter.  M.  Oregana^ 
which  is  known  to  occur  from  the  Columbia  Eiver  to  the  north 
of  California,  appears  to  have  seeds  resembling  those  of  M. 
Marah^  but  rather  smaller ;  but  they  are  not  well  known.  The 
remaining  one,  M.  Guadalupensis,  of  Guadalupe  Island,  off 
Lower  California,  is  much  out  of  ordinary  reach,  unless  it 
should  be  found  in  the  southern  part  of  the  State. 

Mature  fruits  and  seeds  of  all  the  species  are  much  desired. 

Fig.  1  represents  a  germinating  plantlet  of  Megarrhiza  Ccdifor- 
nica,  of  natural  size,  complete  except  the  lower  part  of  the  root 
Fig.  2  represents  the  cotyledons  at  a  later  period,  with  their 
united  petioles  separated  from  above,  still  united  into  a  tube 
below,  the  lower  end  of  which  is  cut  away. 
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Art.  m. —  On  the  absorption  of  Bases  by  the  Soil;  by  H.  P. 

Armsby. 

The  question  of  the  nature  of  the  absorptive  power  of  the 
soil  for  bases  may  be  regarded  as  still  to  a  certain  extent  an 
open  ona  Although  the  researches  of  Henneberg  &  Stoh- 
mann,  Peters,  Weinhold  and  others  have  shown  conclusively  that 
the  absorption  is  accompanied  by  a  chemical  reaction  between  the 
salt  whose  base  is  absorbed  and  the  soil,  an  equivalent  quan 
tity  of  other  bases  being  dissolved  ;  and  though  the  investiga- 
tions of  Way,  Eichhorn,  Eantenberg,  Heiden,  Knop  and 
Mulder  have  as  conclusively  connected  this  reaction  with  the 
presence  in  the  soil  of  certain  zeolitic  silicates  which  appear  to 
be  the  agents  of  absorption ;  it  has  been  the  opinion  of  many 
distinguished  authorities,  a  g.,  Liebig,  Brustlein,  Henneberg 
&  Stohmann,  that  the  prime  cause  of  absorption  is  physic^ 
in  its  nature. 

The  fact  which  more  than  any  other  .has  served  to  sustain 
this  view  is  the  peculiar  eflFect  of  the  concentration  and  volume 
of  the  solution  upon  the  amount  of  absorption.  As  is  well 
known  a  given  weight  of  soil  absorbs  a  greater  amount  of  a 
base  from  a  concentrated  than  from  a  dilute  solution,  and  more 
from  a  large  than  a  small  bulk  of  the  same  solution,  though 
the  variation  is  in  neither  case  proportional.  This,  it  is  con- 
sidered, is  pi-oof  that  absorption  is  at  least  in  part  due  to  phys- 
ical and  not  chemical  forca 

This  force  seems  generally  to  have  been  assumed  to  be 
analogous  to  the  surface-attraction  exhibited  by  charcoal  and 
other  porous  bodies.  Peters  and  others  hold  that  the  physical 
force  is  the  prime  cause,  and  that  the  chemical  phenomena  are 
only  secondary,  while  others  believe  that  chemical  action  is  the 
prime  cause  and  is  modified  by  physical  forca  Knop  ad- 
vances the  theory  (Bonitirung  der  Ackererde,  pp.  89  ana  152, 
Fres.  Zeit,  xiv,  246)  that  the  soil  has  the  power  of  dissociating 
salts  in  the  presence  of  some  substance  like  calcium  carbonate 
which  can  unite  with  the  acid,  and  that  then  the  chemical 
union  of  the  base  follows. 

Pillitz  (Fres.  Zeit,  xiv,  55  and  282)  has  indeed  found  that,  if 
a  large  volume  of  solution  be  filtered  through  a  soil  until  no 
further  absorption  takes  place,  the  absorption  is  proportional 
to  the  amount  of  soil,  and  that  at  a  certain  concentration  of 
the  solution  the  absorption  reaches  a  maximum  above  which  it 
cannot  be  raised.  He  concludes  from  this  that  the  objections 
to  the  chemical  view  based  on  the  variability  of  absorption  are 
removed,  since  in  his  experiments  the  absorption  was  constant 

But  these  facts,  however  interesting  and  important,  neither 
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do  away  with  the  variability  of  absorption  as  ordinarily  deter- 
mined nor  rob  that  variability  of  its  force  as  an  argument  for 
the  physical  nature  of  absorption,  since  as  Pillitz  himself  says 
even  the  most  dilute  solution  is  not  exhausted,  which  must  be 
the  case  were  the  variations  due  simply  to  a  lack  of  sufficient 
material  to  saturate  the  soil 

In  view  of  the  interest  attaching  to  this  question  it  seemed  to 
me  desirable  to  compare  the  behavior  of  the  soil  in  this  respect 
with  that  of  pure  hydrous  silicates.  If  it  should  be  found  that 
the  exchange  of  bases  between  these  compounds  and  neutral 
salts  showea  the  same  variations  as  soil-absorption,  then,  what- 
ever view  might  be  held  as  to  the  cause  of  these  variations,  all 
possible  objections  to  the  theory  which  considers  soil-absorp- 
tion to  be  such  an  exchange  of  bases  between  the  salt  and  the 
hydrous  silicates  known  to  exist  in  the  soil  would  seem  to  be 
removed. 

As  illustrating  the  variations  of  soil-absorption  the  following 
determinations  made  in  the  laboratory  of  Pro£  Knop  in  Leipzig 
may  be  adduced.  Two  soils  were  used :  No.  1,  Deposit  of  the 
Nila     No.  2,  A  loamy  soil  from  the  vicinity  of  Leipzig. 

The  absorptive  power  of  these  soils  for  ammonia  was  deter- 
mined by  Knop's  method  (Bonitirung  der  Ackererde,  49)  by 
digesting  the  soil  in  the  cold  with  a  solution  of  NH.Cl  of 
known  strength  for  forty-eight  hours  and  determining  the  am- 
monia remaming  in  the  fluid  by  means  of  the  azotometer. 
The  results  denote  the  a  a  of  nitrogen  at  0^  C.  and  760  m.nou 
pressure  contained  in  the  ammonia  absorbed,  and  the  concen- 
tration of  the  solution  employed  is  stated  in  the  same  way.  It 
was  found  more  convenient  to  vary  the  amount  of  the  soil  than 
of  the  solution. 
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Bepresenting  graphically  the  results  of  the  first  series  (I)  we 
obtain  the  curve  No.  1  in  the  figure,  showing  the  influence  of 
the  relative  volume  of  the  solution  on  the  absorption  by  soil 
No.  1.  The  other  three  series  give  exactly  similar  curves,  and 
the  influence  of  the  concentration  of  the  solution  is  seen  in 
curve  No.  2,  which  represents  the  absorption  by  fifty  grams 
of  soil  No.  1  from  solutions  of  increasing  concentration. 


But  not  only  these  experiments,  but  all  others  on  the  subject 
accessible  to  me  show  essentiallv  the  same  result  With  the  ex- 
ception of  a  single  experiment  oy  Laskowsky  (Knop,  Boni.,  etc., 
p.  150)  the  absorption  never  increases  proportionally  to  the  soil, 
nor  is  it,  as  is  sometimes  stated,  indepenaent  of  its  amount 

In  order  to  study  the  absorption  of  bases  by  hydrous  silicates 
an  artificial  silicate  was  prepared  in  the  method  described  by 
Way  (Jour.  Boy.  Agr.  Soc.  of  Eng.,  xi,  318). 
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Eighty  grams  of  air  dry  aluminum  hydrate  were  dissolved 
in  a  strong  solution  of  soda  (containing  about  200  grams 
NaOH),  the  solution  was  diluted  largely,  and  to  it  were  added 
about  310  c.  a  of  commercial  water-glass,  containing  91  grms. 
SiO,.  A  bulky,  flocculent  precipitate  resulted  which  subsided 
readily  and  could  be  washed  by  decantation  without  much  dif- 
ficulty. The  washing  was  continued  till  the  washings  showed 
no  alkaline  reaction,  the  precipitate  collected  on  a  filter  and 
dried  at  100°  C.  till  it  seemed  dry  to  the  touch.  It  was  then 
pulverized,  brought  upon  a  filter,  washed  till  the  filtrate  gave 
no  precipitate  with  the  solution  of  calcium  chloride  used  in  the 
experiments,  and  again  partly  dried  at  100°  C. 

An  analysis  gave  : — 

Loss  at  100^  C 39-94 

Dry  substance 60*06 

10000 
The  dry  substance  contains : — 

SiO. 48-42 

AljOj 2316 

Na^O 14-20 

HjjO 14-13 

99-91 
A  neutral  Solution  of  calcium  chloride  was  also  prepared  by 
dissolving  fused  CaCla  in  water,  acidifying  with  HCl,  and  neu- 
tralizing with   CaCOa.      lac.   contained  the  equivalent  of 
001683  grams  CaO. 

Varying  portions  of  the  air-dry  silicate  were  digested  in 
closed  flasks  with  the  above  solution  diluted  to  five,  ten,  or 
twenty  tunes  its  volume  exactly  as  in  the  experiments  with 
soil.  The  mixtures  stood  three  days  at  ordinary  temperature 
with  frequent  shaking,  and  then  in  50  c  a  of  the  liquid  the 
lime  was  precipitated  as  oxalate  in  the  usual  way,  and  weighed 
as  oxida  •  The  result  calculated  on  the  whole  quantity  oi  the 
solution  and  subtracted  from  the  amount  of  lime  originally 
present  gave  the  absorption.  The  results  in  every  case  are  ex- 
pressed as  CaO,  as  is  also  the  strength  of  the  solution  employed. 
The  following  are  the  resulta 
Nob.   CaO  in  1  c  c.  of  soL    Wt  of  silicate.  Yol.  of  solution.        Absorption. 


1.  0-003366  grms.  40           grms. 

200  c.  c. 

♦[0-6732  grms.] 

2 20 

.  -  - 

0-5952     " 

3 10 

_  - . 

0-4172     " 

4 5 

-  -  - 

0-2432     " 

5 2-5            " 

_  -  - 

0-1324     " 

6 1-26         " 

-  •  - 

0-0680     " 

1 0-625       " 

... 

0-0328     « 

8 0-3125     " 

.... 

0-0164     « 

*  Only  traces  of  lime  were  left  in  the  solution. 
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Nos.    OaO  in  1  c.  c.  of  8oL  Wt.  of  silicate.  Yol.  of  solution.      Absorption. 

VI.    3.  0-001683  grms.  10  grins.  200  c.  c.  0-2996  grms. 

4 6  "  ...  0-2084     " 

5 2-6  "  ...  0-1217     " 

6 1-25         «  ...  0-0673     " 

7 0-625       "  ...  0-0338     " 

8 0-3125     "  ...  0-0198     " 

VIL  5.  0-000841  grms.     2-5        grms.  200  c.  c.  0-1151  grms. 

6 1-25         "  ...  0-0663     *' 

7 0-625       "  ...  0-0359     " 

8 0-3125     «  ...  0-0187     " 

It  will  be  seen  that  the  same  variations  occur  here  as  in  soil- 
absorption.  Eepresenting  the  results  of  (V)  graphically,  and 
expressing  the  absorption  in  centigrams  for  convenience,  we 
obtain  the  curve  No.  3,  similar  in  character  to  No.  1. 

Further  these  results  seem  to  correspond  with  those  of  Pil- 
litz  already  mentioned.  The  existence  of  a  "  point  of  satura- 
tion" is  simply  due  to  the  fact  that  there  is  a  limit  to  the  amount 
of  replaceable  bases  in  the  soil.  A  similar  limit  seems  to  have 
been  reached  in  some  of  these  experiments.  In  experiment 
Vn,  8,  about  two-thirds  of  the  soda  of  the  silicate  has  been 
replaced  by  lime,  and  an  increase  of  concentration  seems  un- 
able to  carry  the  replacement  further.  The  same  is  seen  in 
vn,  7,  and  the  corresponding  ones  of  the  other  series,  while 
in  those  experiments  where  this  limit  is  not  reached  the 
absorption  increases  with  the  concentration  in  the  same  way  as 
in  soil-absorption.  For  the  same  reason,  apparently,  the  ab- 
sorption in  the  last  four  experiments  of  (V)  and  the  last  three 
of  vl,  decreases  proportionally  to  the  soil,  seemingly  unable  to 
pass  this  limit  of  two-thirds.  That  the  rest  of  the  soda  cannot 
be  displaced  is  not  probable,  but  it  is  evidently  more  difficultly 
replaceable.  The  high  absorption  of  (VI,  8)  is  perhaps  an 
error  of  experiment 

Since,  now,  it  has  been  shown  that  the  absorption  of  bases  by 
hydrous  silicates  resembles  in  all  essential  particulars  soil-absorp- 
tion there  would  seem  to  be  no  reason  why  the  latter  should  not 
be  considered  to  be  due  chiefly  to  these  silicates  in  the  soil.  That 
other  agents  may  also  be  concerned  to  some  extent,  especially  in 
the  absorption  of  free  bases,  is  doubtless  true,  but  that  any  form  of 
surface-attraction  can  decompose  simple  salts  is  yet  to  be  proved. 

In  regard  to  the  chemical  or  physical  nature  of  absorption  it 
will  hardly  be  denied,  in  view  of  the  results  of  Way,  Eichhorn 
and  Heiden,  that  the  reaction  between  the  hydrous  silicates  and 
a  salt  is  essentially  a  chemical  process  consisting  in  a  partial  ex- 
change of  bases.  The  reason  why  the  exchange  is  not  com- 
plete would  seem  to  be  the  same  as  the  reason  why,  e.  g.,  HCl 
and  O  when  heated  together  are  not  completely  converted  into 
HjO  and  CI,  or  the  reverse ;  or  why,  when  two  salts  are  mixed 
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in  solution,  a  partial  decomposition  takes  place,  as  has  been 
shown  by  Gladstone  (Phil.  Tiuns.,  1855,  p.  179)  and  others ; 
viz :  the  so-called  adion  of  mass,  or  the  tendency  of  the  result- 
ing new  compounds  to  react  on  each  other  and  re-produce  the 
the  original  bodies.  This  tendency  is  specially  marked  when 
the  total  solubility  of  the  system  is  nearly  the  same  after  and 
before  the  reaction,  as  where  all  the  possible  products  are  solu- 
ble or  where  one  insoluble  body  gives  rise  to  another. 

The  latter  is  exactly  what  occurs  in  soil-absorption,  or  the  ab- 
sorption of  bases  by  pure  silicates,  and  hence  we  may  safely  say 
that  the  variations  caused  by  the  volume  and  concentration  are 
due  to  the  influence  of  mass  on  a  primarily  chemical  process. 

This  view  has  already  been  suggested  by  Ad.  Mayer  (Lehr- 
buch  der  Agricultur-chemie,  ii,  p.  98).  It  receives  confirmation 
from  the  researches  of  Gladstone  already  alluded  to.  He  added 
to  a  solution  of  ferric  nitrate  increasing  portions  of  potassium 
sulpho-cyanate  and  found  that  each  successive  addition  pro- 
duced less  and  less  ferric  sulpho-cyanate,  but  that  the  ferric 
nitrate  was  never  completely  decomposed.  His  results  repre- 
sented graphically  give  a  curve  essentially  like  those  for  ab- 
sorption already  described. 

According  to  this  view  it  is  the  accumulation  of  sodium 
chloride  in  the  solution  which  prevents  the  further  absorption 
of  lime  hj  the  silicate.  If  then  sodium  chloride  were  added  to 
the  solution  in  the  first  place,  we  should  expect  the  absorption 
to  be  less.  To  test  this  (VII)  was  repeatea  with  the  addition 
of  0*1700  grms.  NaCl  (about  equivalent  to  the  CaClj  present) 
to  each  experiment  The  following  results  were  obtained. 
Silicate.  Abs.  without  NaCL  Aba.  with  NaOL 

2*5      grms.  0*1151  grms.  0*1089  grms. 

1*25       «  0*0663     "  0-0595     " 

0*625     "  0*0859     "  0*0808     " 

0*8126  «  0*0187     "  0-0143     « 

In  every  case  the  absorption  has  been  decreased  by  the  addi- 
tion of  the  sodium  chloride,  as  required  by  the  theory. 

We  are  then,  I  believe,  justified  in  the  following  conclusions. 

The  absorption  of  combined  bases  by  the  soil  consists  in  an 
exchange  of  oases  between  the  salt  and  the  hydrous  silicates  of 
the  soil. 

This  exchange,  which  is  primarily  chemical,  is  only  partial, 
its  extent  varying : 

1st  With  the  concentration  of  the  solution. 

2d.  With  the  i*atio  between  the  volume  of  the  solution  and 
the  quantity  of  soil  used. 

The  cause  of  these  variations  is  probably  the  "  action  of 
mass,"  or  the  tendency  of  the  resulting  compounds  to  re-form 
the  original  bodies,  the  absorption  actually  lound  in  any  case 
marking  the  point  where  the  two  forces  are  in  equilibrium. 

Laboratory  of  Rutgers  College,  May,  1877. 
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Art.  IV. — Dovhh'Star  Discoveries  with  the  IQ^-inch  Chicago 
Refractor;  by  S.  W.  BuRNHAM. 

The  new  double  stars  described  below  were  discovered  with 
the  l&J-inch  Clark  refractor  of  the  Dearborn  Observatory,  on 
the  nights  of  October  1,  2,  4,  7,  10,  11, 15,  16,  and  17,  1876, 
and  are  some  of  the  results  obtained  in  the  use  of  that  instru- 
ment during  a  period  of  three  or  four  weeks,  the  only  oppor- 
tunity the  writer  has  had  of  usinff  it  The  observations  here 
given  are  not  as  complete  as  could  be  desired ;  some  of  the 
new  pairs  being  only  partially  measured,  and  others  not  at  all. 
A  number  of  other  new  and  interesting  pairs  were  found,  but 
the  approximate  readings  of  the  circles,  roughly  noted  at  the 
time  of  finding  them,  are  not  sufficient  to  positively  identify 
them  in  the  star  catalogues  and  thus  fix  their  absolute  places  ; 
and  these  with  other  suspected  pairs,  and  new  compamons  to 
prominent  pairs  and  binary  systems,  are  necessarily  not  in- 
cluded in  the  following  list  The  intention  was  to  measure, 
during  the  course  of  the  work,  all  new  pairs  on  at  least  three 
difierent  nights,  in  order  to  give,  as  accurately  as  possible, 
reliable  micrometrical  results  with  which  future  observations 
might  be  compared  for  determining  the  question  of  physical 
relation  between  members  of  the  systems.  This  seemed  to 
be  the  more  important  from  the  fact  that  many  of  these  pairs 
are  too  difficult  for  ordinarv  apertures,  and  are  practically 
beyond  the  reach  of  most  of  the  well-known  doubie-star  ob- 
servers in  Europe ;  and  a  considerable  time  might  elapse  before 
the  objects  would  be  re-observed  elsewhere.  It  is  necessary  to 
state,  m  explanation  of  its  manifest  incompleteness,  that  the 
work  was  unexpectedly,  and  without  notice,  terminated  by  the 
action  of  the  officers  of  the  Chicago  Astronomical  Society 
which  has  control  of  the  instrumeot,  and  no  opportunity  has 
been  afforded  to  complete  the  projected  series  of  observations 
which  was  but  just  commenced.  Enough  is  given,  however,  to 
show  the  value  and  effectiveness  of  the  telescope  in  this  impor- 
tant branch  of  astronomical  research ;  and  how  much  might  be 
accomplished  for  science,  if  it  were  used  for  any  other  purpose 
than  exhibition  to  visitors. 

The  reference  numbers  attached  to  these  stars  are  the  numbers 
in  my  double-star  catalogues,  seven  of  which  lists,  with  the 
stars  numbered  consecutively,  have  appeared  in  the  Monthly 
Notices  of  the  Royal  Astronomical  Society,  Astronomische 
Nachrichten,  and  in  this  Journal. 

No.  437=L  4291. 
R.  A.=2^  12°»  26»  } 
Decl.=+3°  39'      ) 
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Not  measured,  hni  angle  and  distance  estimated  as  follows : 
P=45°db  D=5"db 

The  principal  star  is  about  7A  magnitude,  and  the  companion 
not  brighter  than  11  of  Struve  s  sc«ue.  The  pair  of  small  stars 
in  the  field,  sp  is  -2"  247  rg\ 

No.  4SQ=z2  2638 
R.  A.=19»»  27"  3«  ) 
Decl.=+36°27'     ) 

AandB  P=43*'-5  D=6'-32  (1876-8) 

AandC  245-2  53-04  (1830-8) 

C  and  D  62-6  6*07  (1830-8) 

The  three  large  stars,  A,  C  and  D,  constitute  the  double  star 
2  2538(=S719),  but  the  small  companion  near  the  principal 
star  is  now  recorded  for  the  first  time,  and  is  probably  too 
minute  for  ordinary  telescopes.  The  measures  given  above  of 
C  and  D  are  by  Struva  These  stars  seem,  by  a  comparison  of 
Struve's  results  with  those  obtained  later  by  Madler,  Secchi 
and  Otto  Struve,  to  be  relatively  fixed,  but  some  of  the  meas- 
ures are  not  very  accordant  By  a  single  observation  I  found 
these  angles  respectively,  287^-1  and  51°*9,  but  there  may  be 
an  error  of  10°  m  reading  micrometer  of  the  first  There  is 
still  another  new  member  of  this  group,  in  an  exceedingly  faint 
star  almost  exactly  midway  between  A  and  0.  No  oppor- 
tunity occurred  to  measure  this.  Struve  gives  the  magnitudes 
of  A,  C  and  D  as  8*2,  8 '3  and  8*7  respectively. 

No.  439=Arg.  (29°)  3845 
R  A.z=19»»  56™  56*  ) 
Decl.=  4-29°  30'      ( 

The  principal  star  is  about  the  eighth  magnitude  (Argelander, 
8-1),  with  a  small  companion.  The  measures  of  one  night 
give: 


P=249**-7 

No 

D=2'-70 
440=:L  38520 

(1876-8) 

R.  A=:20»»  1"°  27» ) 

Decl 

.=+35°  27'    f 

Pz=61°-3 

D= 

:6''-47      Mags. 

7-0  .  .  12+ 

(1876-8) 
(1 876-7) 
(1783-7 

26-8 

7-75 

110 

296  0 

11-27 

9-5 

106-8 

28-15 

11-5 

(1876-7  > 
(1783-71 

32'8 

29-45 

7-5 

1130 

10-12 

12- 

(1876-81 

AandB 
AandC 
AandD 
AandE 
AandF 
FandG 

The  large  stars  (A,  D,  F),  of  this  interesting  group  have 
long  been  known,  and  constitute  the  double  star  ^J^TlL  118 
(=Sh  814=1;  2630  re;).      The  small  attendants,  C  and  E,  I 
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found  with  the  6-in.  refractor  in  1875.  The  faint  star,  G,  was 
discovered  by  Mr.  L  M.  Ward  of  Belfast^  widely  known  for  his 
remarkable  acuteness  of  vision,  with  an  aperture  of  only  4*2-in. 
The  very  minute  companion,  B,  was  added  with  the  IS^-in., 
the  whole  forming  one  of  the  finest  multiple  systems  known. 
Of  the  measures  riven  above,  D  and  P  are  by  Sir  William 
Herschel ;  C  and  E  by  Baron  Dembowski ;  and  B  and  Q  my 
own  results  on  the  occasion  last  referred  to.  The  relative  situ- 
ation of  the  stars  known  to  the  early  observers  appears  to  be 
substantially  unchanged.     For  A  and  D  Dembowski  finds : 

P=300°-7  D=ll'-12  (1876-7) 

By  comparing  the  measures  of  Sir  John  Herschel  and  Sir 
James  South,  with  the  recent  observations  of  Baron  Dembowski, 
there  seems  to  be  an  error  in  Herschers  distance  of  A  F ; — 

P=28-2  D=36-'62  (1823-6) 

28-2  36-98  (1876-7) 

The  relation  of  the  closer  stars  can  be  determined  only  after 
a  series  of  carefully  repeated  measures,  but  it  is  at  least  proba- 
ble that  they  will  be  found  to  have  some  physical  connection. 

No.  441=L  39013 
R.  A.=20^  12"»  37"  ) 
Decl.=+28°  46'      ( 

This  is  a  7*5  m.  star  with  very  small  satellite,  measured  on 
one  night  as  follows : 

P=65-°4  D=6'-87  (1876-8) 

No.  442=Weis8e  xx.  466 


R  A=:20»»  13°*  3"  ) 
DecL=+37'*  11'    J 


AandB 

P=104°-l 

A  and  a 

167-6 

A  and  b 

167-± 

A  and  c 

332-6 

Bandd 

164-3 

BandC 

48-6 

A  fine  group  consisting  of  three  Ifti'g^  stars,  each  about  8-5  m. 
with  closer  minute  companiona  The  following  measures 
were  made  on  this  occasion  : 

D=l8''-47 
4-40 

^± 
19-66 

8-12 
17-69 

There  are  several  other  small  stars  near  not  measured. 
No.  443=L  39293 
R.  A=20»»  19"  12"  ) 
Decl.=+28**  87'      J 

Angle  and  distance  estimated  only : 

P=120^±  D=10''±  Mags.  7-6  ..  .  116 

Am.  J.>aB.  8oi.— Thibd  Sbribs,  Vol.  XIV,  No.  79.— July.  18T7. 
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There  is  a  third  star  following,  about  80"  distant. 

No.  445=Cygni  287 

R  A.=20»»  68"»  23« ) 

Decl.=-f  28^  37'      ) 
Very  unequal  pair ;  the  priocipal  star  7  m.  in  Lalande. 

This  is  L  40821. 

No.  446=Wei88e  xxi  344 
R.  A.=21^  16°>  44« ) 
DecL=-)-32^  66'      J 
A  pair  of  small  stars,  the  larger  9  m.  near  and  south  follow- 
ing a  bright  star. 

P=261°-7  D=2'-30 

No.  447=Vulpeculae  129. 

R.  A.=21»»  18">  46» ) 

Decl.=-f  24°  48'      J 

This  is  a  bright  star,  about  6  m.  with  a  difScult  companion 
in  the  direction  of  340°.  Distance  not  noted,  but  probably 
under  6".  No  opportunity  was  aflfbrded  to  measure  or  examine 
it  a  second  tiroa 

No.  448=L  41874 

R.  A.=21>»  24°»  36»  ) 

DecL=+44°  24'      J 

There  is  some  uncertainty  about  the  place  of  this  pair.    It  is 

assumed  to  be  the  above  7  m.  star  in  Lalande,  which  is  nearly 

in  the  observed  place,  but  may  be  a  larger  star  south  following. 

Estimated  as  follows : 

D=2'=t:  Mags.  7-0  ..  .  11-0. 

A  distant  companion  preceding. 

No.  449=:Radcliffe  5335. 
R  A.=21»»  34°>  42« ) 
DecL=+41°  11'      f 

The  three  larger  stars,  A,  C  and  E,  were  discovered  by  Sir 
William  Herschel  (=  V  III.  110),  and  also  entered  in  the  Pul- 
kowa  catalogue  {=^02  447).  The  new  members  of  the  system, 
B  and  D,  are  very  minute,  and  might  be  easily  overlooked 
with  even  a  large  aperture.  My  measures  of  these,  and  Dem- 
bowski's  of  C  and  E  are  as  follows : 


AandB 

P=zl9*-1 

D=6'-78 

(1876-8) 

AandC 

170-6 

13-71 

(1866-6 
1876-8 
1866-6) 

AandD 

248-2 

17-94 

AandE 

45-7 

29-18 

Dembowski  gives  the  magnitudes  of  A,  C  and  E  as  70,  10*8 
and  7*7  respectively.     A  comparison  of  the  measures  of  these 


Digitized  by  VjOOQIC 


S.  W.  Bumham — Double-Star  Discoveries.  85 

stars  with  the  early  observations  of  Herschel,  would  seem  to 
indicate  considerable  change,  but  this  is  not  confirmed  by  the 
intermediate  measures  of  Otto  Struva 


Herschel 

AandC 

P=157°-6 

D=13"-90 

(1783-8] 

O.  Strove 

AandC 

169-4 

13-86 

(1848-3 

Herschel 

AandE 

49-4 

26-97 

(1783-8 

0.  Struve 

AandE 

45-3 

29-00 

(1848-3 

The  close  agreement  between  the  measures  of  O.  Struve  and 
Dembowski  accords  with  my  own  results  on  the  occasion  of 
observing  the  new  companions,  when  the  angles  came  out 
170°-5,  and  ^-9,  respectively. 

No.  450=B.  A.  C.  7931 
R  A.=22»»  38°>  40"  ) 
DecL=+38*  60'      J 

As  a  double,  this  beautiful  object  is  found  in  the  catalogues 
of  both  Struves,  and  Herschel  {=2  2942=02:  478=i/  1802). 
Struve's  magnitudes  are  7*0  and  9-2.  The  colors  are  very  strik- 
ing, the  larger  being,  according  to  Struve,  reddish  gold,  and  the 
smaller,  ash-color.  A  third  much  smaller  star  was  discovered 
with  the  IBi  in.,  and  measured 'once  as  below  : 

AandB  P=282''-4  D=2'-66  (1831-6) 

AandC  232-0  10-23  (1876-8) 

Measures  of  A  and  B  by  Struva  Dembowski  gives,  P= 
280°-6  :  D=2''-80  (1866  6),  from  which  it  is  safe  to  infer  there 
is  no  substantial  change  in  the  relation  of  these  stars,  and  this 
view  is  supported  by  the  measures  of  Otto  Struve,  Madler, 
Dawes,  and  others.  The  small  star  is  not  a  difficult  object 
with  the  18^  in.,  and  can  perhaps  be  measured  with  a  smaller 
aperture. 

No.  461=:16  Lacertae. 
R.  A.=22»»  46"  37* ) 
DeoL=+42«  40'      ) 

This  star  was  seen  with  a  minute  attendant,  roughly  esti- 
mated from  memory  as  about  20^''  distant  The  angle  was  not 
noted,  and  no  opportunity  occurred  to  re-examine  and  measure 
subsequently. 

No.  462=:L  44916 
R.  A.=22^  61"»  87"  I 
Decl.=+42^  22'      ) 

A  fine  pair  observed  about  the  same  time  as  the  preceding, 
and  like  that  only  estimated  for  the  purpose  of  certain  identifi- 
cation : 

P=270°±  D=6'± 

The  large  star  is  6^  or  7  magnitude,  and  the  companion 
below  12  of  Struve's  scale. 

Ohicago,  May  6,  1877. 
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Art.  V. — Supplement  to  the  Account  of  the  Discoveries  in  Vermont 
Oeohgy  of  the  Rev.  Augmtus  Wing  ;  by  J  AMES  D.  Dana. 

Since  the  publication  of  the  preceding  number  of  this  Jour- 
nal, containing  the  concluding  part  of  the  account  of  Mr.  Wing's 

aiscoveries,  I  have  received  from 
Professor  H.  M.  Seelj,  of  Middle- 
bury,  Vt.,  a  manuscript  geologi- 
cal map  by  Mr.  Wing,  which  had 
been  recently  found  amon^  his 
})apers.  Since  the  account  is  not 
complete  without  the  results  of 
his  observations  contained  in  this 
map,  the  portion  of  it  is  here 
reproduced  in  which  his  outlines 
of  the  shite  and  limestone  areas 
differ  froia  those  of  the  Vermont 
Geological  Map.  By  comparing 
with  the  map  and  remarKs  on 
page  335  of  the  last  volume  of 
this  Journal,  the  differences  will 
be  perceived  without  special  ex- 
planations. The  outlines  of  the 
towns  are  added  to  aid  the  com- 
parison with  the  colored  map  in 
the  Veiinont  Report 

Mr.  Wing's  map  contains  also 
his  deductions  with  r^ard  to  the 
distribution  of  the  formations — 
part  of  which  are  not 
yet  established.  The 
West  Rutland  and 
Sudbury  areas  are 
both  made  Chazy 
along  the  center  and 
Trenton  along  the 
east  and  west  boniers, 
which  may  be  true, 
although  only  Chazy 
fossils  nave  been  dis- 
tinguished in  the  for- 
mer, and  Trenton  in 
the  latter.  Along 
either  side  of  the  cen- 
tral slate  belt,  which 
is  Hudson  River  (Cin- 
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ciDuati)  in  age,  a  belt  of  color  indicating  Trenton  extends ;  then 
others,  more  remote,  for  Chazy,  Calciferous  and  Potsdam :  and 
the  Ghazy  east  of  the  slate-belt  extends  two-thirds  of  the  way 
to  the  quartzyte.  These  points  in  the  map  rest  mainly  on  fos- 
sils, except  the  eastern  boundary  of  the  Chazy,  and  the  periods 
assigned  to  the  part  of  the  limestone  still  farther  east 


Art.  VI. — On  the  relations  of  the  Geology  of  Vermont  to  that  of 
Berkshire ;  by  James  D.  Dana. 

In  my  memoir  on  the  Quartzyte,  Limestone,  and  associated 
rocks  of  Great  Barrington,  Berlcshire  Co.,  Massachusetts,  pub- 
lished in  this  Journal  in  1872  and  1878,^  I  based  the  conclu- 
sion there  presented  with  r^ard  to  the  age  of  the  Berkshire 
rocks  largely  on  the  single  discovery  of  Mr.  A.  Wing,  of  Chazy 
fossils  in  the  West  Butland  limestone,  the  only  one  of  his 
that^  had  then  been  made  publia  Th^  wider  knowledge 
of  his  discoveries  which  we  now  have,  through  his  notes  and 
letters,  gives  a  better  basis  for  a  decision,  and  I  propose  to  con- 
sider the  bearing  of  the  facts  as  now  understood. 

We  have  first  to  enquire  what  reasons  there  are  for  making 
the  geology  of  Vermont  a  key  to  that  of  Berkshire  These  are 
afforded  both  by  the  geographical  and  the  stratigraphical 
arrangement  of  the  rocka  The  facts  given  beyond  are  in  part 
contained  in  my  former  memoir.  Others  are  added  from  my 
more  recent  observations 

1.  The  Gbogbaphical  Arranobmbnt  of  the  Rocks. 

Whatever  be  true  of  the  whole  Green  Mountain  region,  the 
western  half  of  it,  including  the  *•  Eolian  limestone"  and  its 
associated  rocks,  is  eminently  a  natural  area,  both  as  regards 
its  topography  and  its  rocks.  This  north-and-south  area  is 
divided  among  four  States — three  of  Western  New  England, 
and  the  State  of  New  York.  But  the  boundaries  of  Vermont, 
the  northern  of  the  series,  are  of  political  authority,  not  geologi- 
cal ;  and  so  are  those  of  Massacnusetts,  Connecticut,  and  New 
York. 

(1.)  The  Limestone  formation. — The  great  limestone  belt  of 
Vermont  stretches  southward,  without  interruption  or  dimin- 
ished width,  into  Berkshire  Co.,  Massachusetts;  through 
Berkshire,  into  Western  Connecticut ;  and,  continuing  its  south- 
by- west  trend  over  Canaan  and  Salisbury,  it  passes  out  of  Con- 
necticut, still  as  wide  as  in  anv  more  northern  part,  into  eastern 
New  York,  over  the  towns  of  Amenia  and  Dover,  to  Pawling. 
Thence  it  still  stretches  southward  for  seven  or  eight  miles,  but 

♦  VoL  iv,  362,  460,  (604) ;  v,  47,  84 ;  vi,  257. 
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with  narrowlDg  limits,  and  finally  ends  in  a  narrow  strip  among 
the  flexures  of  hard  gneiss  rocka  It  is  one  of  the  long  Green 
Mountain  formations. 

(2.)  The  Quartzyte  series. — ^Associated  with  the  limestone  belt, 
and  following  mainly  its  eastern  border,  there  is  a  ^uartssyte 
series,  consisting  in  Vermont  of  (juartzyte  and  crystalline  slate 
or  schist  (hydromica  slate,  sometimes  chlorite  slate),  and  rising 
at  intervals  into  mountain  ridges.  This  (juarCzvte  formation 
commences  just  abreast  of  the  northern  limit  of  the  "Eolian 
limestone"  in  Vermont ;  and  it  follows  it  southward  through 
Massachusetts,  and  into  Connecticut,  being,  throughout,  its  close 
attendant 

(8.)  The  Slate  or  Schist  series. — ^Again,  alone  and  west  of  the 
centitJ  portion  of  the  limestone  region,  ana  on  much  of  its 
western  oorder,  there  are  ranees  of  hydromica  slate  often  chlor- 
itic,  with  some  clajr-slate.  A  broad  slate  belt  is  a  prominent  fea- 
ture of  the  region  in  Vermont  west  of  its  center.  It  commences 
within  ten  miles  of  the  northern  terminus  of  the  limestone, 
extends  south  with  increasing  width  and  height,  rising  at  inter- 
vals into  mountain  elevations  2,500  feet  or  more  m  height^ 
Herrick  Mountains,  in  Ira,  having  a  height  of  2,661  feet,  and 
Equinox  Mountain,  in  Manchester,  8,872  feet  (Gruyot)  above 
tide-level.  It  continues  with  unchanged  course  into  Massachu- 
setts, or  rather  alon^  the  connecting  borders  of  Massachusetts  and 
New  York,  and  this  part,  south  of  Vermont,  has  long  borne 
the  name  of  the  Taconic  Mountains ;  and  here  it  rises  into 
peaks  nearly  as  high  as  those  of  Vermont,  Grraylock  being  3,600 
feet  in  height,  ana  Mount  Everett,  2,684  feet  Further,  the 
Taconic  Mountains  consist  chiefly  of  hydromica  slate  more  or 
less  chloritic,  like  the  southern  portion  of  the  same  range  in 
Vermont 

Thus  there  is  a  marked  unity  in  the  area  from  north  to  south 
indicated  not  merely  in  the  continuity  of  the  limestone  forma- 
tion, but  also  in  the  like  continuity  of  the  whole  series  of  asso- 
ciated rocks — ^limestones,  quartzyte  and  schists — of  the  eastern, 
middle  and  western  portions  of  "the  great  north-andsouth  area. 
And  this  unity  fiivors  strongly  the  idea  of  oneness  in  age,  in 
origin,  and  in  mountain-making  movements. 

The  lithological  identity  is  not  perfect  throughout;  yet  the 
differences  are  introduced  by  very  gradual  transitions,  evident 
only  as  the  whole  area  from  north  to  south  is  surveyed,  and 
hence  they  are  additional  proof  of  the  unity.  They  are  differ- 
ences mainly  in  grade  of  metamorphism. 

The  great  central  slate-belt  of  Vermont  commences  to  the 
north,  according  to  the  Vermont  Report,  in  a  day-slate  belt 
Thirty  miles  or  so  south,  hydromica  slate,  a  more  crystalline 
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rock,  commences  on  the  two  borders  of  the  clay-slate  area,  with 
the  band  of  the  eastern  border  much  the  broader — correspond- 
ing in  this  with  the  general  fact  of  a  higher  decree  of  metamor- 
phism  on  the  east  Seventy  miles  farther  soutn,  in  the  Taconic 
Mountains,  and  its  eastern  spur,  Gray  lock,  the  hjdromica  slate 
is  in  part  of  somewhat  coarser  texture  and  more  chloritic,  and 
this  same  rock  constitutes  Mount  Washington  in  southwestern 
Massachusetts,  near  the  southern  termination  of  the  Taconic 
range.    It  even  becomes  in  part  mica  slate. 

Tne  distance  fix)m  the  north  extremity  of  the  slate  belt  to 
Mount  Washington,  through  which  this  small  change  occurs, 
is  150  miles. 

The  ridges  in  Berkshire  south  of  Graylock,  or  over  the 
western  third  of  the  limestone  region,  including  the  ridges 
either  side  of  West  Stockbridge  village,  and  the  Tom  Ball 
ridge  farther  south,  west  of  WiUiamsville,  consist  of  the  same 
rocks  as  Graylock,  with  scarcely  appreciable  difference.  Some 
of  the  beds  are  garnetiferoua 

The  ridges  along  a  line  a  little  farther  east,  near  the  center  of 
the  limestone  belt,  that  is,  those  next  east  of  Tom  Ball,  and  east 
and  west  of  Great  Barrington,  have  the  hydromica  slate  replaced 
by  mica  schist,  and  then  by  mica  schist  and  gneiss,  part  of  it  a 
thick-bedded  granitoid  ^eiss.  South  of  Great  Barrington,  in 
ShefBeld,  the  schist  of  ridges  in  the  midst  of  the  limestone  area 
(which  has  here  great  width)  is  a  coarse  mica  schist  containing 
abundantly  garnets  and  crystals  of  staurolite ;  and  the  same 
staurolitic  mica  schist  exists  under  similar  circumstances  near 
Falls  Village,  in  Canaan,  Connecticut,  the  next  town  south  of 
Sheffield,  and  also,  farther  south  and  west,  in  Salisbury.  Thirty 
miles  south-by-west  of  Canaan,  about  Pawling,  and  beyond  to 
the  termination  of  the  limestone  belt,  the  associated  rock  is  mica 
schist  or  gneiss. 

The  schists,  according  to  the  above  facts,  become  more  and 
more  crystalline  on  passing  southward — chloritic  hydromica 
slates  giving  way  to  mica  schist,  gametiferous  and  staurolitic 
mica  schist,  and  gneiss ;  but  only  oy  very  gradual  transitions. 
It  should  be  here  kept  in  view  that  the  aifference  in  constitu- 
tion between  hydromica  slate  and  mica  schist  consists  simply  in 
the  presence  oi  a  few  per  cent  (three  to  six)  of  water  in  the 
mica  of  the  former,  and  only  one  or  two  or  none  in  that  of  the 
latter;  and  that  gneiss  has  merely  the  distinction  of  more 
feldspar  and  less  mica  than  mica  schist 

A  parallel  change  takes  place  in  the  associated  limestone 
formation.  To  the  north,  in  central  Vermont,  and  especially 
along  the  western  portion  of  the  limestone  region,  occur  tne  areas 
of  grayish  half-altered  or  semi-metamorphic  limestone,  affording 
distinguishable  fossils.     Further,  the  limestone  of  this  northern 
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portion  of  the  Eolian  limestone  is  generally  very  fine  in  grain 
even  where  of  the  purest  white  cx)lor.  In  rittsford  and  Bran- 
don are  found  the  best  of  statuary  marbles,  looking  like  the 
finest  loaf-sugar  in  texture.  South  of  Pittsford,  in  Rutland, 
the  marble  is  a  little  less  fine  in  its  grain  than  it  is  farther 
north ;  in  Berkshire,  it  is  mostly  much  coarser,  none  answering 
to  statuary  marble  existing  anywhere ;  and  in  southern  Berk- 
shire and  Canaan,  Ct.,  it  is  still  coarser  in  crystallization,  and 
abounds  also  in  many  places  in  tremolite,  white  pyroxene,  and 
mica.  Thus  the  fact  of  intenser  metamorphism  to  the  south- 
ward is  as  plainly  apparent  in  the  limestones  as  in  the  schists. 

After  this  survey  of  the  facts  we  have  to  admit  that  the  difier- 
ences  are  so  distnbuted  geographically  as  to  prove  unity  of 
area  and  rocks,  rather  than  diversity. 

Similar  differences,  depending  on  degree  of  crystallization, 
are  found  in  going  from  tvest  to  east  m  Massachusetts,  as  in 
Vermont  The  roct  of  the  Taconic  Mountains  is  mainly 
hydromica  slate  and  chloritic  hydromica  slate ;  and  of  ridges, 
farther  v)est^  in  Columbia  County,  New  York, — ^as  in  Copake  at 
the  foot  of  the  mountains, — a  finer  hydromica  slate  and  clay- 
slate,  with  bluish  semi-crystalline  limestone.  But  going  east- 
ward, in  Berkshire,  to  Stockbridge  and  Great  Barrington,  and 
farther  east  to  Monterey  and  T^ringham,  there  are,  as  illus- 
trated in  the  facts  stated  beyond,  first  a  coarser  hydromica 
slate,  partly  gametiferous ;  then  fine-grained  mica  schist  and 
gneiss ;  and  then  coarser  and  harder  varieties  of  the  latter 
rocks ;  and  the  crystalline  limestone,  which  is  almost  free  from 
foreign  crystallizations  in  Stockbridge  and  West  Stockbridge, 
contains  large  crystallizations  of  white  pyroxene  or  tremolite 
in  some  places  in  Lee,  Monterey  and  Tynngham. 

2.  The  Stbatiobaphical  Relations. 

In  Vermont  we  have  found  the  following  cases  of  conforma- 
ble stwerposition  or  tnierstratifioationj  as  described  in  the  account 
of  Mr.  Wing's  researches,  and  illustrated  in  the  figures  of  sec- 
tions accompanying. 

(1.)  The  limestone  and  schists  conformabla 

(2.^  The  quartzyte  and  schists  conformabla 

(3.)  The  c^uartzyte  and  limestone,  and  also  the  quartzyte, 
schists  and  limestone,  conformable. 

The  first  of  these  Vermont  cases  of  conformability  is  illus- 
trated in  the  sections  on  pages  338,  340,  344,  346,  347  of  the 
last  volume  of  this  Journal ;  the  second,  in  the  constitution  of 
the  quartzyte  formation,  as  explained  on  page  411 ;  the  thirds 
in  the  sections  presented  on  pages  840  and  412. 

The  following  facts  show  that  wholly  similar  cases  of  con- 
formable superposition  exist  in  Berkshire. 
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(1)    Interetratified  limeetone  and  sehieis.* 

Pig.  1  represents  a  very  common  case  of  this  first  kind. 
Chloritic  hydromica  slate,  dipping  eastward,  lies  between  strata 
of  limestone  which  have  the  same  dip.  Examples  occur  in 
the  southern  third  of  the  ridge  called  Tom  Ball,  southwest  of 
Van  Deusenville;  also  in  Alvord,  west  of  Tom  Ball;  in  West 
Stockbridge;   along  much  of  the  Taconic  range,  the  slates 


.^l^^^K. 


South  end  of  Tom  Ball.  West  of  aiendale. 

having  eastward  dip  between  limestone  strata  of  like  dip; 
and  in  many  other  placea  Two  miles  east  of  Tom  Ball,  in 
Glendale,  the  structure  is  repeated  with  thin  strata  of  the 
schist  as  in  fig.  2 ;  moreover,  the  schist,  is  here  a  coarse  mica 
schist  instead  of  hydromica  slate.  West  of  the  village  of  Great 
Barrington,  there  is  a  ridge  of  schist  between  limestone,  as  in 
fig.  1,  out  the  schist  is  mica  schist  with  some  gneiss,  and  a  thin 
bed  of  quartzyte.  A  few  miles  farther  south,  in  Sheffield,  in 
the  midst  of  the  limestone  area,  and  not  far  from  its  center, 
the  conditions  in  fig.  1  exist,  but  with  the  schist  a  mica  schist 
containing  staurolites  and  garnets. 

Examples  also  occur  in  which  the  dip  is  comparatively 
small.  At  the  north  end  of  Tom  Ball  the  position  of  the  rocks 
is  as  represented  in  fig.  8,  in  which  on  the  east  the  limestone 


North  end  of  Tom  BalL  West  of  Glendale. 

dips  west  18°  to  20°  under  the  chloritic  hydromica  slate,  con- 
taming  in  some  places  many  garnets,  and  passing  also  into 
mica  slate.     The  schist  overlies  the  limestone  in  a  synclinal. 

East  of  the  north  end  of  Tom  Ball,  on  the  road  to  Glendale, 
the  limestone  dips  eastward  25°  under  a  bluflf  of  gametiferous 
mica  schist  (fig.  4). 

The  facts  connected  with  Graylock,  in  Northwestern  Massa- 
chusetts, the  highest  of  the  Taconic  peaks,  point  to  a  synclinal 
(or  a  synclinal  with  subordinate  anticlinals  and  synclinals), 

*  In  all  the  figures  the  blocked  areas  represent  limestone ;  the  simply  lined, 
slate  or  schist;  the  lined  and  dotted,  qnartzyte.  Moreoyer,  the  right  end  is  the 
eoffiward  end. 
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much  like  that  of  the  north  end  of  Tom  Ball,  as  shown  i  n 
figure  5,  by  Emmons,  here  repeated.*  The  same  structure 
exists  in  Mount  Washington  in  Southwestern  Massachusetts, 
the  next  highest  summit  of  the  range.  At  the  eastern  foot  of 
this  mountain  the  limestone  dips  westward  at  a  small  angle, 
(25°  to  30°),  beneath  the  chloritic  hydromica  slate,  as  I  have 
described  m  a  former  article  ;t  and  the  more  eastern  and 
highest  peak  of  the  mountain,  called  Mt  Everett,  partakes  of 


Graylock. 


Half  mile  N.  of  Houaatonic, 
west  of  the  Old  Furnace. 


this  westward  dip  ;  while  in  Copake,  at  the  western  foot,  where 
the  dip  of  the  slate  is  eastward,  the  limestone  dips  eastward 
conformably  to  the  slate,  (the  strike  N.  20''-25°  E.,  dip 
40^-60°).  In  my  examinations  in  Copake  I  had  the  guidance 
of  Mr.  William  Miles,  who  had  thoroughly  explored  the  lime- 
stone localities.  Besides  the  many  conformable  outcrops  over 
the  interior  of  the  valley,  there  were  others  of  large  extent 
close  to  the  slate  of  the  mountains,  and  one  where  the  lime- 
stone and  slate  were  seen  in  contact 

Again,  half  a  mile  north  of  Housatonic,  west  of  the  river, 
the  section  in  fig.  6  is  seen  in  an  abandoned  quarry.  The 
limestone  dips  10   to  25*^,  and  passes  beneath  mica  slate.     In 


Canaan  Mountain. 
Southwest  Front 


Falls  Village,  Canaan. 
West  side  of  river. 


Hill  west  of  the  villaffe  of 
Tyringham. 


Canaan  Mountain,  Connecticut,  in  the  southwest  front  there  are 
150  feet  of  limestone  at  base,  dipping  15°  to  20°  to  the  east- 
ward underneath  mica  schist  (fig.  7).  In  the  same  town,  at 
Palls  Village,  west  of  the  Housatonic  River,  a  ridge  (fig.  8] 
consists  of  limestone  below  dipping  at  an  angle  of  15°-20 
under  a  mica  schist  containing  garnets  and  staurolites.  The 
mica  schist  forms  the  upper  part  of  the  hill  and  the  limestone 
outcrops  toward  its  basa 

*  See  last  yolume  of  this  Journal,  p.  347.    f  This  Journal,  ni,  vi,  266, 1873. 
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Further,  in  the  most  eastern  of  the  limestone  areas,  in 
Tyringham,  twelve  miles  east  of  the  Taconic  range,  a  hill, 
just  west  of  the  village,  having  a  height  of  450  feet  above  the 
bridge  near  its  base,  consists  of  well  stratified  limestone  to 
within  sixty-five  feet  of  the  top,  (fig.  9) ;  and  above  this  of 
mica  schist  (the  contact  distinct),  and  very  hard  whitish  thick- 
bedded  gneiss ;  the  whole  ^pping  southeast  20°  to  28°,  with 
the  strike  N.  40°-45°  W.  Within  the  limestone  stratum,  fifty 
feet  below  its  upper  limit,  there  is  a  thin  layer  of  mica  schist 

These  examples  are  sufficient  to  illustrate  the  point  in  view. 
Two  others  are  given  beyond. 

(2.)  Interetratified  quartasyte  and  schists. 

At  the  east  front  of  Monument  Mountain,  half  way  from 

Stockbridge  to  Great  Barrington,  quartzyte  overlies  mica  schist 

and  gneiss  (fig.  10),  the  dip  15°  to  25°,  to  the  southeast     The 

11. 


West  end  of  Monument  Mountain.  East  front  of  Monument  Mountain. 

quartzyte  is  a  hard  kind  without  bedding,  but  vertically  jointed. 
At  the  western  end  of  the  same  mountain,  opposite  the  villi^e 
of  Housatonic,  the  quartzyte,  which  forms  the  bold  part  of  the 
front  and  rises  to  its  greatest  height  a  little  back  from  Uie  front, 
is  at  last  capped  by  mica  schist  and  gneiss  (fig.  11),  a  continuation 
of  the  stratum  that  underlies  the  quartzyte  of  the  eastern  front 
The  quartzyte  is  here  mostly  devoid  of  bedding ;  but  in  its 
upper  part  the  bedding  is  distinct  and  parallel  with  that  of 
the  schist  This  stratum  of  schist  is  locally  a  handsome  grani- 
toid gneiss  half  a  mile  to  the  eastward,  at  the  top  of  the  west- 
ern half  of  Monument  Mountain,  showing  in  hand  specimens 
no  bedding  whatever ;  but  in  most  parts  of  the  mountain  it  is 
rather  mica  schist  than  gneisa* 

East  Mountain,  rising  from  the  Great  Barrington  Valley  half 

*  This  section  of  the  western  end  of  Monument  Mountain  is  not  here  oon- 
tinued  to  its  base,  because  the  observations  of  this  part  were  not  wholly  satisfac- 
tory owing  to  the  concealment  of  the  rocks  by  the  soil.  The  stratum  of  schist  in 
my  former  published  section  was  inferred  to  exist  there  below  the  quartzyte,  as  I 
state  in  describing  the  section,  from  the  great  number  of  blocks  over  the  siuface ; 
and  that  of  the  underlying  limestone  from  small  exposures  along  a  path  up  the 
lower  slopes  of  the  mountains  south  of  the  old  furnace,  and  from  some  veir 
large  masses  of  limestone  on  the  east  bank  of  the  river,  above  tiie  furnace,  which 
may  possibly  be  transported  blocks. 
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a  mile  east  of  the  village,  consists  below  of  thick-bedded  gneiss, 
similar  to  part  of  that  of  Monument  Mountain,  but  contorted 
in  its  bedding  and  dipping  40°  to  50°  to  the  eastward  ;  at  top, 
for  the  upper  100  feet,  it  is  laminated  quartzyte  (fig.  12),  re- 
sembling the  laminated  quartzyte  of  many  otner  localities  in 
the  limestone  region.  This  auartssyte  is  gneissoid  in  many 
places,  or  a  sandy  gneiss,  making  manifest  thereby  the  close 
relations  of  the  two  rocks. 

12.  13. 


East  Mountain,  Groat  Barrington.  Gobble  Hill,  South  Canaan. 


In  South  Canaan,  east  of  the  village,  Cobble  Hill  consists 
below,  to  the  west,  of  a  soft-bedded  quartzyte,  dipping  south- 
eastward 40°  (fig.  18),  twenty  to  twenty-five  feet  of  which  are 
exposed  on  the  road  side ;  next  above,  a  stratum  of  mica  schist 
and  thin-bedded  gneiss,  containing  scales  of  both  black  and  white 
mica ;  and  then  a  whitish,  granite-like  gneiss.  The  quartzyte 
contains  at  intervals,  in  its  upper  part,  streaks  of  black  and 
white  mica,  and  thus  exhibits  its  relations  to  and  passage  into 
the  overlying  gneiss. 

East  of  the  village  of  Lee,  a  low  ridge  consists  below  of 

Suartzyte ;  at  middle  of  mica  schist ;  and  at  top  of  quartzyte — 
11  dipping  eastward  15°  to  25°  (fig.  14). 

(8.)  Inter9trca\/i€l  quarte^fUy  limestone^  and  schists. 

The  &ct  that  the  quartzyte  keeps  by  the  side  of  the  limestone, 
with  small  exceptions,  from  its  northern  limit  southward  to 
Connecticut  suggests  that  there  is  a  close  stratigraphical  con- 
nection between  them.  Further,  seeing  that  the  limestone  occurs 
interstratified  with  the  schists,  and  also  the  quartzyte  of  the 
same  region  with  the  same  schists,  there  would  seem  to  be 
hardly  any  ground  for  questioning  the  inference  that  the  quartz- 
yte and  limestone  are  parts  of  the  same  great  series  of  forma- 

14.  16. 


I      q      1^      q  8 

East  of  the  village  of  Lee.     Quartzyte  ridge  east  of  south  end  of  Tom  BalL    . 

tions.      On  these  fgrounds  and  the  occurrence  of  limestone 
near  by,  it  would  be  a  reasonable  inference  that  the  strata,  of 
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fig.  14  and  the  limestone  are  conformable.  But  there  is  also 
demonstrative  evidence  of  this  relation  in  sections  Pig.  16 
represents  a  section  of  a  ridge  east  of  the  southern  part  of  Tom 
Ball  Limestone,  dipping  eastward  70°  to  80°,  adjoins  a  hard 
<]^Qartzyte ;  and  in  the  cjuartzyte  there  is  a  stratum  of  impure 
limestone  {V)  dipping  with  the  other  limestone  *  This  stratum 
indicates  the  dip  of  the  quartzyte,  which  is  elsewhere  without 
bedding,  and  shows  the  conformability  of  the  two  rocks.  East 
of  the  ridge  there  is  an  outcrop  of  mica  schist,  thirty  rods  east 
of  the  eastern  outcrop  of  quartzyte,  having  nearly  the  same 
strike  though  less  dip ;  so  that  we  have  all  three  roclcs  associated 
in  the  same  section. 

Fi^.  17  represents  several  alternations  of  quartzyte,  schist, 
and  limestone,  near  Devany's  quarry,  four  miles  east  of  Great 
Barrington,  all  with  small  eastward  dip :  and  here  also  mica 
schist  and  gneiss  alternate  with  the  other  rocks,  and,  besides, 
constitute  the  upper  stratum  at  the  quarry.  At  this  place,  the 
intervals  of  earthy  surface  between  the  outcrops  are  as  follows : 
between  8  and  4,  fifty  yards ;  between  4  and  5  (limestone  and 
overlying  quartzyte),  hardly  a  yard  ;  between  5  and  6,  a  marshy 
spot  of  forty  yards ;  between  6  and  7,  fifty  yards ;  7  and  8  (lime- 
stone and  overlying  gneiss)  are  in  contact,  and  so  also  are  9 
and  10  (quartzyte  and  overlying  gneiss).  No.  1  is  the  east- 
em  border  of  the  limestone  of  tne  Konkaput  valley.     The 


Three-mile  EUdge,  west  aide       _     ^        *-*       ^       *  *        "       '    ^** , 

of  Konki^ut  Valley.  Devanj's  Quany,  east  side  of  Konkaput  Valley. 

thinner  lower  layers  of  quartzyte  in  this  section  have  little 
lateral  extent  Devany's  bluff  is  part  of  the  southwestern 
foot  of  Beartown  Mountain.  The  schist  at  the  top  of  the  bluff, 
(10,  fig.  17),  continues  upward  to  a  height  of  800  or  900  feet 
above  the  upper  quartzyte,  beinj?  the  rock  of  the  mountain ; 
and  at  this  southern  extremity  of  the  mountain  it  has  a  small 
dip  (10®  to  25°)  to  the  northeastward,  so  that  the  auartzyte  and 
limestone  of  the  Devany  region  is  overlaid  by  at  least  800  feet 
of  schist  This  schist  is  raostlv  a  whitish  and  gray  gneiss,  verv 
tough  and  hard  ;  but  with  it  there  is  granulyte,  gray  and  black 
mica  schist,  and  blackish  homblendic  schist 

*  This  Journal,  III,  ▼,  84. 
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Pig.  16  exhibits  the  stratification  in  Three-mile  Bidge, — a 
ridge  on  the  opposite  side  of  Konkaput  valley  from  Devany's 
bluff,  and  shows  the  same  succession  essentially  as  on  the 
Devany  side — namely,  limestone  (that  of  the  Konkaput  valley) 
below  ;  next  quartzyte ;  next  a  great  thickness  of  gneiss — not 
less  than  800  feet  Three-mile  Bidge  extends  southward 
(S.S.E.),  with  rather  an  abrupt  front,  and  shows  in  a  distant 
view  nearly  horizontal  lines  of  stratification.  The  dip  is  mostly 
25°  to  the  northwest ;  but  at  base,  toward  the  notch  passed 
through  by  the  road  to  Great  Barrington,  it  is  diminished  to 
8^  The  gneiss  (as  may  be  seen  three  or  four  hundred  yards 
south  of  the  notch)  rests  on  a  stratum  of  quartzyte.  It  is  hard 
quartzyte,  but  has  the  bedding  distinct.  It  includes,  besides 
some  interrupted  micaceous  Imes,  a  layer  a  foot  thick  of 
gneiss ;  but  tnis  gneiss  layer,  after  a  few  rods,  fades  out  to  the 
northward  and  becomes  a  layer  of  quartzyte  scarcely  distin- 
guishable from  the  rest  of  the  quartzyte.  Thus  again,  the 
distinction  between  quartzyte  and  gneiss  in  Berkshire  proves 
to  be  of  no  more  importance  than  that  of  quartzyte  and  nydro- 
mica  slate  in  the  quartzyte  formation  of  Vermont  The  soil 
conceals  at  this  place  the  lower  part  of  the  quartzyte  stratum, 
and  the  underlymg  rock  or  rockis ;  but,  half  a  mile  southeast- 
ward, along  a  roaa  which  runs  nearly  parallel  with  the  moun- 
tain and  not  far  from  its  base,  and  also  between  this  road  and 
the  mountain,  the  limestone  of  the  Konkaput  valley  outcrops 
with  a  small  northwestward  dip  (15°-20**),  conformable  to  the 
schist  of  the  mountain ;  and  these  outcrops  continue  numerous 
for  more  than  a  mile.  In  one  knoll,  toward  the  mountain,  the 
beds  were  found  to  dip  eastward,  but  this  was  an  exceptional 
case.  Elsewhere  the  dip  was  northwestward,  and  at  one  spot 
the  limestone  was  seen  directly  overlaid  conformably  by  the 
schist 

I  have  above  given  the  facts  of  my  own  observation.  The  same 
general  conclusion  with  regard  to  the  interstratification  of  these 
formations  was  long  aso  reached  by  Professor  Edward  Hitchcock, 
and  announced  in  his  Keport  on  the  Geology  of  Massachusetts. 
SpeiJdng  of  the  quartzyte,  he  says  (Report  of  1841,  p.  590) :  ^4t 
alternates  with  and  passes  imperceptiblv  into  gneiss  and  mica 
slate ;  and  in  fact  it  mi^ht  very  properly  be  regarded  as  a  mem- 
ber of  the  ^eiss  and  mica  slate  formations ;"  in  Berkshire  '^  it  is 
frequently  mterstratified  with  gneiss  and  mica  slate,  especially 
alonff  the  eastern  side  of  the  valleys,  as  in  Tyringham,  Great 
Barrmgton  and  Sheffield." 

He  also  states  (p.  573  and  bevond)  that  in  Berkshire,  the  lime- 
stone occurs  interstratified  with  the  gneiss,  mica  slate,  talcose 
slate  and  quartz  rock  of  the  region ;  that  in  N  ew  Malborough  and 
Tyringham  it  is  found  in  beds  between  the  strata  of  gneiss,  as  at 
Ufadseirs  lime  quarry ;  and  that  its  interstratification  with  mica 
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slate  may  be  seeo  in  nnmeFouB  plaoes  in  all  parts  of  the  county. 
He  adds  that  he  had  not  ^'  met  with  a  spot  where  the  limestone  is 
in  direct  contact  with  quartz  rock ;  but  as  this  rock  frequently 
alternates  with  gneiss  and  mica  slate,  and  the  latter  with  the 
limestone,  they  must  all  be  regarded  as  interstratified  with  one 
another." 

Before  Professor  Hitchcock's  observations  were  made,  Professor 
Dewey  announced  in  this  Journal,  in  1819,  that  the  Berkshire 
limestone  at  the  Cave  or  JFbUs  in  Adams,  east  of  Williamstown, 
and  also  west  of  the  Hoosac,  rests  on  mica  slate.  Further,  iSro- 
fessor  Hilliman,  in  the  second  volume,  1821,  gives  an  account  of 
the  interstratification  of  the  limestone  and  mica  slate  in  Salisbury, 
Ct.,  west  of  the  Housatonic,  saying  that  ^  in  the  course  of  five  or 
six  miles  there  are  as  many  alternations  and  successions  of  these 
two  rocks,"  and  ^^  their  junction  in  some  places  is  exactly  defined, " 

Abrupt  transitions  in  dip  or  strike  occur  in  some  places 
which  suggest  that  there  is  unconformability.  But. the  above- 
explained  actual  sections  prove  them  to  be  exceptional ;  and 
this  is  sustained  by  other  facts.  Thev  are  common  over  the 
broad  areas  of  crystalline  limestone  modferate  in  dip,  and  of  rare 
occurrence  over  the  r^ons  of  schist,  and  also  in  the  limestone 
areas  close  adjoining  the  schist  When  making  my  first  sec- 
tion of  Western  Connecticut,  I  passed  from  the  schists,  which 
had  given  regular  dips  and  strikes,  to  the  wide  limestone  area 
of  Canaan ;  and  expected  to  find  in  it  essentially  the  system 
and  regularity  of  position  met  with  in  the  other  rocks.  But 
the  observations  of  dip  and  strike  were  soon  found  to  be  of  lit- 
tle value  except  as  regards  questions  of  local  interest;  they 
could  not  be  used  to  determine  either  the  direction  of  the  up- 
lifting force,  or  that  of  couformability  in  the  formations,  because 
of  the  abrupt  local  changes,  which  sometimes  amounted  to  50 
or  60  degrees  in  dip  and  strike  in  a  few  roda  The  same  irregu- 
larities occur  over  all  the  other  limestone  areas  of  the  Green 
Mountain  r^on  except  where  the  beds  dip  at  a  high  angla 
Examples  occur  in  the  broad  valley  east  of  Monument  Mount- 
ain, at  a  quarry  half  a  mile  distant  from  the  bold  front  of  the 
mountain,  where  the  beds  are  vertical ;  in  the  valley  west  of 
Devany's  quarry,  just  west  of  the  place  where  the  section  rep- 
resented in  fig.  14  was  obtained  ;  in  the  Housatonic  Valley  be- 
tween Housatonic  village  and  the  old  furnace ;  in  the  vicinity 
of  Grlendale  and  Stockoridge ;  in  the  valley  of  West  Stock- 
bridge,  and  in  other  placea  In  sections  observed  close  by  the 
intervening  ridges  of  schist,  the  irregularities  are  with  a  rare 
exception  absent  and  the  couformability  to  the  schist  is  placed 
beyond  doubt 

An  unconformable  limestone  ledge  is  alluded  to  above  as 
existing  in  the  valley  near  the  Devany  bluff.  The  conformable 
limestone-outcrops  extend  along  the  side  of  the  valley  for  a 
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fourth  of  a  mile.  But  toward  the  west  end  of  the  aeries,  in 
front  of  the  conformable  outcrops,  that  is,  a  little  nearer  the 
middle  of  the  valley,  there  is  a  ledge  with  a  dip  of  80®  to  85°, 
instead  of  25°  or  80  .  Its  little  extent  shows  that  it  is  one  of 
the  local  exceptions.  And  this  is  made  more  manifest,  and  its 
existence  partly  explained,  by  the  fact  that  in  the  same  trans- 
verse line  across  the  flat  valley,  and  just  beyond  its  middle, 
there  is  a  hill  of  schist  whose  beds  dip  60°  to  the  westward, 
instead  of  the  usual  25°  or  less.  The  scoist  in  the  mountains 
forming  the  sides  of  the  valley  has  little  variation  in  dip  for 
several  miles. 

The  reason  for  these  irr^ularities  is  to  be  found  in  the 
inflexibility  of  uncrystalline  limestone  as  compared  with  other 
uncrystalline  rocks  (shales  and  sandstones)  and  its  tendency, 
therrfore,  to  break  and  become  irregularly  shoved  up  under 
uplifting  or  flexing  action.  Moreover,  the  limestone  areas 
appear  generally  to  be  regions  of  anticlinals,  and  the  schist 
areas  those  of  synclinals ;  and  the  former,  whatever  the  rock, 
are  usually  the  places  of  greatest  surface  fractures,  and  the 
latter,  of  least  in  the  synclinal,  the  limestone  beds  are  kept 
in  {)lace  beneath  the  overlying  strata ;  and  therefore,  the  irreg- 
ularities in  the  limestone  should  not  appear  close  to  the  schist. 

In  such  a  region  of  extensive  upturning  and  mountain-mak- 
ing as  that  of  the  Grreen  Mountains  there  must  be  many  lines 
of  great  fractures  and  faults.  Yet  the  only  case  of  non-con- 
formity in  dip  adjoining  a  ridge  of  schist  which  I  have  observed 
occurs  near  the  middle  of  the  limestone  r^on  within  half  a 
mile  east  of  Great  Barrington  village  at  the  foot  of  the  section 
represented  in  fig.  12.  The  limestone  dips  80°  to  85°  to  the 
westward ;  and  the  schist,  at  its  nearest  outcrop — 10  yards — 
dips  50°  to  60°  to  the  eastward,  the  strike  being  N.  10°  R 
The  schist  is  mostly  a  thick-bedded  gneiss ;  and  its  antique 
look  and  massiveness,  with  its  contorted  texture,  led  me,  in 
view  of  the  non-conformity  of  dip,  to  suspect  actual  uncon- 
formability,  and  also  diflerence  in  age  and  system  of  uplift 
But  this  idea  was  soon  set  aside  by  the  discovery  that  the  top  of 
the  ridge  was  made  partly  of  quartzyte,  like  that  of  Monument 
Mountain  three  miles  north,  and  by  other  facts  showing  that 
both  the  schist  and  quartzyte  were  part  of  the  limestone  series. 

The  facts  here  brought  forward  fully  establish  the  conclusion 
that  the  limestone,  quartzyte,  and  schists  under  consideration 
have  the  same  stratigraphical  relations  in  Berkshire  that  they 
have  in  Vermont  They  therefore  sustain  the  view  that  these 
formations  constitute  together  a  conformable  series ;  and,  also, 
that  the  area  they  cover  is  geologically  ona 

[To  be  continued.] 
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Art.  Vn. — On  certain  new  and  powerful  means  of  rendering 
visible  Hie  Latent  Photographic  Image ;  by  M.  Carey  Lea. 

The  development  of  the  latent  or  invisible  photographic 
image  produced  by  the  action  of  light  is  beyond  all  question 
the  most  remarkable  and  the  most  mteresting  fact  with  which 
photo-chemistry  has  made  us  acquainted.  Our  knowledge, 
nowever,  of  the  substances  capable  of  exhibiting  this  power, 
has  increased  with  singular  slowness.  It  commenced  with  the 
discovery,  by  the  late  Rev.  Mr.  J.  B.  Beade,  in  the  year  1836, 
of  the  existence  of  this  power  in  gallic  add,  and  not  long  affcer 
pyrogaUol  was  found  to  possess  the  same  property  in  a  more 
energetic  degree.  Mr.  Robert  Hunt  discovered  that  ferrous 
sulphate  acted  somewhat  more  powerfully  than  pyrogallol, 
provided  that  a  soluble  salt  of  silver  was  present.  This  was 
more  than  twenty  years  ago.  Since  then,  no  useful  addition 
has  been  made  to  this  list  of  so-called  "developers,"  though 
several  of  simply  scientific  interest  I  was  enabled  to  add  to 
it  hcematoxyline  about  ten  years  since.  Morphia  has  been 
found  to  have  limited  developing  powera  When  pvrogallol 
or  gallic  acid  was  employed  in  the  aosence  of  a  soluble  salt  of 
sijver,  it  was  found  that  the  activitv  of  these  bodies  could  be 
greatly  increased  by  the  presence  of  an  alkali  (alkaline  develop- 
ment), for  which  purpose  ammonium  carbonate  has  been  gener- 
ally employed.  It  has  been  recently  aflSrmed  that  in  the 
ammonia  -  pyrogallol  process,  pvrogallol  could  be  replaced 
(though  with  less  energetic  action,  and  therefore  not  advan- 
tageously) by  a  decoction  of  coffee  berries,  probably  by  reason 
of  the  quinic  and  caffetannic  acids  contained;  and  possibly 
by  one  or  two  other  substances.  This  I  believe  represents  the 
information  acquired  up  to  the  present  time. 

In  the  following  investigation  I  propose  to  show : 

1.  That  the  number  of  bodies  endowed  with  the  power  of 
developing  the  latent  image,  so  far  from  being  very  limited,  as 
hitherto  supposed,  is,  on  the  contrary,  very  large. 

2.  That  contrary  to  what  has  been  generally  held,  potash 
acts  more  powerfully  in  aiding  development  than  ammonia ; 
that  there  exist  substances  which  develop  with  more  or  less 
energy  in  the  presence  of  potash  (e.  g.,  mannite),  but  which 
have  no  such  power  in  the  presence  of  ammonia,*  or  alone. 

3.  It  has  been  generally  thought  that  the  most  energetic 
form  of  development,  when  no  soluble  salt  of  silver  is  present, 
is  that  which  depends  on  the  use  of  free  alkali.  I  propose  to 
show  that  there  exists  a  form  of  development  which  under 

*  Unless  possibly  after  greatiy  prolonged  exposure. 
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appropriate  conditions  is  more  powerful  than  any  yet  known, 
in  which  there  is  no  free  alkali  present 

4.  It  has  been  held  that  ferrous  salts  act  only  in  the  presence 
of  a  soluble  salt  of  silver,  and  scarcely  attack  the  silver  haloid 
in  the  film,  to  produce  an  image  in  the  absence  of  silver  nitrate 
or  other  soluble  silver  salt    This  also  I  think  can  be  disproved. 

As  the  development  of  the  latent  image  depends  (in  the  class 
of  cases  which  1  shall  here  consider,^  upon  a  reduction  of  the 

Eortions  of  the  sensitive  substance  which  have  been  acted  upon 
y  light,  it  is  evident  that  it  is  amongst  reducing  agents  that 
we  must  look  for  bodies  possessing  this  power.  But  here  we 
are  at  once  met  by  the  fact  that  it  is  not  the  reducing  power 
alone  that  is  involved.  We  find  that  many  substances  which 
reduce  silver  salts  energetically,  have  no  power  to  evoke  the 
latent  image,  and  also  that  the  developing  power,  where  it  exists, 
stands  in  no  sort  of  relation  to  the  energy  of  the  reducing  power. 
It  is  an  elective  power  that  is  required,  a  tendency  to  reduce,  not 
the  whole  surface,  but  only  those  parts  that  have  been  acted 
upon  by  light,  and  to  spare  the  others.  For  example,  it  is  easy 
to  prepare  alkaline  solutions  of  ferrous  salts,  by  having  present 
a  suflScient  quantity  of  neutral  potassium  tartrate.  But  such 
solutions,  applied  to  a  sensitive  surface  that  has  received  suffi- 
cient exposure  under  a  negative,  or  in  the  camera,  for  ordinary 
development,  seem  to  attack  equally  those  parts  that  have  been 
acted  upon  by  light  and  those  that  have  not.  So  that  the  sen- 
sitive surface  darkens  uniformly  without  showing  the  vestige 
of  an  image.     Other  similar  cases  will  appear  farther  on. 

In  the  following  series  of  investigations  a  pure  photographic 
paper  was  selected  as  the  material  for  containing  the  sensitive 
substances.  In  the  selection  of  the  sensitive  material  itself, 
the  object  was  to  obtain  the  most  highly  sensitive  possible. 
Silver  iodide  and  bromide  together  are  more  sensitive  to  light 
than  either  separately,  but  also  are  more  subject  to  irr^ular 
reduction.  The  best  means  of  removing  this  difficulty  with- 
out impairing  the  sensitiveness,  I  found  to  be  the  addition  of 
silver  chloride,  which  previous  investigations  had  shown  me 
to  possess  this  power  in  a  very  remarkable  way.  Accordingly 
the  present  investigation  was  conducted  upon  surfaces  contain- 
ing these  three  substances  together.  Tne  proportions  used 
were  those  resulting  from  a  solution  containing  eight  grains 
potassium  bromide,  two  of  potassium  iodide,  and  one  and  a  third 
ammonium  chloride,  to  the  ounce.  This  proportion  was  that 
which  gave  the  best  results  and  was  maintained  in  the  experi- 
ments throughout.  Facility  of  development  is  always  increased 
by  the  presence  in  the  sensitive  film  of  some  suitable  organic 
substance.  In  these  investigations  a  decoction  of  cocculus  indi- 
cue  was  employed  :  this  was  applied  together  with  the  haloids, 
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first;  after  drying,  the  silver  solution.  Finally  the  sheets 
were  very  thoroughly  washed  out,  to  remove  every  trace  of 
excess  of  silver  nitrate  and  of  all  other  soluble  matter.  To 
this  careful  washing  much  importance  attaches.  If  any  coc- 
culus  were  left  in  the  paper,  it  might,  by  dissolving  out  in  the' 
developing  solution,  confuse  the  result,  inasmuch  as  cocculus 
with  potash  exhibits  some  developing  powers.  Every  trace  of 
it  was  therefore  removed  by  the  most  careful  washing,  and  as 
an  additional  precaution,  the  most  important  results  were  re- 
peated on  paper  prepared  with  haloids  only,  in  order  to  control 
the  conclusions  with  exactness. 

Eesults. — A.  Sugars, 

Several  sugars  when  heated  with  dilute  aqueous  solution  of 
potash  exhibit  power  of  development  Glucose  and  cane  sugar 
very  slightly.  Afilk  sugar  produces  a  light  metallic  looking 
image  on  a  dark  ground.  Glycocine  was  without  effect.  Manna 
acts  very  powerfully,  producing  an  image  perhaps  as  bold  and 
strong  as  any  substance  hitherto  known.  The  contrast  between 
this  strong  action  of  mannite  and  the  very  weak  action  or  entire 
inactivity  of  the  other  sugars  named  seemed  very  singular. 
It  was  thought  that  it  might  possibly  arise  from  "the  fact  of 
mannite  not  being  a  carbohydrate  like  the  others  mentioned 
but  containing  more  hydrogen  than  sufficient  to  convert  the 
oxygen  into  water.  Therefore  another  sugar  of  the  same  class, 
quercii€j  was  tried,  but  was  found  to  possess  no  developing 
power  whatever.  The  remarkably  energetic  action  of  mannite 
remains  therefore  without  explanation.  This  substance  and 
milk  sugar,  offer  a  good  illustration  of  what  has  just  been  said 
of  developing  power  being  not  necessarily  proportional  to 
reducing  power.  Milk  sugar  in  conjunction  with  potash  ener- 
getically reduces  the  silver  haloids,  but  shows  little  developing 
power,  while  the  converse  is  the  case  with  mannite. 

The  image  produced  by  mannite  is  of  a  redder  shade  than 
that  resulting  from  ariy  other  developing  agent. 

B.  Glucosides. 
JDaphnin  gave  a  moderately  strong  image;  its  derivative, 
Daphnetin,  a  bolder  and  fuller.  PhLoridzIn  and  glycyrrhxzin 
gave  no  images.  So-called  flavin  gave  no  image  when  simply 
heated  witb  potash,  but  when  boiled  with  potash  and  zmc 
turnings  gave  a  moderately  strong  one,  doubtless  by  the  con- 
version of  quercetin  into  quercitrin, '  Accordingly  an  infusion  of 
while  oak  hark  was  found  to  give  a  good  imaga  Solanin  gave 
a  moderately  strong  image,  as  also  did  thujine,  Colocynthine 
(decoction  of  colocynth  was  used)  gave  little  or  no  result. 
JEsculin^  a  fair  image.  In  all  cases  the  substance  was  heated 
with  dilute  aqueous  potash  before  use. 
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C.  Adds, 
Of  a  number  of  organic  acids  tried  with  excess  of  potash, 
one  only,  cevadic  acid^  exhibited  tolerable  developing  power. 
Phenol,  and  glyceric,  and  gentiantc  acids  powerfully  reduced  the 
silver  haloids,  but  vtith  little  or  none  of  the  elective  power 
necessary  to  produce  an  image.  One,  oleic^  produced  an  image 
lighter  than  the  ground.  Santonic,  sinapic,  gummicj  malic^  and 
hippuric  acids  produced  either  faint  traces  ot  an  image  or  none 
at  all.  Vanadous  acid  (potassium  vanadite  with  excess  of 
potash)  failed  to  exhibit  any  developing  power. 

D.  Resins. 

Resinous  substances  for  the  most  part  dissolve  easily  in  dilute 
aqueous  potash,  and  exhibit  more  or  less  developing  power. 
Foremost  among  them  is  gxmiacum  which  gives  a  very  vigorous 
image,  not  far  short  of  what  may  be  obtained  with  pyrogalloL 
Balsam  oftolu  and  ordinary  resin  both  have  moderate  develop- 
ing power.  Resin  scarcely  attacks  the  parts  that  have  not  been 
acted  upon  by  light,  whereas  tolu  does  so.  Resin  of  podophyl- 
lin  gives  a  strong  image. 

E.  Essential.  Oils. 

When  oil  of  cloves  is  boiled  for  a  few  moments  with  dilute 
aqueous  potash,  and  the  mixture  is  then  much  diluted  with 
water,  it  acts  slowly  on  the  image,  but  as  the  action  is  sustained 
and  clear,  there  results  at  the  end  of  about  an  hour,  a  vig- 
orous and  very  clear  image.  Oil  of  Roman  chamomile  acts 
somewhat  similarly,  but  more  feebly.  Oil  of  peppermint  produces 
an  image  of  a  gold  color,  and  at  the  same  time  darkens  the  parts 
not  acted  upon  by  light,  thus  producing  an  image  on  a  darker 
ground.  Something  similar  has  been  already  mentioned  in  the 
case  of  oleic  acid.  In  these  cases,  where  the  light  acts,  the  de- 
veloping agent  seems  to  reduce  metallic  silver,  elsewhere,  a  dark 
basic  salt,  perhaps  with  organic  matter  in  combination,  is  forme^. 

F.  Bases. 

Daturin  (atropin  ?)  gives  a  weak  image.  Codein^  none.  As 
a  general  thing  the  organic  bases  exhibit  little  tendency  to  evoke 
the  latent  image. 

G.  PyrogaUol. 

In  the  course  of  this  investigation,  some  interesting  and  new 
observations  were  made  in  connection  with  this  well  known 
agent,  that  deserve  mention  here. 

PyrogaUol  is  well  known  to  have,  when  employed  by  itself, 
considerable  developing  power,  which  however,  is  greatly  in- 
creased by  the  presence  of  caustic  or  carbonated  alkalies.  It 
appears  that  these  alkalies  can  be  replaced  with  sodium  meta,- 
phosphate^  with  about  equal  resulta    W  ith  sodium  hypophosphite^ 
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the  effect  is  fair  but  inferior.  But  with  potassium  formate^  a 
more  energetic  result  is  obtained  than  by  any  other  method  of 
using  pyrogallol :  a  stronger  development  than  by  any  of  the 
methods  now  in  use. 

H.  Varioics, 

Trials  were  made  with  a  considerable  number  of  substances 
of  vegetable  origin  whose  constitution  or  properties  seemed  to 
indicate  that  they  might  exhibit  power  of  development.  In  all 
cases  they  were  boiled  a  few  moments  with  dilute  aqueous 
potash,  as  it  was  found  that  in  that  way  their  characteristic 
actions  were  most  fully  brought  out  Aloes^  iiva  ursi  leaves, 
areca  nnts,  the  bark  of  the  berbtrin  tree,  morus  tinctoria,  exhib- 
ited very  considerable  developing  power.  Qratiola,  ipecacuanha, 
pimento  nuts,  well  marked  power,  but  less  than  the  foregoing. 
A  decoction  of  Iceland  moss  exhibited  the  properties  already 
described  in  the  case  of  oleic  acid  and  essential  oil  of  pepper- 
mint. Many  other  substances  were  examined,  and  showed 
either  faint  traces  only  or  absence  of  power,  e.  g.,  Ulmus,  cartha- 
rius,  rutin,  bryony,  siavesao^e,  colchicum,  turmeric,  nux  vomica,  caffe- 
in,  berberin,  etc. 

Acetone,  in  conjunction  with  aqueous  potash,  is  a  powerful 
developer  and  gives  a  bold  and  vigorous  image. 

Aldehyde,  with  potash,  gives  no  image,  a  result  that  seems 
somewhat  remarkable. 

L  Cuprous  oxide  dissolved  in  Ammonia, 
A  colorless  solution  of  cuprous  oxide  in  ammonia  develops 
a  strong  image,  and  is  interesting  as  being  one  of  the  very  few 
entirely  inorganic  developers  discoverable.  As  might  be  ex- 
pected, its  action  is  heightened  by  the  presence  of  many  organic 
matters. 

When  to  a  solution  of  cuprous  oxide  in  ammonia,  ybrmic  acid 
is  added  in  quantity  not  quite  suflScient  to  neutralize  the  bases, 
and  this  solution  is  applied  to  the  latent  image,  a  powerful 
development  is  obtained,  resulting  in  a  pure  black  image. 
Lactic  acid  exhibits  a  similar  reaction,  but  less  perfectly,  and 
no  doubt  a  large  number  of  other  organic  acids  share  the  same 
properties. 

Various  substances  that  develop  in  presence  of  potash, 
especially  gum  guaiacum,  galhtannic  acid  and  manna,  heighten 
the  action  of  the  cupro-ammonia  solution.  Others  do  not,  of 
which  picrotoxin  {cocculus  indicus)  is  an  exampla  Of  all  the 
substances  named,  guaiacum  appeared  to  have  the  most  power, 
and  next  to  it,  perhaps  formic  acid. 

J.  JFerrous  Salts. 
The  salts  of  ferrous  oxide  have  proved  to  be  the  most  inter- 
esting and  remarkable  of  all  the  bodies  examined,  in  their 
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action  on  the  image.  When  a  salt  of  silver  is  present  in  solu- 
tion, to  suffer  reduction  and  to  furnish  silver  for  building  up 
the  image  to  be  developed,  as  in  the  case  of  the  so-called  "  wet 
process,  ferrous  sulphate  is  the  most  powerful  developing 
agent  known,  and  is  accordingly,  always  employed.  But  in 
the  absence  of  silver  in  actual  solution  it  is  powerless.  It  is 
in  connection  with  such  sensitive  surfaces  (i.  e.,  those  from 
which  silver  nitrate  or  other  soluble  silver  salt  has  been 
removed  by  washing),  that  the  present  investigation  is  made, 
and  I  have  verified  this  fact,  already  established,  very  carefully. 
A  surface  of  sensitive  paper,  from  which  all  silver  compounds 
have  been  removed,  may,  after  receiving  a  latent  image,  be 
left  long  in  contact  with  ferrous  sulphate  without  an  image 
being  developed. 

Desirous  of  finding  a  means  of  applying  ferrous  salts  to  these 
developments,  my  first  efforts  were  directed  to  the  formation 
of  alkaline  solutions  containing  ferrous  oxide  in  solution,  but 
they  did  not  appear  to  possess  any  power  of  development  I 
then  tried  ferrous  oxide  in  combination  with  organic  acids,  and 
here  at  once  most  interesting  results  followed.  Several  organic 
salts  furnished  beautiful  developments,  among  which  may  be 
especially  mentioned  ferrous  succinate^  lactate  and  sah'cylate. 
The  succinate  is  best  used  by  forming  a  slightly  acid  solution 
of  ammonium  succinate,  and  adding  to  it  a  solution  of  ferrous 
sulphate  in  quantity  not  quite  suflScient  to  form  a  precipitate 
Many  other  ferrous  salts,  among  which  may  be  mentioned 
citrate^  formate  and  tartrate^  give  images,  but  much  inferior  to 
those  fiJready  mentioned.  The  succinate  and  lactate  develop 
so  well  that  they  might  pass  into  use,  were  thev  not,  as  well  as 
all  other  developing  agents,  so  much  exceedecf  by  the  oxalata 

Ferrous  oxalate^  when  applied  to  paper  sensitized  in  the 
manner  already  described,  exhibits  developing  powers  of  a 
very  remarkable  kind.  A  piece  of  sensitized  paper  exposed 
for  a  very  brief  period  to  diffuse  light  under  a  negative,  and 
then  cut  into  two  pieces  and  tried,  the  one  with  this  develop- 
ment, the  other  with  the  ordinary  alkaline  pyrogallic  develop- 
ment, exhibits  the  following  differences : 

The  same  exposure  which  with  the  alkaline  pyrogallol  gives 
a  weak  and  sunk-in  image  after  a  protracted  development, 
gives  with  ferrous  oxalate  a  bright,  bold  image,  and  this  in  a 
much  less  time.  The  development  is  particularly  clear  and 
clean.  The  unexposed  parts  are  not  attacked  :  the  developer 
possesses  a  great  deal  of  that  elective  power  previously  spoken 
of,  which  causes  it  to  react  strongly  on  those  parts  which  have 
received  the  influence  of  light,  and  spare  those  which  have  not 

Ferrous  oxalate  is  easily  obtained  by  adding  a  strong  warm 
solution  of  oxalic  acid  to  one  of  ferrous  sulphate.     A  bright 
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jellow  precipitate  falls,  which  continues  to  increase  for  some 
time,  and  which  may  easily  be  washed  by  decantation.  The 
method  of  employing  it  is  by  dissolving  it  in  an  aqueous  solution 
of  neutral  potassic  oxalate.  The  latter  substance  is  to  be  dis- 
solved in  about  three  times  its  weight  of  hot  water,  and  the  pre- 
cipitated and  washed  ferrous  oxalate  is  dissolved  in  it  to  satura- 
tion. A  deep  red  solution  is  obtained,  which  for  use  needs  only 
to  be  diluted  with  from  five  or  six  up  to  twenty  or  thirty  times 
its  bulk  of  water,  according  to  the  energy  of  effect  desired. 

An  active  solution  of  ferrous  oxalate  may  be  obtained  by 
simply  adding  a  solution  of  ferrous  sulphate  to  one  of  neutral 
potassic  oxalate,  in  quantity  just  sufficient  to  avoid  forming  a 
permanent  precipitate.  But  the  first  described  method  gives 
the  best  results. 

Philadelphia,  Maj  8, 1877. 


Abt.  VITI. — On  tlie  possibility  of  Transit   Observation   without 
Personal  Error ;  by  S.  P.  Langley. 

Thb  different  modes  of  dealing  with  personal  equation  may 
be  divided  into  two  broad  classes :  (1)  those  which  attempt  to 
diminish  or  eliminate  it  during  the  act  of  observation,  (2)  tnose 
which  aim  to  find  its  amount,  and  to  apply  a  subsequent  cor- 
rection. Redier,  Braun,  A  S.  Herschel,  Wheatstone  and  manv 
others,  have  proposed  devices  falling  in  the  first  category  ;  all 
of  which  involve  the  use  of  a  movaole  reticule,  which,  theoret- 
ically, should  travel  at  the  same  apparent  rate  as  the  star. 
The  mechanical  difficulties  of  doing  this  accurately  (considering 
that  every  star  has  a  different  apparent  rate)  are  extreme,  and 
they  almost  necessarily  involve  the  use  of  delicate  apparatus 
forming  a  part  of  the  telescope.  These  difficulties  have  never 
been  overcome, — scarcely  attacked,  and  were  thev  vanquished, 
others  would  remain.  This  method  then,  though  perhaps  still 
susceptible  of  success  with  skillful  treatment,  has  not  yet  proved 
of  any  practical  utility.  A  very  different  proposition,  originally 
due  I  tnink  to  M.  Faye,  and  made  as  long  since  as  1858,  is 
that  for  the  use  of  photography  in  transits.  This  evidently,  if 
practicable,  does  away  with  personal  error,  and  if  the  exposure 
oe  reduced  to  a  very  brief  time — ^let  us  say  to  0"*01 — it  is  clear 
that  the  motion  of  the  star  is  immaterial,  for  we  have  its  posi- 
•tion  photographed  relatively  to  the  wires,  as  it  was  at  a  given 
instant  This  method  has  been  little  used,  except  for  the  sun, 
owing  to  defective  light,  but  though  not  yet  practicable  save 
in  limited  cases,  it  is  perhaps  not  too  much  to  say  that  it  will 
probably  be  the  method  of  the  future. 
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Under  the  second  class  come  the  ordinary  procedures  for  the 
determination  of  relative  error,  or  the  personal  equation  between 
two  observers;  such  as  their  interchange  of  stations,  or  their 
observing  the  same  stars  with  adjacent  instruments,  or  with  the 
same  instrument  jointly,  etc.  These  comparisons  are  liable  to 
error  themselves,  are  commonly  tedious,  and  often  compel  long 
journeys.  When  successful,  they  give,  not  the  absolute  error, 
but  the  error  as  compared  with  another  error,  itself  subject  to 
an  unknown  variation.  Unsatisfactory  as  all  this  is,  however, 
such  methods  are  in  common  use,  and  will  remain  common  till 
better  are  provided.  An  eflfort  in  this  direction  has  stimulated 
the  invention  of  a  great  number  of  devices  to  enable  the  ob- 
server to  determine  his  equation  by  comparison  with  the  transit 
of  an  artificial  star,  itself,  self-recording.  This  suggestion  (said 
to  have  been  first  made  by  Prazmowski  in  1864),  nas  been  the 
parent  of  many  attempts,  among  which  those  of  M.M.  Hirsch 
and  Plantamoiir,  and  that  of  M.  Wolf  of  the  Paris  Observatory, 
particularly  deserve  attention ;  and  of  subsequent  ones  too 
numerous  for  description,  though  the  apparatus  of  Professor 
Eastman,  U.  S.  N.,  and  of  Professor  Rogers  of  Harvard  C!ollege 
Observatory,  may  be  cited  as  favorable  examples.  It  may  be 
observed  that  the  use  of  such  apparatus,  however  ingenious, 
can  only  detennine  the  peraonal  error  then  and  there,  and  can 
give  no  guarantee  against  its  variability,  which  is,  after  all,  the 
most  formidable  difficulty.  Were  this  a  history  of  devices  for 
correcting  or  eliminating  personal  equation,  a  volume  might 
be  easily  filled  with  an  account  of  proposals  coming  under  one 
or  the  other  of  these  two  heads,  for  the  literature  of  the  subject 
is  fuller  than  most  are  aware. 

To  propose  to  offer  anything  new  at  this  day  on  such  a  sub- 
ject may  seem  to  be  hardy.  I  venture  however  to  ask  attention 
to  a  method  for  eliminating  the  equation  on  the  star  itself, 
which  has  worked  well  on  trial. 

Before  stating  it,  let  us  observe  that  we  restrict  the  words 
"  personal  equation"  here,  to  the  correction  for  the  error  com- 
mitted by  the  observer  in  noting  the  time  of  transit  of  a  star 
owing  to  the  motion  of  the  latter,  and  that  for  brevity  we  leave 
untouched  the  effect  of  certain  minute  irregularities  familiar  to 
the  observer,  such  as  the  actual  inequality  of  wire  intervals 
which  should  be  equal,  or  the  apparent  irregularity  in  the 
motion  of  the  star  due  to  atmospheric  tremor.  A  particular 
interest  in  the  subject  has  long  led  me  with  others,  to  try  to 
remove  the  error  from  the  observation,  in  the  act  of  observation 
itself.  One  mode  which  presented  itself  many  years  since,  and 
which  has  been  tried  in  numerous  subsequent  plans  I  have 
made,  was  to  view  the  star  only  for  a  brief  time  through  a 
narrow  linear  aperture  in  a  moving  screen,  thus  exhibiting  its 
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position  in  the  field  for  a  moment  only,  though  the  use  of  a 
flash  of  light  which  for  an  instant  illuminates  the  wires  has 
seemed  better.  In  any  case  the  essential  idea  was  to  treat  the 
eye  as  it  has  been  proposed  to  use  the  photographic  plate,  and 
to  impress  upon  it  by  instantaneous  vision  an  image  of  the 
position  of  the  star  independent  of  personal  error  (in  one  sense,) 
since  the  star  was  to  have  sensibly  no  time  to  move,  while  the 
view  lasted,  while  yet  the  effect  then  seen  would  remain  (owin^  U> 
persistence  of  vision,)  quite  long  enough  for  cognizance.  After 
a  great  number  of  forms  of  the  movable  screen  were  considered, 
they  were  set  aside  for  the  flash  of  light  from  the  electric  spark. 

To  make  the  present  plan  plain,  let  us  recur  to  the  use  of 
photography  as  an  illustration,  and  first  suppose  that  the  transit 
wires  are  twenty-five  in  number  and  so  near  that  a  star  occupies 
one  second  in  passing  from  one  to  another.  In  the  place  of  a 
transit  lamp,  let  a  wire,  attached  to  a  I'epeater  in  the  clock 
circuit,  dip  in  a  mercury  cup,  and  the  circuit  being  broken 
every  second  by  the  clock,  recording  simultaneously  on  the 
chronograph;  the  otherwise  dark  field  will  be  illuminated  by  a 
brilliant  instantaneous  flash,  by  whose  light  the  wires  are 
projected  with  the  crossing  star  on  the  sensitive  plate  of  the 
camera.  If  this  plate  be  renewed  or  moved  downward  at  each 
flash,  we  obtain  twenty-four  successive  pictures  while  the  star 
is  crossing,  each  showing  it  at  the  extremity  of  its  luminous 
traces  in  precisely  the  same  relation  to  the  adjacent  wires,  since 
the  wire  interval  in  time,  and  the  flash  interval,  are  identical. 
If  then  the  star  is  caught  by  the  first  flash,  one-third  of  the 
way  from  the  first  to  the  second  wire,  it  will  be  exhibited  by 
the  next  flash  one-third  the  way  from  the  second  to  the  third, 
and  so  on.  Any  one  of  these  photographic  pictures  would  on 
being  measured,  and  compared  with  the  chix)nographic  record 
give  the  time  of  transit  free  of  personal  error,  but  tliis  method, 
applicable  if  at  all,  at  present,  only  to  the  brighter  stars,  is  here 
used  only  in  illustration.  Even  were  it  practicable  we  do  not 
always  have  a  photographer  or  photographic  material  at  com- 
mand, but  we  have  the  eye  at  all  times,  and  I  hope  to  show  how 
we  may  obtain  from  it,  results  of  the  same  order  of  accuracy  as 
those  we  could  expect  from  the  photograph,  and  equally  exempt 
from  personal  error,  in  the  sense  in  which  we  have  defined  it. 

First  as  to  the  difficulties  to  overcome.  In  the  case  of  the 
photograph,  there  is  an  opportunity  for  subsequently  measuring 
the  distance  of  the  star  from  the  wire,  which  we  have  not  with 
the  eye.  There  is  one  particular  case  however,  where  the 
result  is  the  same  for  both,  that,  namely,  when  the  flash  comes, 
the  star  is  on  the  wire  and  bisected  by  it ;  in  this  case  we  know 
its  position  as  accurately  by  the  eye,  as  if  we  bisected  its  image 
on  the  plate  by  the  wire  of  our  measuring  micrometer,  with 
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the  same  magnifying  power.  K  we  suppose,  then,  that  the  star 
observed  was  in  the  equator,  and  that,  by  a  happy  accident,  the 
first  flash  came  just  as  it  was  crossing  the  first  wire,  this  wire 
would  be  sharply  defined  on  the  disc  of  the  star  and  bisecting 
it,  and  the  simultaneous  record  on  the  chronograph  (made  with- 
out any  intervention  of  the  observer)  would  evidently  give  us 
the  same  result  as  though  the  star  had  electrically  recorded  its 
own  passaga  Further,  we  may  particularly  notice  that  it  is 
immaterial  whether  the  star  was  at  rest,  when  thus  seen,  or  in 
motion.  Now  what  we  have  just  supposed  as  the  single  case 
of  a  favorable  chance  among  hundreds  for  an  equatorial  star; 
with  wire  intervals  of  one  second,  it  will  be  our  task  to  make 
occur,  whatever  the  wire  interval,  and  for  any  star  observed ; 
and  that  our  invention  may  be  of  practical  utility,  to  find  ap- 
paratus, whose  use  requires  no  unreasonable  demand  on  the  ob- 
server's time  or  skill,  and  which  is  simple  and  portable.  After 
numerous  failures,  the  following  apparatus  was  devised  a  year 
since,  but  it  has  only  been  constructed  and  put  to  trial  with 

fromising  success  at  this  Observatory  within  the  last  month, 
n  the  described  form  it  is  especially  intended  for  longitude 
work,  where  it  is  necessary  to  determine  the  clock  error  from 
time  stars  (whose  declination  does  not  exceed  60^),  and  most 
desirable  that  the  results  shall  be  independent  of  that  personal 
error  in  the  observer,  which  presents  itself  on  this  class  from 
the  starts  rapid  motion. 

On  the  transit  pier  (or  in  any  other  convenient  locality)  is  a 
small  clock,  with  a  conical  pendulum,  whose  bob  slides  freely 
up  and  down  the  graduated  rod,  retaining  its  position  where 
left.  A  small  horizontal  wheel  in  the  clock  is  controlled  by 
the  pendulum,  and  turns  once  for  a  certain  constant  number  of 
its  revolutions.  'This  wheel  revolves  once  for  each  equatorial 
interval  of  the  transit  wires,  when  the  bob  is  set  at  a  mark  near 
the  top  of  the  rod,  and  by  sliding  the  bob  sufficiently  down- 
ward ;  with  the  use  of  a  readily-constructed  table,  we  can,  given 
the  declination  of  any  star  between  the  limits  C^and  dt  60°,  set 
the  pendulum,  so  that  this  wheel  shall  make  exactly  one  revo- 
lution while  the  star  passes  from  wire  to  wire.  This  wheel  car- 
ries near  its  periphery  a  mercury  drop  or  other  contact  piece, 
which  once  in  a  revolution  is  carried  past  a  point  fixed  near 
the  periphery  of  a  stationary  horizontal  wheel,  concentric  with 
the  nrst,  and  immediately  above  it,  but  insulated  and  entirely 
detached  from  it  This  upper  wheel,  while  thus  related  to  the 
lower,  is  entirely  disconnected  from  the  machinery  of  the  clock, 
and  is  thus  far  stationary,  but  it  can  be  revolved  by  cords 
passing  from  a  groove  in  its  circumference  to  the  hand  of  the 
observer  at  the  transit.  As  the  upper,  or  ordinarily  fixed,  and 
the  lower  or  constantly  moving,  wheel  have,  a  common  vertical 
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axis  of  revolution,  and  as  the  radial  distance  of  the  point  in  the 
upper  from  this  axis  is  the  same  as  that  of  the  contact  piece 
on  the  lower,  it  will  be  seen  while  the  upper  wheel  remains 
motionless,  electric  contact  accompanied  by  a  simultaneous 
flash,  if  we  desire  it,  at  the  transit  lantern  or  elsewhere,  will  be 
made  at  equal  and  uniformly  recurrent  epochs,  the  interval 
between  which  depends  only  on  the  adjustment  of  the  pendu- 
lum. If  the  upper  wheel  be  rotated  forward  by  band,  through 
a  small  distance,  and  then  left,  the  next  contact  will  still  occur, 
but  at  a  later  epoch,  owing  to  the  lower  wheel's  having  to  com- 
plete more  than  one  revolution  to  make  contact,  but  after  this  the 
contact  and  simultaneous  flash  will  recur  at  the  same  intervals, 
and  with  the  same  r^ularity  as  before.  If  the  upper  wheel  be 
moved  backward,  the  flash  will  occur  once,  earlier,  and  there- 
after with  regularity.  Moving  the  upper  wheel,  then,  changes 
the  epoch  from  wnich  any  series  of  such  flashes  dates  and 
adjusting  the  pendulum  bob,  fixes  the  interval  between  subse- 
quent flashes.  In  practice  the  lamp  is  removed  from  the  transit 
lantern,  and  the  two  terminals  of  a  battery  or  induction  coil  in 
its  place,  cause  the  flash  to  be  thrown  upon  the  wires,  whenever 
the  mercury  drop  is  in  contact  with  the  point,  and  at  the  same 
instant  a  mark  is  made  automatically  on  the  chronograph  and 
interpolated  in  the  regular  record  of  the  beats  of  the  sidereal 
clock,  whicih  go  on  in  the  usual*  way  quite  independently  of 
any  reference  to  the  apparatus  just  described.  The  method  of 
connecting  the  wires  so  as  to  give  these  results,  will  so  readily 
suggest  itself  to  the  practiced  observer  that  we  need  not  occupy 
our  present  general  description  with  if.  I  here  speak  of  the 
instrument  in  actual  use,  wnere  the  contact  piece  makes  circuit, 
but  a  break  circuit  is  easily  substituted,  and  we  may  use  a 
Geisfiler  tube  in  place  of  the  spark. 

The  mode  of  observation  will  be  anticipated.  Before  the 
transit  of  any  star  the  observer  adjusts  the  conical  pendulum 
beside  him  (this  is  the  work  of  but  a  few  seconds),  and  then 
seats  himself  at  the  instrument  holding  the  cords  in  one  hand 
like  the  "reins"  of  an  equatorial.  It  a  flash  occur  just  as  a 
star  is  crossing  the  first  wire  (which  is  most  unlikely)  he  has 
nothing  to  do,  except  possibly  to  note  which  was  the  middle 
wire,  for  each  records  itself  on  the  chronograph  without  any 
intervention  of  his.  But  if  the  star  be,  for  instance,  two-thirds 
of  the  way  from  the  first  to  the  second  wire  at  the  first  flash, 
he  will  draw  one  of  the  cords,  accelerating  the  flash  and  thus 
causing  the  star  to  appear  nearly  coincident  with  the  second 
wire  when  the  next  spark  comes,  and  repeat  the  adjustment  by 
the  light  of  subsequent  flashes,  till  the  bisection  is  perfect. 
Three  or  four  trials  are  in  practice  found  to  yield  a  bisection 
which  will  satisfy  a  fastidious  eye,  and  when  a  satisfactory  one 
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has  been  once  made,  the  effect  is  automatically  repeated.  Of 
coui-se,  no  increase  in  number  of  the  wires,  under  these  circum- 
stances, adds  real  weight  to  that  from  the  first  satisfactory  bisec- 
tion, but,  with  the  usual  five  tallies  of  five  wires  each,  the  ob- 
server can  easily,  if  he  please,  obtain  five  independent  bisec- 
tions,* or  one  for  each  tally,  and  in  this  case  the  chronographic 
record  corresponding  to  the  last  wire  of  each  tally  is  assumed  to 
be  the  significant  one.  unless  the  contrary  is  recorded. 

Under  the  general  conception,  then,  of  the  possibility  of 
diminishing  to  any  limit  personal  error,  by  employing  brief 
views  of  the  star  or  wire  and  utilizing  the  phenomena  of  per- 
sistence of  vision,  the  particularly  described  device  assumes 
to  dispense  with  the  observer's  record  upon  the  chronograph 
altogether,  and  to  substitute  a  purely  automatic  one,  giving  the 
same  virtual  result  as  though  the  image  of  the  star  were  a  tan- 
gible object,  itself  making  electric  contact  with  each  wire.  The 
share  of  personality  in  any  observation,  is  relegated  to  the  prior 
act  of  bisecting  a  star,  virtually  motionless  with  relation  to  the 
bisecting  wire,  so  that  if  (as  seems  to  be  the  case)  this  act  is 
independent  of  quickness  or  slowness  of  perception,  of  the  time 
of  cognition,  or  of  the  speed  of  nerve  transmission  ;  personality 
in  the  technical  sense,  appears  not  to  intervene  at  all. 


Art.  IX. — Observations  of  Cornels  made  at  the  Litchfield  Observa- 
tory of  Hamilton  College;  by  C.  H.  F.  PETEBa 


1.   Comet  1877,  II  (Winnecke's) : 


\%nn. 

Mean  t.  H.  C. 

App.  AB. 

App.  Dec. 

M.o.ofComp. 

Apr.  6. 

16»» 

18™ 

56» 

22^ 

3m 

46-29» 

+  16** 

23'  12-7' 

10 

"  8. 

15 

39 

25 

22 

10 

23-76 

18 

46   6-0 

10 

"10. 

16 

25 

24 

22 

12 

13-71 

21 

22   7-2 

10 

"12. 

16 

30 

34 

22 

14 

18-84 

24 

10  11-6 

10 

"14. 

14 

54 

27 

22 

16 

8t;-48 

27 

7   9-8 

14 

"  2:i. 

14 

8 

32 

22 

32 

39-34 

43 

3  33-9 

10 

May  2. 

14 

0 

48 

23 

12 

23-07 

62 

26  281 

10 

^M2. 

13 

11 

17 

2 

50 

42-20 

79 

48  19-5 

8 

"13. 

12 

46 

23 

3 

38 

25-44 

80 

10  32-7 

8 

"14. 

9 

68 

62 

4 

21 

48-23 

80 

8  25-0 

8 

"29. 

12 

2 

6 

8 

41 

11-96 

+62 

21  31-6 

9 

*  I  regret  that  this  lengthy  descriptioii  maj  convey  an  hnpression  of  complexity 
as  to  a  really  very  simple  apparatus,  all  we  ask  of  which,  as  a  timekeeper,  is  that 
its  rate  shall  be  sensibly  constant  during  the  star's  brief  passage  through  the  field. 
It  consists  only  of  a  small  conical  pendulum  with  maintaining  power  and  tho  two 
contact  wheels  described.  Its  installation  consists  in  placing  it  in  a  level  position 
and  connecting  it  with  the  wires,  and  its  size  need  not  exceed  that  of  the  break- 
circuit  chronometer  box ;  it  may  indeed  for  field-work  be  conveniently  encased 
with  the  latter. 
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NoTKS. — This  comet  showed  always  a  fine  star-like  concentration 
of  light,  which  permitted  an  accurate  pointing,  so  that  the  obser- 
vations are  good.  The  tail  was  never  very  bright,  but  the  coma 
large.  Instead  of  forming  an  envelope,  as  there  seemed  to  be  a 
tendency  on  April  8,  the  denser  portion  of  the  coma  on  May  2 
appeared  to  consist  of  small  discrete  particles,  exactly  like  a 
star  cluster  or  nebula  just  at  the  point  of  being  dissolved. 

2.   Comet  1877,  111  (Swiffe-Borelly's) : 

No.  ofComp. 

6 
4 
8 
8 
10 
10 

The  comparison  star  for  May  3  is  D'm.  +^0*',854,  and  its  posi- 
tion 1877-0  approximately  a=i4^  61"  42«;  <y=H-60°31-2. 

The  observations  of  May  3,  4  and  6  were  made  bv  Professor  J. 
tt.  Porter  with  the  ring  micrometer  of  the  four-inch  Steinheil 
refractor.  All  the  other  observations  were  obtained  by  myself 
with  the  filar  micrometer  of  the  13^  inch  refractor,  using  a  power 
of  270,  and  illuminated  wires. 

Comet  III  had  always  a  more  or  less  blurred  aspect,  without 
distinct  nucleus,  rendenng  the  pointing  difficult. 

Clinton,  N.  T.,  June  1,  1877. 


1877. 

Meui  i.  H.  C. 

APP.AB. 

App.Ded. 

Mays. 

Ijh      Qm   23- 

^    —     26-80' 

.... 

"    3. 

10    66     31 

.... 

^     -2'  22-0' 

"    4. 

10       3       6 

5^     3"»  26-93 

+60^  2'  25-1 

"    5. 

10     10     38 

6     16     60-04 

69  30    24-7 

"12. 

10      6     41 

6    29     2669 

64     7    31-2 

"30. 

9    68       1 

8     13       1-60 

+36  46    34-3 

Abt.  X — On  Complex  Inorganic  Acids.  From  a  letter  of  Dr. 
WoLCOTT  Gibbs  to  one  of  the  Editors,  dated  Cambridge,  June 
14th,  1877. 

You  will  doubtless  remember  that  about  twelve  years  since 
Marignac  described  three  acids  which  he  obtained  by  boilinff 
silicic  hydrate,  Si(OH)^,  with  an  acid  alkaline  tungstate,  and 
which  he  called  respectively  silico-tungstic,  tungsto-silicic  and 
silico-deci-tungstic  acid.  The  two  first  mentioned  are  isomeric  or 
metameric,  and  are  represented  by  the  formulas : 

I2WO5,.  SiO,.  40H„  or  W,  ,0,4Si(0H)8, 
while  the  third  has  the  formula 

lOWO,  .  SiO,.  40H,  or  W,oO,«Si(OH)8. 
It  occurred  to  me  that  these  results  might  be  generalized  in 
various  ways,  and  1  have  in  fact  obtained  some  very  interesting 
new  series  of  acids  of  the  same  or  similar  types.  Platinic  hydrate 
Pt(OH)^  boiled  with  an  acid  sodic  tungstate  yields  two  isomeric 
or  metameric  sodium  salts  which  have  the  formula : 
lOWO,  .  PtO,  .  40Na,  +  26  aq. 
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One  of  these  gives  magnificent  olive-green  crystals;  the  other 
equally  fine  honey-yellow  prisms  with  a  very  strong  adamantine 
luster.  They  are  readily  soluble  in  water  and  give  flocky  or  sub- 
crystalline  precipitates  with  solutions  of  the  heavy  metals  and  of 
the  higher  alkaloids.  The  corresponding  potassium  and  ammonium 
salts  have  respectively  the  formulas : 

lOWO,  .  PtO,  .  40K,  +9  aq.  and  lOWO,  .  PtO, .  iOAm^  + 12  aq. 
but  both  belong  to  the  yellow  series.  I  have  not  yet  obtained 
the  12-atom  senes  corresponding  to  Marignac's  silico-tnngstates. 
The  platino-deci-tungstates  dissolve  tungstic  hydrate,  W(OH)g, 
on  boiling,  but  the  hydrate  separates  again  on  coolins  without 
change.  Acid  molybaate  of  sodium  also  disHolves  platinic  hydrate 
giving  a  deep  olive-green  solution  which  appears  red  in  thick 
layers.  The  only  salt  of  this  series  yet  studied  crystallizes  in 
amber-colored  tabular  plates  which  have  the  formula : 

lOMoO,  .  PtO,  .  40Na,  +  29  aq. 
They  are  very  soluble  and  give  sub-crystalline  precipitates  with 
many  metallic  solutions.  I  think  I  have  also  obtained  the  corre- 
sponding metameric  series,  but  of  this  more  in  due  time.  The 
acids  coiTesponding  to  the  salts  above  briefly  described  are  crys- 
talline and  may  be  obtained  frova  the  respective  baiium  salts  by 
sulphuric  or  from  the  silver  salts  by  chlorhydric  acid.  Nearly 
all  the  salts  of  both  series  effloresce  strongly  and  the  alkaline 
salts  have  a  very  distinct  acid  reaction,  so  that  the  limit  of  the 
basicity  is  certainly  higher  than  eight.  I  am  endeavoring  to 
generalize  these  results  still  farther  by  replacing  platinic  hydrate 
by  other  hydrates  of  the  same  type,  as  for  instance  by  those  of 
the  other  metals  of  the  platinum  group  and  by  Zr(OH). .  Tij^OH)^, 
Sn(0H)4,  ifcc,  but  though  I  have  in  many  cases  indications  of 
the  formation  of  new  complex  acids  I  have  nothing  definite  at 
present.  Silico-molybdic  acid  appears  however  to  be  formed  by 
Doiling  acid  sodic  molybdate  with  Si(OH)^  when  colorless  or 
very  pale  yellow  crystals  are  formed. 

Nearly  five  years  since  Scheibler  discovered  two  phospho- 
tungstic  acids  which,  according  to  his  analyses  contained,  respect- 
ively, six  and  twenty  molecules  of  tungstic  oxide,  WO  3  to  one 
of  PjOj.  As  he  has  published  nothing  whatever  upon  the  sub- 
ject since,  I  have  thought  that  I  could  fairly  enter  upon  the  same 
field  and  have  begun  the  study  of  the  20-molecule  series.  I  have 
already  established  some  very  important  facts  with  respect  to  the 
compounds  of  this  series,  and  have  further  generalized  my  own 
results  to  a  most  unusual  extent. 

According  to  nay  analyses,  phospho-tungstic  acid  has  the  formula 
2OWO3  .  P,05  .  80H,  or  W,o05  7Pt(OH),5 
independently  of  water  of  crystallization.    I  have  obtained  salts  of 
this  series  having  respectively  the  formulas : 

20WO, .  P^Off .  ONa, .  70H,  + )  6  aq. 
2OWO3 .  P,Oa  .  2BaO .  60H,  + 18  aq. 
20WO,  .P,Oa  .  6BaO.  20H,  +  44aq. 
20WO, .  PjO,  .  70K, .  OH,  +  27  aq. 
20WO,  .  PjOa  .  80K,  + 18  aq. 
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All  these  salts  have  an  acid  reaction  except  the  8-molecule  potas- 
sium salt,  and  I  consider  this— provisionally  at  least — as  deter- 
mining the  limit  of  the  basicitv  of  the  acid.  This  is  important  as 
showingthat.it  is  not  phosphoric  oxide,  P20^,  which  alone  is 
saturated.  Debray  considered  the  corresponding  phospho-molybdic 
acid  as  6-basic,  but  written  with  the  newer  atomic  weights  it 
would  of  course  be  regarded  as  12-ba8ic,  if  his  view  were  correct. 
He  describes  however  a  7-atom  silver  salt  which  I  should  write 

2OM0O,  .  P,Oa  .  nOAgi  .  OH,  +24  aq. 
and  which  is  clearly  the  analogue  of  my  potash  salt  above  men- 
tioned. All  or  nearly  all  the  phospho-tun^states  effloresce  quickly 
in  dry  air.  I  regard  the  formulas  above  given  as  well  ascertained 
excepting  possibly  that  of  the  very  acid  sodium  salt  which  heads 
the  list.  The  analyses  of  these  salts  as  well  as  of  the  platinum 
series  are  difficult,  and  the  ready  efflorescence  is  another  obstacle 
to  very  precise  work.  All  but  the  first  mentioned  sodium  salt  are 
colorless ;  the  7  and  8-atom  potassium  salts  are  splendid,  and  there 
is  at  least  one  ammonium  salt  which  is  precipitated  as  a  very  heavy 
snow-white  crystalline  powder.  1  have  not  used  Seheibler's 
method  of  preparing  these  compounds,  but  obtain  the  acid  sodium 
salt  by  mixing  normal  sodic  tungstate  and  hydro-disodic  phos- 
phate, W0^Na,-|-2  ag.  and  PO^NagH+lS  ag.,  in  the  proportion 
of  20  molecules  of  the  former  to  2  of  the  latter  and  adding  NO3H 
tin  til  the  very  alkaline  liquid  becomes  acid.  I  have  had  much 
success  in  generalizing  these  results.  The  corresponding  arsenio- 
tungstic  acid  and  its  salts  are  easily  obtained,  and  I  have  more  or 
less  distinct  indications  of  vanadio-tungstic  and  antimonio-tungstic 
acids.  It  may  prove  that  there  are  also  niobio-tungstic  and  tan- 
talo-tungstic  acids,  and  experiment  will  soon  decide  this  point. 
But  generalization  is  also  possible  in  other  ways.  Thus  1  find 
that  when  in  my  process  oxyfluo-tungstate  of  sodium,  WO^F^Na,, 
is  substituted  for  the  normal  tungstate,  splendid  crystalline  salts 
are  formed  with  both  arsenates  and  phosphates.  In  place  of 
normal  sodic  arsenate  the  oxyfluo-arsenate  may  be  employed  and 
new  acids  result  both  with  normal  tungstate  and  oxyfluo-tungstate 
of  sodium.  The  same  statements  are  probably  true  with  respect 
to  molybdic  compounds,  only  the  resulting  salts  are  not  always 
well  defined.  You  see  that  in  this  way  the  number  of  new  acids 
is  very  great  and  that  I  have  a  heavv  task  before  me.  It  is  of 
course  too  soon  to  speculate  on  the  ttieoretical  structure  of  the 
new  acids.  I  have  given  the  simplest  possible  formulas  in  all 
cases,  but  it  may  be  that  those  of  the  platino-tungstic  and  platino- 
molybdic  acids  must  be  doubled.  In  this  case  their  analogy  to 
the  phospho-tun^tates,  <fcc.,  will  be  more  easily  seen,  as  we  shall 
have  for  the  sodium  salts  for  instance, 

20WO, .  Pt^O, .  80Na„  and  20  WO, .  P,Oa  .  SONa,, 
meantime  I  have  as  y^et  seen  no  satisfactory  reason  for  the  change. 
I  am  disposed  to  think  that  the  well  known  and  very  singular 
H^  tun^states  and  molybdates,  30Na, .  7WO3  and  .SONag .  7M0O3, 
should  be  multiplied  by  8  and  written 
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20WO,  .  WO3  .  90Na„  and  20MoO,  .  MoOa  .  90Na,. 
They  will  then  fall  naturally  into  the  20-atom  series.  It  Beems 
also  possible  that  the  curioas  salt  of  Wdhler  usually  written 
WO^Nag  +  WjOj  may  be  represented  by  such  a  formula  as 
16W03.4WO,.70Na2  or  W^^,.  W.04j(ONa)^4.  I  shall  de- 
vote myself  to  these  compounds  until  I  have  exhausted  the  sub- 
ject as  far  as  possible,  and  meantime  anticipate  many  new  results. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  £lffect  of  Pressure  on  Chemical  action. — Bbrthklot 
calls  attention  to  Quincke's  statement  that  in  some  experiments 
which  he  made  in  which  sulphuric  acid  and  zinc  were  placed  in 
contact,  the  pressure  of  the  evolved  hydrogen  rose  in  a  few  days 
from  1 J  to  10  atmospheres  (varying  with  the  apparatus),  in  five 
months  ffom  27  to  54  atmospheres,  and  in  17  years,  from  25  to 
126  atmospheres,  and  remarks  that  these  experiments,  made  for 
an  entirely  different  purpose,  conclusively  prove  that  the  evolution 
of  hydrogen  is  not  arrested  by  pressure,  but  is  only  diminished  in 
rapidity,  confirming  his  results  of  twelve  years  ago.  In  this  case, 
chemism  is  not  modified,  but  only  the  nature  and  extent  of  the 
surface  of  attack,  the  metal  becoming  covered  with  an  adherent 

gaseous  laver,  while  the  acid  close  to  it  becomes  saturated, 
[ence,  in  his  opinion,  the  evohition  of  hydrogen  would  go  on 
indefinitely,  limited  in  time  only  by  the  strength  of  the  vessels 
containing  the  reagents. — BulL  Soc.  Gh^  II,  xxvii,  347,  April, 
1877.  6.  p.  R 

2.  New  method  of  determining  tJie  Specific  gravity  of  a  readily 
decomposable  body. — In  order  to  determine  the  specific  gravity 
of  iodine  trichloride,  a  body  not  only  exceedingly  volatile  at  low 
temperatures,  but  also  readily  dissociated  except  in  presence  of 
chlorine  gas,  Christomanos  has  devised  a  new  and  simple  method 
for  this  purpose.  In  a  cylindrical  glass  vessel  closed  at  the  ends 
by  two  suitable  glass  cocks  and  previously  filled  with  dry  chlorine 
gas,  and  weighed,  the  trichloride  is  placed  and  the  weighing  is 
repeated.  The  difference  in  weight  is  the  weight  of  the  tnchloride 
less  the  weight  of  chlorine  equal  in  volume  to  it.  To  determine 
this  latter  weight  and  thus  the  volume  of  this  chlorine  (which  of 
course  is  the  volume  occupied  by  the  trichloride)  the  experiment 
is  repeated  at  a  suitable  temperature  using  carbon  dioxide  in 
place  of  chlorine.  From  this  second  difference,  the  known  weight- 
relations  between  the  gases  being  given,  the  weight  of  the  chlorine 

71 
is  obtained  by  means  of  the  formula  Cl=i—  (c,  —  ft,  —  c-h  ft)  in 

which  ft  and  ftj,  c  and  c.  represent  the  first  and  second  weighings 
with  chlorine  and  caroon  dioxide    respectively.      This  weight 
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known,  the  yolnme  is  calculable  at  the  temperatare  and  pressure 
of  the  experiment,  and  hence  the  volume  v  of  the  trichloride  is 

27 
known.    Its  weight,  Vf,z=:         ^^  )^44(c_m>  ^°  g'^"^^'    ^^^^ 

these  data,  the  density  is  obtained  since  -^  =  D.    The  result  with 

IClj  gave  3-1107,  which  the  author  thinks  too  high. — Ber.  BerL 
Chem.  Ges.^  x,  782,  May,  1877.  G.  p.  a 

3.  On  the  Determination  of  High  Melting  Points, — Cabnelley 
has  proposed  a  new  process  for  fixing  the  melting^  points  of  less 
readily  fusible  salts,  founded  on  the  principle  that  if  three  metallic 
salts  A,  B  and  C,  which  fuse  at  different  temperatures  such  that 
A  fuses  before  B  and  B  before  C,  be  arranged  on  a  cold  block  of 
smooth  iron  and  this  be  placed  in  a  muffle  kept  at  a  constant 
high  temperature,  and  if  aj  oe  the  number  of  seconds  which  elapse 
between  the  melting  of  A  and  B  and  y,  the  number  of  seconds 

between  the  melting  of  A  and  0,  then  the  ratio  -is  approximately 

constant  for  the  same  three  salts  whatever  may  be  the  temperature  of 
the  muffle,  provided  only  it  is  considerably  higher  than  that  at  which 
C  fuses,  'liius  in  sixteen  experiments^  using  the  three  substances, 
sulphur,  silver  nitrate  and  potassium  nitrate,  the  experiments  being 
made  at  widely  different  temperatures,  the  ratio  in  each  was  2*67, 
2-68,  2-81,  2*80,  2*72,  2-67, 2-67,  2*67, 2-66, 2*62, 2*58, 2*87,  2*65,  2-88, 
2*71,  2*91 ;  mean  2*72.  If  the  ratios  obtained  with  different  salts 
be  reduced  to  the  same  scale,  as  by  assuming  the  ratio  between  sol* 
phur  and  potassium  nitrate  and  any  other  third  salt  to  be  any 
given  number,  the  value  for  a  given  salt  is  constant,  whatever  the 
other  salts  used  with  it  in  the  experiment.  From  these  ratios, 
time- values  are  obtained  for  nine  standard  salts,  S,  AgNO., 
KNO3,  KCIO3,  TlCl,  PbCl,,  KI,  KCl,  and  NagCO,.  Thus  if  in 
four  experiments,  27,  39,  45,  and  65  seconds  respectively  elapse 
between  the  melting  of  S  and  AgNOj,  and  72,  106,  120,  and  170 
between  S  and  KNO3,  then  if  we  assume  a  constant  value,  say  10 
seconds,  for  the  former,  the  latter  becomes  constant ;  i.  e.,  26*7, 
27*2,  26-7,  26*7  seconds.  This  (or  the  mean  of  a  larger  series  26  4) 
is  the  "time-value"  for  KNO3.  So  32  is  the  time  value  for 
KCIO3,  45  for  TlCl,  59  for  PbCla,  116  for  KI,  197  for  KCl,  and 

268  for  NajCOg.  From  the  equation  -=r,  in  which  r  is  the  ex- 
perimental ratio  for  any  salt,  the  time-value  of  that  salt  may  be 
obtained.    Thus  with  S,  AgNOg  and  KCIO3,  if  r=2*72,  ?^=2'72 ; 

X 

whence  if  a;=10,  y:=27*2,  the  time-value.  Or,  again,  the  value 
of  r  for  PbClj,  KCl  and  Na^COa  is  1*60.  Since  the  time-values 
of  the  two  former  are  69  and  197,  a;=138,  and  yr=207 ;  or  NajCOg 
melts  207  seconds  after  PbCl^ ;  and  since  PbCL  melts  69  seconds 
after  S,  the  time-value  of  Na^COj  is  266  seconds.  By  accurately 
determining  the  melting  points  of  these  nine  salts,  and  collating 
▲m.  J oob.  801.— Thtrd  Sbbiss,  Vol.  XIV,  No.  79.— July,  1877. 
5 
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them  with  their  time-values,  a  t^ble  may  be  obtained  from  theAe 
data,  either  by  direct  or  by  graphic  iDterpolation,  from  which, 
knowing  the  time-valne  for  any  salt,  its  melting-point  can  be  ob- 
tained.— Jimr.  Chem,  Soc.j  xxxi,  365,  April,  1877.  g.  p.  b. 

4.  ^ew  Vapor  Density  Method. — Goldschmiedt  and  Ciamiciait 
have  modified  somewhat  Victor  Meyer's  method  of  fixine  vapor 
densities,  and  by  substitatin^  mercury  for  fusible  metal,  have 
contrived  an  apparatus  which  is  simple  and  effective.  A  fflass 
bulb  of  150  c.c.  capacity  has  at  its  lower  portion  a  tube  wnich 
turns  and  passes  upward  to  about  the  diameter  of  the  bulb  above 
it,  and  to  which,  just  below  its  top  is  attached  a  lateral  tube.  A 
weighed  substance  being  placed  in  the  bulb,  this  is  filled  with 
mercury  till  it  flows  away  by  the  lateral  tube.  The  whole  is 
placed  m  a  bath  of  water  or  paraffin  as  is  necessary,  and  heated. 
The  production  of  vapor  expels  its  volume  of  mercury  which  is 
received  in  a  tarred  vessel  and  weighed.  This  volume  corrected  is 
the  volume  of  the  vapor ;  whence  its  vapor  is  the  quotient  of  its 
weight  by  this. — Ber.  Berl.  Chem.  Oea.^  x,  641,  April,  1877. 

G.  F.  B. 

5.  On  the  Condensation  of  Isobutylene.  —  Boutleeow  has 
obtained  a  curious  body,  which  he  calls  isodibutylene,  by  the 
action  of  diluted  sulphuric  acid  upon  trimethylcarbinol.  It  is  a 
colorless  li<]^uid,  having  a  boiling  point  between  102®  and  104**, 
and  is  by  its  chemical  characters,  a  hydrocarbon  of  the  ethy- 
lene series,  forming  direct  addition  products  with  bromine,  with 
hydrochloric  and  with  hydriodic  acids  Moist  silver  oxide  acts 
on  the  iodide  thus  obtained,  giving  rise  to  a  new  octyl  alcohol, 
isodibutol,  having  a  charactenstic  smell  of  camphor,  and  boiling 
at  146'5°-147'5**.  When  isodibutylene  or  isodibutol  is  oxidised 
with  chromic  acid,  the  principal  products  are  acetone  and  trime- 
thyl-acetic  ether;  hence  the  constitution  of  the  hydrocarbon  is 

CH  /CHg 

represented  by  the  formula  qct^>C=C— C— CH,.    It  is  isobuty- 

^  H       XCH, 

lene,  in  which  an  atom  of  hydrogen  belonging  apparently  to 
the  methylene  group,  is  replaced  by  tertiary  butyl. — BuU.  Soc 
Ch.y  n,  xxvii,  370,  April,  1877.  G.  f.  b. 

6.  New  method  of  producing  Salicylic  add. — Heemann,  who 
studied  some  time  ago  the  action  of  sodium  on  succinic  ether, 
now  finds  that  if  the  action  be  lone  continued,  there  is  formed, 
probably  by  the  action  of  the  metaf  on  the  succinyl-succinic  ether 
at  first  produced,  considerable  quantities  of  salicylic  acid.  The 
production  of  this  substance  in  this  way  is  doubly  interesting; 
first,  because  since  succinyl-succinic  acid,  whose  formula  is 
CH,— OO^OH.COOH 

X^  ^^  A^  ^^^^j  is  a  member  of  the  fatty  series,  while 
CHa-CO-CH.COOH'  ^  ' 

I  PQOH 
salicylic  acid,  C^H^  •<  ^tt       belongs  to  the  aromatic,  it  shows  a 

conversion  of  one  into  the  other,  the  closed  rin^  of  six  carbon 
atoms  in  the  former  suffering  a  further  condensation  and  develop- 
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ing  a  true  benzene  ring ;  and  second  because  from  this  mode  of 
formation  it  is  clear  that  in  salicylic  acid  the  hydroxyl  and  the 
carboxyl  groups  occupy  the  para  position. — Ber,  Berl.  Chem. 
Oes.y  X,  646,  A^ril,  1877.  g.  p.  b. 

7.  On  the  PormcUion  of  Coumaririy  and  of  Ginnamic  and 

other  analogous    acids.  —  Perkin,  who    synthesized    coumarin 

(  C  H  O 
CjHg  ■<  Q^  ^     several  years  ago,  now  finds  that  this  substance  is 

readily  produced  when  salicyl  hydride  is  boiled  with  acetic  oxide 
and  sodium  acetate.  He  was  thus  led  to  try  other  aldehydes  in 
the  same  way.  On  boiling  benzoic  aldehyde  with  acetic  oxide 
and  sodium  acetate  for  a  day,  a  considerable  quantity  of  an  acid 
was  obtained  which  on  examination  proved  to  be  cinnamic  or 
pheny  1-acrylio  acid  0  ^  H  ^ .  CH .  CH .  COOH.  Using  propionic 
oxide  and  sodium  propionate,  the  product  of  the  reaction  was 

(  6h,(c,h,c,h,) 

phenyl-crotonic  acid,  <    I  .     From  butyric  acid  and 

I  CO(OH) 
sodium  butyrate,  was  obtained  phenyl-angelic  acid, 
CH,(C3H^.CeH,) 
I  .     From  benzoic  aldehyde,  succinic  acid  and 

sodium  succinate,  isophenyl-crotonic  acid.  From  cuminic  alde- 
hyde, acetic  oxide  and  sodium  acetate,  cumenyl-acrylic  or  isopro- 
pylphenylacrylic  acid  CgH^(Cjfl,,).CaH, .COOH,  was  obtained. 
Substituting  propionic  oxide  gave  cmnenylcrotonic  acid,  while 
butyric  oxide  gave  cumenylangelic  acid.  Cinnamic  aldehyde 
with  acetic  oxide  and  sodium  acetate  gave  cinnamenylacrylic 
acid,  propionic  oxide  gave  cinnamenylcrotonic  acid,  and  butyric 
oxide  gave  ciimamenylan^elic  acid.  Anisic  aldehyde  save  methyl- 
paroxyphenylacrylic^  methylparoxyphenylcrotonic  and  methylpar- 
oxyphenylangelio  acids,  when  thus  treated.  Methylsalicylic  alde- 
hyde gave  methylorthoxyphenylacrylic,  methylorthoxyphenylcro- 
tonic  and  methylorthoxyphenylangelic  acids.— eTI  Chem.  Soc,^  xxxi, 
388,  April,  1877.  G.  F.  b. 

8.  New  Urea  reaction. — Schiff  has  observed  that  when  a  solu- 
tion of  urea  in  three  parts  of  a  concentrated  aqueous  solution  of 
furfurol  is  treated  with  a  few  drops  of  hydrochloric  acid  and 
warmed,  a  splendid  purple-violet  color  is  developed. — Ber.  Berl. 

Chem.  Ges.y  x,  773,  May,  1877.  g.  f.  b. 

9.  Notes  from  the  Chemical  Laboratory  of  the  Johns  Hopkins 
University.  Nos.  1,  2,  3.  16  pp.  8vo:  Baltimore,  May,  1877. — 
The  papers  here  included  are :  Oxidation  of  Mesitylene-sul phonic 
acid,  by  L.  B.  Hall  and  Professor  Kemsen  ;  on  the  oxidation  of 
the  Sulphoacids  derived  from  metalylene,  by  M.  W.  Iles  and 
Professor  Remsbn  ;  on  isomeric  nitrotoluenesulphonic  acids  from 
paranitrotoluene,  by  R  Hart  and  Professor  Remsen. 
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11.  Geology  ais^d  Mineralogy. 

1.  Volcanic  Eruptions  on  Hawaii;  by  Rev.  Titus  Coan. — 
On  the  6th  and  7th  of  January,  1873,  the  great  terminal  pit  of 
Mauna  Loa,  Mokua-weo-weo,  was  intensely  active,  exciting  the 
attention  of  spectators  around  all  the  shores  of  Hawaii  and 
Maul  The  scene  was  brilliant  beyond  what  I  had  ever  before 
witnessed  in  that  lofty  crater.  But  it  was  as  transient  as  it 
was  bright.  We  were  favored  with  only  two  nocturnal  exhibi- 
tions, when  the  curtain  dropped  and  the  lights  were  extinguished. 

On  the  20th  of  April,  1873,  this  crater  fired  up  again,  and  for 
months  the  illumination  was  grand  by  night,  and  the  column  of 
smoke  and  gases  rose  in  a  magnificent  pillar  by  day. 

In  January,  1874,  another  marvellous  boiBng  commenced  in 
Mokua-weo-weo,  and  continued  for  fifteen  months.  During  all 
this  period  parties  could  ascend  the  mountain,  look  down  into 
this  awful  cauldron,  listen  to  the  surging  and  roaring,  and 
startling  detonations  of  the  fiery  abyss,  and  watch  the  jets  as 
they  spouted  upward  hundreds  of  feet,  and  the  glowing  waves 
as  they  rolled  and  dashed  against  the  walls  of  the  pit. 

I  think  it  was  on  the  11th  of  August,  1875,  that  another  bril- 
liant eruption  occurred  in  Mokua-weo-weo,  lighting  up  the  firmar 
ment,  and  awakening  the  enthusiastic  admiration  of  beholders. 
This  continued  but  one  week. 

On  the  13th  of  February,  1876,  we  were  entertained  by  another 
grand  display  of  Pele's  fire-works,  keeping  thousands  of  people 
on  the  watch  at  midnight,  but  this  also  was  of  short  duration. 

All  these  demonstrations  were  confined  to  the  great  mountain 
crater.  There  were  no  overflowings  and  no  lateral  outbursts. 
The  last  eruption  was  on  the  14th  of  last  February,  between  9 
and  10  in  the  evening,  and  it  was  the  sublimest  scene  we  had 
ever  witnessed  about  Mokua-weo-weo.  The  display  of  light  was 
most  glorious.  It  looked  as  if  the  summit  of  the  mountain  was 
melted,  as  if  the  heavens  were  on  fire.  Vast  columns  of  illumined 
steam  rose  like  flaming  gases  from  the  burning  pit,  rushing  up- 
ward with  fearful  speed  to  the  height  of  14,000  to  17,000  feet, 
where  it  spread  out  into  a  vast  fiery  cloud,  which  shone  down 
upon  and  lighting  up  Hilo  as  if  the  firmament  were  on  fire,  pro- 
jecting shadows  of  the  objects  around.  This  continued  through 
the  night.  In  the  morning  the  mountain  had  on  a  veil  of  thick 
clouds,  the  rain  fell,  and  the  gorgeous  scene  was  hid  from  our 
eyes.  After  some  days  the  clouds  were  dispersed,  but  no  vestige 
of  the  marvellous  scene  remained.  No  smoke  1  no  fire!  on  the 
mountain,  but  only  an  occasional  subterranean  thud,  as  of  Vul- 
can's trip  hammer,  and  a  smoky  atmosphere.  So  sudden  and 
complete  was  the  cessation,  that  all  spectators  were  amazed 
and  disappointed.  People  in  Kau  and  Kona  sent  messages  to 
Hilo,  enquiring  if  we  were  having  the  eruption  all  to  ourselves ; 
and  we  sent  back  the  inquiry  to  them,  *^  What  has  become  of  the 
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volcano  ?"  while  the  monntaiDS  stood  above  in  silent  and  solemn 
grandeur.  The  steamer  came  up  to  Kona  and  to  Eau,  loaded 
with  passengers,  curious  to  witness  the  eruption,  but  the  fire  had 
become  extinguished,  and  they  retunied  disappointed.  But  before 
the  vessel  was  fairly  out  of  sight,  a  remarkable  bubbling  was  seen 
in  the  sea  about  three  miles  south  of  Eealakekua — where  Capt. 
Cook  fell, — and  a  mile  from  the  shore.  Approaching  the  boiling 
pot,  it  was  found  emitting  steam  and  throwing  up  pumice  and 
light  scoria,  many  specimens  of  which  were  gathered.  This 
boiling  was  active  when  we  last  heard.  It  is  in  deep  water.  On 
the  island  new  fissures  have  been  opened  in  the  panoihoi,  which 
extend  up  to  the  higher  lands,  indicating  the  course  of  a  subter- 
ranean lava  stream,  that  terminated  in  a  submarine  eruption — a 
new  feature  in  our  modern  volcanic  phenomena.  About  the  time 
of  this  eruption  beneath  the  sea,  a  tidal  or  earthquake  wave  of  con- 
siderable force  was  observed  along  the  coast  of  Eona. — Letter  to 
Prof.  C,  S.  Lyman,  dated  HUo,  March  nth,  1877. 

2.  Geological  iSurvey  of  Pennsylvania. — The  following  Reports 
of  work  in  this  Sur\'ey  have  receni  ly  been  issued  by  the  Board  of 
Commissioners,  Harrisburg. 

(1)  Meport  of  Progress  in  the  Counties  of  York,  Adams,  Cum- 
berland and  Frankliny  illustrated  by  maps  and  cross-sections 
showing  the  magnetic  and  micaceous  ore-belt  near  the  western 
edge  of  the  Mesozoic  Sandstone,  and  the  two  Azoic  systems  con- 
stituting the  mass  of  the  South  Mountains ;  with  a  preliminary 
discussion  of  the  Dillsburg  Ore-bed ;  by  Pebsifob  Frazbr,  Jr. 
400  pp.  8vo,  with  maps  and  sections.     1877. 

(2)  Report  of  Progress  in  the  Cambria  and  Somerset  District 
of  the  Bittiminous  Coalfields,  by  F.  and  W.  G.  Platt.  Part  I, 
Cambria.  194  pp.  8vo,  with  44  wood-cuts  and  4  maps  and  sec- 
tions. 1877.  This  report  gives  from  "the  elaborate  hypsometric 
map  of  Edmund  Smitn  yet  to  be  published,"  the  heights  of  the 
crests  of  the  Allegheny  Mountains,  showing  for  the  wentem  crest 
a  range  from  2,190  to  2,810  feet;  and  for  the  outer  crest,  1,490  to 
2,610  feet ;  also  those  of  the  principal  summits  of  Laurel  Hill,  2,270 
to  2,450  feet. 

(3)  Special  Report  on  the  Coke  Manufacture  of  the  Youghiogheny 
River  Vialley  in  I^hyette  and  Westmoreland  Counties,  with  geo- 
logical notes  on  the  Coal  and  Ironrore  beds,  by  Frakkun  Plait. 
To  which  are  appended  a  Report  on  methods  of  Coking  by  John 
Fulton,  and  a  neport  on  the  use  of  natural  gas  in  the  Iron  Manu- 
facture, by  J.  P.  Pearse  and  F.  Platt.  262  pp.  8vo,  with  maps 
and  plates  and  wood-cuts. 

3.  Bulletin  of  the  U.  S.  Geological  and  Geographical  Survey  of 
the  Territories.  F.  V.  Hayden,  Geologist-in-Charge.  Vol.  Ill,  No. 
3.  This  number  contains  the  following  papers :  Comparative  vocab- 
ulary of  Utah  dialects,  by  E.  A.  Babbbr;  on  methods  of  making 
Stone  Weapons,  by  P.  Schumacher;  by  A.  C.  Peale,  on  a  peculiar 
tvpe  of  Eruptive  Mountains;  by  E.  D.  Cope,  on  the  Geology  of  the 
Judith  River  and  on  Vertebrate  fossils  from  the  Missouri  region  ; 
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C.  A.  White,  papers  on  Judith  Riyer  gronp  UnionidsB  and  Phy- 
BidsB ;  Uniones  and  a  new  genus  of  fresh-water  Gasteropoda  from 
Tertiary  of  Wyoming  and  Utah ;  Comparison  of  the  Unionidsd 
and  associated  moUusks  with  living  species ;  paleontological  char- 
acteristics of  the  Green  River  Cenozoic  and  Mesozoic;  Dr.  K 
CouBS,  U.  S.  A.,  notes  on  American  Insectivorous  Mammals; 
Ornithology  of  source  of  Red  River  of  Texas ;  S.  Aughby,  cata- 
logue of  land  and  fresh-water  shells  of  Nebraska ;  A.  D.  Wilson, 
on  the  Geographical  work  of  the  Survey.  A  iurther  notice  is 
deferred  to  another  number. 

4.  Oeoloffical  Survey  of  Canada^  Alfbbd  R.  C.  Selwtn, 
Director.  Report  of  Progress  for  1876-76.  432  pn.  8vo,  with 
maps  and  plates.  1877. — This  volume  opens  witn  an  Intro- 
ductory Report,  reviewing  the  work  of  the  year,  by  Mr. 
Selwyn,  after  which  come  special  reports :  on  British 
Columbia,  by  Mr.  Selwyn;  on  the  same  re^on,  by  G.  M. 
Dawson  ;  and  on  other  western  areas,  by  Prof.  Macoun,  J.  F. 
Whttbaves,  R.  W.  Ells,  Robbbt  Bell,  and  S.  Bablow  ;  and  on 
New  Brunswick  and  Nova  Scotia,  by  S.  Bablow,  L.  W.  Bailey, 
G.  F.  Matthew,  R.  W.  Ells,  and  H.  Fletcheb  ;  with  a  chemical 
Report,  by  C.  Hoffmann;  on  the  Insects  of  the  Tertiary  at 
Quesnel,  by  S.  H.  Souddeb  ;  and  List  of  Coleoptera  collected  on 
the  Lower  Peace  and  Athabasca  Rivers,  by  Prof.  J.  L.  LeConte. 

Mr.  Selwyn  states  that  Mr.  H.  G.  Vennor  has  found  a  large 
variety  of  crystalline  rocks  in  Western  Quebec  and  Eastern 
Ontario,  characterized  by  Eozoon,  great  beds  of  ma^etite, 
apatite,  and  graphite;  and  that  in  Renfrew  and  Pontiac  the 
labradorite  rocks  are  interbedded  with  the  lowest  limestones; 
that  these  beds  rest  probably  unconformably  on  the  "Lower 
Laurentian  or  reddish  gneiss. 

Mr.  Dawson  describes  the  region  between  the  Cascade  Range 
and  Eraser  River,  the  52d  and  54th  parallels  of  latitude.  It  con- 
tains extensive  basaltic  areas;  porphyritic  rocks  of  uncertain 
affe ;  lignitic  beds  generally  if  not  always  beneath  the  basalts, 
-mdoh  are  "undoubtedly  Tertiary;'*  Cretaceous  rocks;  besides 

fneisses,  granites,  diorytes,  etc.  The  Report  on  New  Brunswick, 
y  Bailey  and  Matthew,  describes  the  Silurian  crystalline  rocks  of 
the  Mascarene  series,  including  chloritic  rocks,  diorytes,  felsytes 
and  arcillytes.    They  are  shown  to  be  Upper  Silurian. 

5.  Shi/ting  of  the  earth's  axis. — Pro£  Haughton  has  a  mathe- 
matical paper,  on  the  shifting  of  the  earth's  axis  caused  by  the 
elevation  of  the  existing  continents,  in  the  Proceedings  of  the 
Royal  Society,  vol.  xxvi,  p.  51.  He  finds  by  calculation  that  the 
displacement  would  be  as  follows : 

Toward  Greenwich.   Toward  Behr.  Str.   Toward  Yacatan.  Toward  Ran«ooii. 
MUea.  Mllei.  MUea.  MUet. 


Europe  and  Asia, 

.... 

68-7 

Africa, 

---- 

26-9 

North  America, 

16-2 



South  America, 

19-9 

.... 

Australia^ 

.--- 

30-2 

199-4 
351 


3-4 
106-5 

30-2 


Digitized  by  VjOOQIC 


Botany  and  2joology.  71 

The  power  of  Europe  and  Asia  in  moving  the  pole  is  partly  due 
to  the  extension  of  this  continent  along  the  parallel  of  45^,  which 
is  the  most  effective  latitude. 

6.  Samarskite  of  North  Carolina.—A  letter  to  one  of  the 
editors,  from  J.  Lawrence  Smith,  dated  Louisville,  June  15,  states 
that  he  ^^  has  succeeded  in  detecting  and  separating  thoria  from 
the  North  Carolina  Samarskite,  in  which  it  exists  to  the  extent  of 
a  few  tenths  of  one  per  cent.''  And  that  he  has  discovered  a  new 
method  of  separating  thoria  from  the  mixed  earths,  easily  used, 
and  giving  accurate  results  even  when  the  amount  present  is  very 
small. 

7.  Analysis  of  Samarskite  by  Miss  EUen  H.  SwdUow. — The 
analvsis  of  Miss  Swallow  (now  Mrs.  Professor  R.  H.  Richards), 
cited  on  page  364  of  volume  xiii  of  this  Journal,  contains  errors, 
and  is  therefore  here  given  as  published  in  the  Proceedings  of  the 
Boston  Society  of  Natural  History,  voL  xvii,  p.  424. 

Metallic  acids  of  the  tantalic  group 54*96 

Oxide  of  tin 0-16 

Oxide  of  uranium 9*91 

Oxide  of  iron 1402 

Oxide  of  manganese 0*91 

Oxide  of  cerium  (La,  Di) 6'lT 

Tttria 12-84 

Magnesia 0*62 

Insoluble  residue  from  tiie  oxalate  of  cerium. . .  1*25 

Loss  on  ignition 0*66 

100-40 
The  loss  was  determined  on  another  sample  of  the  mineral 

IIL  Botany  and  Zoolooy. 

1.  On  the  Development  and  Systematic  Arrangement  of  the 
PithophoracecB.  By  Veft  Brechbr  Wittbock.  Upsala,  1877. 
4to. — ^In  this  pamphlet  the  writer  gives  an  account  of  certain  spe- 
cies from  tropical  countries,  which  had  previously  been  placed  in 
the  genus  Vladophora.  Instead,  however,  of  producing  zeds- 
pores  as  is  the  case  with  species  of  Cladophora^  the  upper  portion 
of  the  cells  swells  and  the  contents  pass  into  the  swollen  portion, 
leaving  the  rest  empty.  A  cell  wall  is  then  formed,  cutting  off 
the  swollen  portion  from  the  rest,  and  the  spore  is  thus  formed. 
It  may  be  noticed  as  an  innovation  that  the  article  is  written  in 
English.  This  nractice  is  of  late  rather  common  in  Scandinavia. 
It  is  to  be  hopea  that  this  example  will  be  imitated  by  others, 
since  it  not  unfrequently  happens  that  Swedish  botanists  do  not 
receive  full  credit  for  their  work,  owing  either  to  the  small  num- 
ber of  foreigners  who  read  Swedish,  or  to  the  imperfect  adapta- 
bility of  Latin  to  modem  scientific  writing.  w.  o.  p. 

2.  IM>er  Sprossung  der  MoosfriXchte  und  den  Generations- 
toechsel  der  ThaUophyten.  N.  Pbingsheim. — An  important  paper, 
in  which  the  writer  shows  that  protonemata,  precisely  similar  to  the 
ordinary  protonemata  produced  from  the  spores,  may  be  made  to 
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grow  directljr  from  the  setaB  of  mosses.  The  latter  part  of  the 
article  in  which  Pringsheim  discusses  the  alternation  of  generations 
in  Thallophytes  is  excessively  recondite  and  difficult  to  follow. 

w.  G.  F. 

3.  AlgcB  Exaiccatce  Americm  Borealia  ^  curantibas  W.  G.  Far- 
low,  C.  L.  AsmBBsoN,  D.  C.  Eaton,  editse.  Fasciculus  L  Bo»- 
tonisB,  1877. — Nothing  helps  the  student  of  seaweeds  like  speci- 
mens, and  fortunately  in  no  department  of  botany  are  specimens 
so  attractive.  To  help  our  own  students  and  amateurs  in  this 
resnect,  and  also  to  make  known  to  foreign  algoloeists,  in  an 
autnentic  way,  the  importance  of  our  authors'  own  collections  and 
studies  in  this  department,  they  have  combined  to  issue  sets  of 
specimens,  with  printed  tickets,  &c.  This  first  fasciculus  con- 
tains fitly  species,  all  of  real  interest,  many  of  them  new  or  next 
to  new,  at  least  in  collections.  The  specimens  are  full  and  beau- 
tiful, and  the  fasciculus  is  in  every  way  attractively  prepared. 
We  have  no  announcement  of  the  price,  but  we  understand  that  a 
limited  number  of  copies  are  to  be  put  on  sale.  Professor  Eaton 
at  Yale  College,  Professor  Farlow  at  Harvard,  and  Dr.  Anderson 
at  Santa  Cruz,  California,  could  be  applied  to  by  those  who  wish 
to  obtain  these  sets.  AlgsB  from  the  Califomiau  coast  have  until 
now  been  unattainable ;  and  those  from  Florida  almost  equally  so 
since  the  late  Dr.  Harvey's  time.  The  few  species  from  our  New 
England  coast  are  all  choice  and  rare,  being  such  as  Zomentaria 
roseuy  Hormactia  Farlowii  of  Bomet,  Lingbya  WoUei^  a  new 
fresh-water  species  by  Farlow,  L,  nigrescenSy  CcUothrix  Crustacea 
and  C,  pulvinata.  Among  the  Californian  species  of  Dr.  Ander- 
son's collection  is  Agardh's  Farloioia  compressa.  a.  g. 

4.  Orchis  rotundifolia  of  Pursh,  which  Richardson  referred  to 
Hahenaria  (it  was  confidently  supposed  with  good  reason),  and 
Lindley  after  him  to  Platanthera^  is  a  genuine  Orchis^  having  a 
pouch  to  the  poUinia-disks  as  manifest  as  that  of  O,  spectabUis, 
This  is  seen  in  fresh  flowers  of  the  living  plant  sent  by  Mr.  Prin- 
gle  from  Vermont  to  the  Cambridge  Botanic  Garden.  a.  g. 

6.  JSeitrdge  zur  Entwickelungsgeschichte  der  Fleohten,  Heft 
I,  Ueber  die  ^eschlechtliche  JFortj^ianzung  der  CoUemaoeeJi, — 
E.  Stahl.  Leipzig,  8vo,  pp.  65. — ^This  important  contribution  on 
the  reproductive  organs  of  lichens,  forms  the  first  portion  of  a  work 
of  which  the  author  gave  a  preliminary  notice  in  the  Botanische 
Zeitung,  1874,  p.  177.  He  nas  avoided  anjr  discussion  of  the 
Schwendener  theory  with  regard  to  the  gonidia  and  has  sought  in 
the  study  of  the  reproductive  organs  of  lichens  to  discover  their 
relationship  to  other  groups.  In  part  first,  he  treats  of  (Jollema 
mycrophyUwn  and  other  species  of  CoUeniay  Physma^  etc.  The 
reproductive  organs  consist  of  spermatia,  male,  and  carpogonia, 
female.  The  anatomy  of  the  former  has  been  known  K)r  some 
time,  but  the  latter  organs  are  now  described  for  the  first  tima 
The  carpogonia  consists  of  two  portions,  the  ascogone  and  the 
trichogyne.  The  ascogone  is  a  coiled  filament  competed  of  several 
cells  and  is  in  all  respects  similar  to  the  body  of  the  same  name  in 
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the  ascomyoetous  fangi.  The  triobogyne,  also  composed  of  sev- 
eral cells,  is  a  more  slender  filament  which  proceeds  outwards 
from  the  ascogone  until  it  makes  its  way  to  the  surface  of  the 
thallus.  The  experience  of  Stahl  shows  that  the  trichogynes  seek 
the  surface  in  that  part  of  the  thallus  exposed  to  the  light.  In 
the  majority  of  cases  the  spermatia  and  car{>o^onia  are  distinct. 
In  the  genus  Physniay  however,  the  ascogone  is  m  the  base  of  the 
same  cavity  in  which  the  spermatia  are  found,  a  condition  which 
Stahl  maintains  must  prove  conclusively  that  the  spermatia  are 
really  organs  of  the  lichen  itself  and  not  parasitic  organizations  as 
some  have  supposed.  Stahl  has  oiten  seen  the  spermatia  attached 
to  the  exposed  tip  of  the  trichogyne,  but  exactly  how  they  are 
attached  is  a  difficult  point  to  determine  owing  to  their  small  size. 
He  is  inclined  to  believe  that  the  process  of  union  is  similar  to 
that  which  takes  place  in  the  Floridece.  In  consequence  of  this 
union,  a  change  takes  place  in  the  ascogone  by  which  the  asci  are 
formed,  as  in  tbe  ascomycetes.  The  whole  question  is  very  can- 
didly discussed  and  well  illustrated  by  four  plates.         w.  g.  f. 

6.  North  American  Starfishes:  Vol  V,  No.  \^  of  the  Memoirs 
of  the  Museum  of  Comparative  Zoology ^  by  Alexander  Agassiz. 
Cambridge,  June,  1877.  137  pp.  4to,  with  20  plates. — The  plates, 
which  are  excellent,  were  drawn  on  stone  more  than  twelve  years 
ago,  to  illustrate  a  fifth  volume  of  the  Contributions  to  Zo6logy, 
by  Professor  Agassiz,  which,  unfortunately,  was  not  completed. 
The  first  part  ot  the  volume,  relating  to  the  embryology  of  star- 
fishes, was  published  separately  by  Mr.  A.  Agassiz  in  1864,  and 
is  reprinted  in  the  present  volume  with  such  additions  as  the 
progress  of  discovery  has  made  necessary.  The  remainder  of  the 
volume  is  devoted  to  descriptions,  especially  of  the  hard  parts,  of 
various  species  (belonging  to  Asterias,  Echinaster,  Crossaster, 
Pycnopodia,  Brisinga,  Luidia,  Asterina,  Asteropsis,  Pentaceros, 
Solaster,  Cribrella,  Astropecten)  most  of  which  are  beautifully 
illustrated.  An  important  chapter  is  also  devoted  to  the  homol- 
ogies of  Echinoderms.  a.  e.  v. 

7.  Ninth  Annual  Report  on  the  noxious  and  beneficial  and 
other  insects  of  the  State  of  Missouri ;  by  C.  V.  Riley,  State 
Entomologist.  130  pp.  8vo,  with  many  figures  and  a  map.  Jeffer- 
son City,  Mo.,  1877. — Mr.  Riley's  report  like  its  predecessors,  is 
eminently  practical  as  well  as  scientific.  It  treats  of  the  worms 
that  infest  the  Gooseberry,  Currant,  Strawberry  and  White  Pine  ; 
of  the  Colorado  Potato-Beetle,  the  Army  Worm,  the  Wheat-head 
Army  Worm,  and  the  Kocky  Mountain  Locust ;  and  also  of  the 
"  innoxious  Insects"  the  Hellgrammite  and  Yucca  Borer.  Of  the 
Colorado  beetle  Mr.  Riley  remarks  that  its  eastward  progress  was 
at  the  average  rate  of  eighty-eight  miles  a  year  (though  not  over 
fifty  miles  a  year  over  the  region  west  of  the  Mississippi),  and  that 
it  has  now  invaded  nearly  1,500,000  square  miles,  or  more  than 
one-third  the  area  of  the  U  nited  States.  It  does  not  thrive  where 
the  thermometer  reaches  near  1 00°  F.,  and  hence  "  it  may  never 
extend  its  range  very  far  south  of  the  territory  now  occupied ;" 
but  its  northern  spread  is  not  limited,  and  it  may  push  to  the 
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nonherDmoet  limit  of  the  potato-growing  country — a  limit  which 
it  has  already  well  nigh  reached.  It  trayels  by  means  of  wings. 
But  '^  it  undoubtedly  availed  itself  to  no  considerable  extent,  of 
every  means  of  transportation  afforded  to  other  travelers,  and 
often  got  a  lift  on  eastward  bound  trains ;  and  it  most  probably 
crossed  the  more  barren  plains  bordering  its  native  confines 
through  man^s  direct  agency,  that  is,  by  being  carried."  ''  Even 
the  winds  and  waters  aided  its  progress.'* 

8.  Bulletin  of  the  U.  S.  Entomological  CommiMion — U.  S. 
Oeol  and  Oeogr.  Swrvey^ — No.  1, 12  pp.  and  No.  2,  14  pp.  8vo. — 
The  Entomological  Commission  consists  of  O.  Y.  Rilbt,  A.  S. 
Packard,  Jr.,  and  Cyrus  Thomas.  Their  first  bulletin  treats  of 
the  methods  of  destruction  of  the  young  or  unfiedged  locusts; 
and  No.  2  of  their  natural  history  and  habits  in  the  young 
unfledged  state,  with  wood-cuts,  and  a  map  of  the  region  east  of 
the  Rocky  Mountains  overrun  by  the  insect. 

IV.   ASTBONOMY. 

1.  Astronomical  and  Meteorological  Observations  made  during 
ths  year  1874  a«  <Ae  U.  S.  N,  Observatory^  Hear-Admiral  Davis, 
Supt,  Washington,  1877.  —This  volume  contains  the  observa- 
tions of  the  year  1874  at  the  Naval  Observatory,  with  the  reduced 
results.  The  astronomical  work  has  been  mostly  done  by  means 
of  the  three  instruments,  the  transit  circle,  the  26-inch  equatorial, 
and  the  mural  circle.  The  latter  instrument  has  been  under  the 
charge  of  Prof.  Yarnall,  who  is  preparing  a  revised  edition  of  the 
general  catalogue  of  stars  observed  at  the  Observatory.  There 
are  two  appeadices  to  the  volume :  L  Instruments  and  Publications 
of  the  F.  S.  N.  Observatory  (see  p.  242,  vol.  xiii,  of  this  Journal), 
illuRtrated  with  heliotypes  of  the  instruineuts ;  II.  Report  on  the 
difference  of  longitude  between  Washington  and  Ogden,  Utah, 
by  Professor  Eastman.  This  difference  is  found  to  be  2^  19" 
47«-41.  H.  A.  If. 

2.  Relative  ages  of  t?ie  Sun  and  certain  fixed  Stars, — Professor 
KiRKWOOD  closes  a  communication  upon  this  subject  to  the  Amer- 
ican Philosophical  Society  with  the  following  summary  of  his 
conclusions : 

(l.J  The  history  of  the  solar  system  is  comprised  within  twenty 
or  thirty  millions  of  years. 

(2.)  From  the  fact  that  the  larger  component  of  Alpha  Centauri 
radiates  twice  as  much  light  as  the  sun  while  the  mass  of  the 
former  is  less  than  that  of  the  latter,  we  infer  the  probability  that 
our  solar  system  is  the  more  advanced  in  its  physical  history. 

(3.)  61  Cygni  seems  to  have  reached  a  greater  degree  of  con- 
densation than  the  sun,  since,  on  the  hypothesis  of  equal  density, 
the  surface  of  the  larger  member  is  one-third  that  of  the  sun, 
while  the  intrinsic  light  is  less  than  one-ninth. 

(4.)  The  companion  of  Sirius  appears  to  have  reached  a  staee 
of  greater  maturity  than  the  sun,  while  the  contrary  seems  to  be 
true  in  regard  to  the  principal  star.  h.  a.  n. 
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8.  Annals  of  the  Astronomical  Observatory  of  Harvofird  Col- 
leae.  Vols.  VIII  and  X. — The  first  seven  volumes  of  the  Annals 
of  the  Astronomical  Observatory  of  Harvard  College  contained 
the  results  of  the  work  done  under  its  first  two  Directors,  W.  C. 
Bond  and  G.  P.  Bond. 

Three  catalogues  gave  the  observed  places  of  16,084  stars 
observed  in  zones  between  the  equator  and  1^  N.  declination. 
The  great  comet  of  1858,  the  nebula  of  Orion,  and  spots  on  the 
sun,  each  filled  a  volume,  and  the  planet  Saturn  filled  one  part  of 
a  volume.  The  second  part  of  voL  IV  has  not  yet  appeared,  but 
is  in  course  of  publication.  The  eighth  volume  contains  in  its  first 
part  an  historical  account  of  the  Observatory  from  1855  to  1876, 
and  is  richly  illustrated  by  engravings  of  the  instruments  and 
apparatus  of  the  Observatory.  The  second  portion  consists  of  the 
"  Engravings  from  the  Observatory  of  Harvard  College,"  which 
has  been  furnished  separately  to  subscribers,  and  has  been  hereto- 
fore noticed  in  this  Journal  They  are  thirty-five  in  number  (mak- 
ing more  than  fifty  eneravings  m  the  volume),  and  constitute  a 
most  valuable  contribution  to  Descriptive  Astronomy.  The  tenth 
volume  of  the  Annals  contains  the  first  portion  of  the  work,  with 
the  new  Meridian  Circle  under  Prof.  Wmlock.  The  observations 
were  made  in  1871  and  1872  by  Prof.  W.  A.  Rogers,  aided  by 
Mr.  A.  McConnel,  and  the  reduction  of  them  and  the  editing  of 
the  volume  was  by  Prof.  Rogers.  There  were  564  stars  observed, 
mostly  bright  ones.  The  introduction  contains  an  elaborate  com- 
parison of  these  observations  with  the  places  given  for  the  same 
stars  in  twenty-seven  earlier  catalogues.  The  volume  concludes 
with  three  catalogues:  1st,  of  289  primary  stars,  being  those 
which  are  in  the  list  of  fundamental  stars  of  the  Astron.  Gesell- 
schaft ;  2d,  of  the  275  stars  not  in  that  list ;  3d,  of  about  600  stars 
observed  in  R  A.  in  1867  and  1868,  with  the  transit  circle,  by 
Mr.  E.  P.  Austin.  h.  a.  n. 

4.  Meteoric  Fireballs. — Professor  Kirkwood  eives  an  account 
of  eight  large  bolides  between  July,  1876  and  February,  1877,  to 
the  American  Philosophical  Society.  The  more  important  ones 
have  been  noticed  in  this  Journal,  except  one  of  July  8th,  1876, 
at  8»»  45"  p.  M.,  which  from  an  altitude  of  88  miles  passed  N.  78**  W. 
across  the  N.  £.  comer  of  Indiana,  and  exploded  over  Lake  Mich- 
igan at  a  height  of  84  miles.  The  path  was  inclined  21°  to  the 
horizon  ;  no  detonation  reported ;  train  visible  40  minutes. 

5.  On  the  part  of  the  motion  of  the  lunar  perigee  which  is  a 
function  of  the  mean  motions  of  the  JSun  and  Moon  ;  by  G.  W. 
Hill.     Cambridge,  1877.     4**,  pp.  28. — ^The  motion  of  tne  lunar 

erigee  as  observed  does  not  agree  with  any  of  those  computed 
y  theory  within  the  limits  of  error  of  the  observations.  This 
may  be  due  to  not  carrying  the  approximations  far  enough  and 
the  author  undertakes  to  compute  its  value,  so  far  as  it  depends 
on  the  mean  motions  of  the  sun  and  moon,  with  a  degree  of  accu- 
racy that  shall  leave  nothing  further  to  be  desired. 
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6.  Chicago  Observatory. — Referring  to  the  statement  of  Mr. 
Burnham  in  this  number  (p.  31)  we  l^g  of  the  friends  of  science 
in  Chicago  to  see  if  it  is  not  possible  to  secure  for  him  in  some 
way  the  use  of  the  telescope  in  the  Observatory.  For  many 
years  this  large  instrument  (for  a  part  of  the  time  the  largest 
refractor  in  the  world)  has  lain  idle,  not  at  all  to  the  credit  of 
Chicago.  It  should  have  been  steadily  doing  service  in  astrono- 
my, such  service  as  almost  no  other  instrument  can  do.  Mr. 
Burnham  has  shown  that  he  can  do  good  work,  and  the  friends  oi 
science  everywhere  have  a  right  to  complain  that  the  instrument 
lies  idle  when  he  is  willing  to  use  it. 

7.  The  Observatori/y  a  Monthly  Review  of  Astronomy.  Ed- 
ited by  W.  H.  M.  Chkistie,  M.A.  Nos.  1  and  2,  April  and 
May. — This  is  a  new  monthly  of  thirty-two  pages,  published  by 
Taylor  &  Francis,  London.  For  convenience  of  American  sulJ- 
scnbers  currency  will  be  received  at  the  rate  of  one  dollar  for 
three  months'  subscription.  These  two  numbers  contain  accounts 
of  the  April  and  May  meetings  of  the  Royal  Astr.  Soc ;  and  the 
following  besides  other  articles :  Photographic  Spectra  of  Stars,  by 
W.  Huggins ;  Determination  of  the  Solar  Parallax,  by  D.  Gill ; 
the  Twinkling  of  the  Stars,  by  E.  Ledger;  also  Notes,  Corre- 
spondence, Memoranda,  Ephemerides,  &c. 

8.  An  Elementary  IHatise  on  Elliptic  Functions ;  by  Arthur 
Caylby.  Deighton,  Bell  &  Co.  Cambridge  and  London.  8®, 
1876. — There  has  been  hitherto  no  elementary  separate  trea- 
tise in  English  upon  elliptic  functions.  The  thanks  of  mathema- 
ticians are  due  to  Professor  Cayley  for  supplying  the  want.  An 
excellent  feature  of  the  book  is  the  general  outline  which  fills  the 
first  chapter. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  American  Association. — The  American  Association  will  hold 
its  twenty-sixth  meeting  in  Nashville,  during  the  week  commenc- 
ing with  the  29th  of  August.  The  Local  Committee  is  making 
arrangements  for  the  private  entertainment  of  the  members  where 
they  may  desire  it,  and  also  for  free  return  tickets  as  far  as  practi- 
cable, besides  providing,  by  means  of  excursions  and  in  other 
ways,  for  the  pleasure  and  i>rofit  of  those  who  shall  be  present. 
The  president  of  the  meeting  is  Simon  Newcomb,  of  Washington, 
and  the  vice-presidents,  Edwabd  C.  Pickering,  of  Cambridge 
and  O.  C.  Marsh,  of  New  Haven.  Mr.  J.  Berrien  Lindsley  is 
Secretary  of  the  Local  Committee. 

2.  New  American  Scientific  Museums. — A  bill  to  establish  a 
Historical  Library  and  Natural  History  Museum  at  Springfield, 
Illinois,  has  been  passed  by  the  Legislature  of  the  State.  It  appro- 
priates to  it  one  of  the  large  halls  of  the  New  Capitol  building. 
The  valuable  collections  made  in  connection  with  the  geological 
survey  of  the  State,  many  specimens  of  which  are  the  types  of  new 
species  described  in  the  volumes  of  Reports,  will  here  have  safe 
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keeping.  Professor  Worthen  writes,  that  about  it  will  be  built 
up  an  institution  of  science  that  will  be  an  important  addition  to 
the  educational  resources  of  the  West. 

At  St.  Louis,  Missouri,  the  '*St.  Louis  Museum  of  Arts  and 
Sciences"  has  recently  been  instituted.  It  includes  among  its 
officers  the  names  of  prominent  men  of  science  of  Missouri,  and 
promises  to  be  a  center  of  great  scientific  activity. 

8.  Earthquake  oceanic  wave  of  May  dth  and  lOth^  1877. — The 
Monthly  Weather  Review  for  May,  published  by  the  Signal  Ser- 
vice under  Gen.  Albert  J.  Mayer,  contains  many  details  respect- 
ing this  earthquake  wave,  and  a  table  of  data  for  estimating  ap- 
proximately the  velocity.  About  8.60  p.  m.  of  May  9th,  heavy 
earthquake  shocks  were  felt  over  the  region  between  Arica  and 
Mexillones  (border  of  Peru  and  Bolivia).  The  oceanic  wave 
which  immediately  followed  was  of  great  violence  along  the 
adjoinine  South  American  coast,  and  was  felt  also  as  far  north  as 
California,  the  rise  at  Anaheim  (38®  8'),  being  12  feet  in  a  few 
minutes.  The  wave  at  Callao,  Peru,  was  felt  at  11  p.  m.  ;  at  San 
Francisco,  perceptible  at  6^  18'  a.  h.,  May  10,  and  14  inches  in 
rise  (maximum)  at  8**  20';  the  Sandwich  Islands,  on  eastern 
Hawaii,  at  Hilo,  at  4  a.  m.,  and  the  great  wave,  36  feet  high,  came 
in  at  4**  46' ;  at  Honolulu,  first  felt  at  4*^  46',  and  the  great  wave 
at  6\ 

Rev.  T.  Coan,  in  a  letter  to  one  of  the  editors  dated  May  11, 
states  that  "thirty-six  hours  subseijuent to  the  catastrophe  at  Hilo, 
the  pulsations  of  the  tidal  wave  still  continued,  the  incoming  and 
outflowing  wave  occupying  about  an  hour,  the  latter  leaving  the 
channels  nearly  bare." 

4.  A  practical  Treatise  on  Lightning  Protection ;  by  H  enry 
W.  Spang.  180pp.l2^  Philadelphia,  1877.  (Claxton,  Remsen 
So  Haffelfinger.) — This  treatise  discusses  the  various  questions  that 
arise  in  the  construction  of  lightning  rods,  and  their  application 
to  different  kinds  of  structures.  The  great  defect  of  most  light- 
ning rods,  that  of  imperfect  earth  connections,  with  the  remedies, 
are  very  fully  treated.  The  directions  are  such  that  an  intelligent 
mechanic  can  carry  them  into  effect. 

With  many  minor  statements  of  the  author  we  should  not  agree. 
Thus  (p.  176)  he  says,  "  a  building  over  100  feet  square  cannot  be 
properly  protected  unless  in  addition  to  the  conductors  and  earth- 
terminals  upon  the  outside  thereof,  a  suitable  number  of  conductors 
are  emjjloyed  through  the  interior,  etc."  The  book,  however,  as  a 
whole,  is  one  to  be  heartily  commended. 

6.  Natural  Philosophy  for  Beginners ;  Part  I,  the  Properties 
of  Solid  and  Fluid  Bodies ;  by  L  Todhunteb,  M.A.,  F.R.S. 
868  pp.  small  8vo.  London,  1877.  (MacMillan  &  Co.) — The 
character  of  this  little  work  will  be  best  understood  by  the  follow- 
ing quotation  from  the  author's  preface: — "The  design  of  the 
work  is  to  furnish  a  simple  and  trustworthy  manual  for  those  who 
are  beffinninff  the  study  of  natural  philosophy ;  and  it  ventures 
to  claim  a  distinct  position  among  the  numerous  publications 
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which  have  appeared  with  somewhat  similar  aims.  On  the  one 
hand  great  pains  have  been  taken  to  render  the  book  intelligible 
to  early  students ;  the  amount  of  mathematical  knowledge  assumed 
is  merely  a  familiarity  with  the  elements  of  arithmetic.  On  the 
other  hand  the  subject  is  presented,  it  may  be  hoped,  with  ade- 
quate fullness,  so  that  a  p€a*son  who  has  mastered  the  work  will 
have  eained  oonaiderable  acquaintance  with  the  principles  of  nat- 
ural philosophy.  Moreover,  a  collection  of  examples  for  exercise 
(above  500  in  number)  is  added.*'  The  many  excellent  text- 
books of  Frot  Todhunter  are  now  so  well  known  that  it  is  unneces- 
sary to  add  more  than  a  general  commendation  of  the  manner  in 
which  the  author's  plan,  as  above  expressed,  has  been  carried  out. 
The  second  part  of  the  work  is  now  in  the  press. 

6.  2%ird  biennial  R^f>ort  of  the  Vermont  Board  of  AgricuU 
turey  Manufactures  and  Mining^  for  the  years  1876-76.  By 
Henby  M.  Seei.t,  Secretary  of  the  Board.  704  pp.  8vo.  Rut- 
land, 1876. — ^This  volume  is  made  up  of  brief  original  reports  by 
various  citizens  of  Vermont  on  topics  of  general  interest  con- 
nected especially  with  agriculture,  and  to  some  extent  with  manu- 
factures. Among  the  interesting  chapters  there  is  one  on  the  relsr 
tion  of  be€8  to  fruit  culture,  by  J.  E.  Crane,  of  Bridport ;  others 
— on  an  analysis  of  fertilizers,  by  Prof  Seely ;  Pisciculture  with 
reference  to  farming,  by  Q.  B.  French,  of  Woodstock ;  Experiments 
in  the  hybridization  of  cereals,  by  C.  G.  Pringle,  of  Charlotte; 
Insects  injurious  to  the  potato  and  apple,  by  Prof  G.  H.  Perkins. 

7.  Transactions  of  the  Wisconsin  Academy  of  ScienceSy  Arts 
and  Letters.  Vol  III,  1876-76.  270  pp.  8vo.  Madison,  Wiscon- 
sin.— Among  the  ompnal  scientific  papers  in  this  volume  there 
are  the  following:  Kaolin  in  Wisconsin,  by  R.  Irving;  on  the 
Geoloey  of  Northern  Wisconsin,  by  E.  T.  Sweet;  on  some  of  the 
small  lakes  of  Wisconsin,  by  I.  A.  Lapham ;  on  Copper  tools 
found  in  Wisconsin,  by  J.  D.  Butler ;  Report  of  Committee  on 
Exploration  of  Indian  Mounds  in  the  vicinity  of  Madison. 

8.  Journal  of  the  Academy  ofNiUurcU  Sciences  of  Philaddphiay 
Vol.  VTII,  part  2. — This  part  contitins  papers  on  Batrachia  and 
Reptilia  of  Costa  Rica  and  elsewhere,  by  K  D.  Cope;  on  the 
Ichthyology  of  Lake  Titicaca,  by  the  same ;  and  a  aescriptive 
catalogue  of  the  Scalidee  of  the  West  India  Islands,  by  O.  A.  L. 
Mdrch. 

Manchester  Science  Lectures  for  the  People.  Eighth  series,  1876-77,  in  pam- 
phlets of  46  to  64  pages,  ]2mo. — ^Why  the  Earth's  Ohemistry  is  as  it  is;  tiiree 
lectures  by  J.  Norman  Looktbb,  F.R.8.  ;  60  pp. — ^The  Succession  of  Life  on  the 
Earth;  three  lectures  by  Professor  W.  G.  Willluibon,  F.R.S. ;  62  pp.— Technical 
Chemistry,  by  Professor  Bosoob,  F.B.S.,  46  pp.  MacmiJlan  k  Co^  London  and 
New  York. 

OBITUABT. 

Elkanah  Billings. — ^The  decease  of  Mr.  Billings  a  year  since, 
at  Montreal,  was  announced  in  this  Journal,  in  volume  zii,  at  paee 
80.  We  are  indebted  to  his  successor  as  paleontologist  in  the 
Canada  GkK>lofldcaI  Survey,  Mr.  J.  F.  YHiiteaveSy  for  the  following 
facts  connected  with  his  labors  in  science. 
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Mr.  Billings  was  born  near  Ottawa  City,  on  the  6th  of  May, 
1820,  and  died  on  the  14th  of  June,  1876.  In  1839  he  com- 
menced the  study  of  law,  and  for  seven  years,  beginning  with 
1844,  his  pursuit  was  that  of  a  barrister.  For  the  four  years 
following  ne  added  the  duties  of  editor  of  the  "Ottowa  Cit- 
izen." But  between  1852  and  1866  a  large  proportion  of  his  time 
was  deTOted  to  the  collection  and  study  of  the  Lower  Silurian 
fossils  of  the  country  about  Ottawa  City,  and  this  brought  him 
into  familiar  correspondence  with  Sir  William  Logan,  and  led  to 
his  appointment,  in  1866,  to  the  position  of  paleontologist  of  the 
Geological  Survey  of  Canada.  Ue  had  been  elected  a  member 
of  the  Canadian  Institute  of  Toronto  in  1864,  and  published  the 
same  year,  in  its  Journal,  his  first  paleontological  paper — "  On 
some  Genera  and  Species  of  Cystidea  from  the  Trenton  limestone." 
In  1 866,  he  commenced  the  pablication  of  the  ^'  Canadian  Naturalist 
and  Geologist ;"  but  he  was  relieved  of  the  responsibility  of  editor 
the  following  year  by  a  committee  of  the  Natural  History  Society 
of  Montreal,  while  continuing  to  be  a  large  contributor  to  its 
pages.  With  the  exception  of  part  of  the  year  1868,  which  was 
spent  in  Great  Britain  and  Pans,  studying  and  comparing  such 
foreign  and  North  American  British  fossils  as  threw  light  on 
Canadian  species,  the  remainder  of  his  life  was  passed  at  Mon- 
treal, in  the  study^  of  the  Canadian  collections,  and  in  excursions 
among  the  fossiliferous  rocks  of  Canada  and  adjoining  portions 
of  the  United  States.  Besides  numerous  papers  contnbuted  to 
the  Canadian  Journal  of  Toronto,  the  Canadian  Naturalist  of 
Montreal,  the  Geological  Magazine,  and  to  the  pages  of  this 
Journal,  ne  published  the  following  more  extended  memoirs :  An 
illustrated  monograph  of  Lower  Suurian  Cystidea  and  Asteriadie, 
and  on  the  Crinoidea  of  the  same  formation :  these  two  memoirs  con- 
stituting Decades  3  and  4  of  ^^ Canadian  Organic  Remains;"  Palaeo- 
zoic Fossils,  vol  i,  626  pp.  8vo,  with  numerous  figures,  1866, 
and  vol  ii,  part  1,  144  pp.  8vo,  with  nine  plates  and  many 
wood-cuts,  1874;  and  "Catalogues  of  the  Silurian  Fossils  of  the 
Island  of  Anticosti." 

Mr.  Billings's  knowledge  of  the  invertebrates  of  the  Silurian  and 
Devonian  formations  was  extensive  and  profound,  and  his  descrip- 
tions of  fossils  are  both  lucid  and  scrupulously  accurate.  To  his 
critical  acumen  we  are  indebted  for  a  very  considerable  part  of 
our  knowledge  of  American  paleontology ;  and  especially  for  his 
elaboration  of  the  remarkable,  and  still  somewhat  enigmatical, 
fauna  of  the  Quebec  Group,  of  the  south  shore  of  the  St  Lawrence, 
in  Eastern  Canada,  and  of  the  northern  extremity  of  Newfound- 
land. His  paper  **on  the  remains  of  the  Fossil  Elephant  found  in 
Canada,"*  ana  another  on  the  bones  of  a  Beluga  dug  up  at  Corn- 
wall (OntaricA,f  show  that  he  was  well  versed  in  comparative 
osteology,  and  manjr  of  his  earlier  contributions  to  the  "  Canadian 
Naturalist "  bear  witness  to  the  eagerness  with  which  he  prose- 

*  Canadian  Naturalist,  Krst  Series,  vol  viii,  1863. 

t  Bead  before  the  Katoral  History  Sodetf  of  Montreal,  hut  never  published. 
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cuted  his  zoological  studies.  Entomolo^  and  miDeralogy  were 
favorite  departments  of  science  with  him,  and  he  made  at  one 
time  a  tolerably  complete  collection  of  Canadian  Coleoptera, 
which  he  presented  to  the  Natural  History  Society  of  Montreal 
a  few  years  before  his  death. 

For  many  years  Mr.  Billings  was  one  of  the  Vice-Presidents  of 
the  Natural  History  Society  of  Montreal  He  was  frequently 
pressed  to  accept  the  office  of  President,  but  invariably  declined. 
He  was  elected  a  Fellow  of  the  Geological  Society  of  London  in 
1868.  The  silver  medal  of  the  Montreal  Natural  History  Society 
was  voted  him  by  the  members  at  the  annual  meeting  held  in 
1867,  by  way  of  testifying  to  their  appreciation  of  "his  long 
continued  and  successful  labors  for  the  promotion  of  science  in 
Canada.'' 

Mr.  Billings  possessed  great  firmness  and  strength  of  character 
coupled  with  a  winning  simplicity  of  manner  and  unaffected 
moaesty.  To  these  traits  were  added  inflexible  love  of  truth  and 
justice,  disinterested  and  self-sacrificing  zeal  for  the  acquisition  of 
Knowledge,  and  untiring  industry  in  his  pursuits. 

In  1846  Mr,  Billings  married  a  sister  of  Mr.  Wilson,  of  Toronto, 
now  the  Hon.  Judge  Wilson,  but  then  the  junior  partner  in  the 
legal  firm  of  Messrs.  Baldwin  &  Wilson,  in  whose  office  he  studied 
the  last  year  prior  to  his  beine  called  to  the  bar.  Since  his  decease 
the  members  of  the  Natural  History  Society  of  Montreal  have 
passed  resolutions  expressing  their  high  estimation  of  his  personal 
character  and  writings;  and  a  few  of  his  more  intimate  fnends  in 
the  society  have  subscribed  for  a  fine  life-sized  portrait  of  their 
distinguished  associate,  which  now  adorns  its  lecture  room. 

Colonel  Ezekibl  Jkwett,  died  at  Santa  Barbara,  Cal.,  May 
18th,  aged  86.  He  was  bom  at  Rindge,  N.  H.,  Oct  16,  1791.  He 
was  an  officer  in  the  U.  S.  army  in  the  war  of  1812,  and  afterward 
took  part  in  the  Chilian  war,  under  Gen.  Carrera.  He  has  long 
been  well  known  to  geologists  and  conchologists  as  an  enthusi- 
astic and  indefatigable  collector  of  fossils  and  shells.  An  exten* 
sive  geological  collection,  made  by  him,  is  now  the  property  of 
Cornell  University.  For  several  years  past  he  has  devoted  him- 
self entirely  to  concholo^  and  had  accumulated  a  valuable  col- 
lection of  shells,  embracing  over  12,000  species.  He  collected  ex- 
tensively on  the  west  coast  of  Florida. 

Dr.  rHiLEP  P.  Carpenter,  one  of  the  ablest  modem  concholo- 
gists, well  known  especially  for  his  several  excellent  works  on  the 
mollusca  of  the  west  coast  of  North  America,  died  at  Montreal, 
May  24th,  aged  fifty-eight.  A  more  extended  notice  is  necessarily 
deferred  to  another  number. 

Robert  Dale  Owen,  died  on  the  24th  of  June,  at  his  summer 
residence  on  Lake  George,  at  the  age  of  seventy-six. 
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Art.   XL  —  Principal  Characters  of  the   Corypliodontidoe ;    by 
Professor  O.  C.  Marsh.     With  plate  IV. 

Near  the  base  of  the  Eocene,  in  the  Eocky  Mountain  region, 
are  numerous  remains  of  a  well  marked  group  of  mammals 
which  the  writer  has  termed  the  Ooryphodontidce*  These  animals 
are  of  peculiar  interest,  both  on  account  of  their  structure  and 
affinities,  and  especially  as  they  are  among  the  oldest  of  Ter- 
tiary Mammals,  and  mark  a  definite  geological  horizon  in  this 
country  and  Europe.  Only  the  single  genus,  Cbryphodon,  is 
known,  and  this  was  established,  in  1846,  by  Owen,  who  de- 
scribed a  characteristic  fragment  of  a  lower  jaw  from  the  Lon- 
don Clay  of  England-t  Other  imperfect  specimens  were  sub- 
sequently found  in  France,  and  fully  described  bv  H6bert,:|:  but 
up  to  the  present  time  very  little  is  known  of  this  genus  from 
European  specimens. 

The  identification  of  the  American  remains  with  the  genus 
CorypJiodon  of  Owen,  and  the  determination  thereby  of  a  definite 
horizon,  common  to  the  two  countries,  and  containing  the 
oldest  known  Tertiary  Mammals,  was  published  by  the  writer 
in  April,  1876,  and  subsequently  in  the  following  number  of 
this  Journal  (vol.  xi,  p.  425. )§ 

The  Museum  of  Yale  College  contains  a  large  collection  of 
Garyphodon  remains  from  Utah,  Wyoming,  and  New  Mexico, 
and  this  material  is  amply  sufficient  to  indicate  all  the  more 
important  characters  of  tne  group.  Among  these  specimens  are 
portions  of  the  same  individuals  describea  by  Cope  under  the 
names  Baihmodcni  and  Loxolophodon^\  both  of  which  are  syno- 
nyms of  Coryphodon^  as  the  remains  on  which  they  were  baseil 
cfearlv  belong  to  that  genus.  One  of  the  species  best  repre- 
sen  tea  in  the  Yale  collection  is  Coryphodon  hamaius  Marsh,  and 
this  has  afibrded  many  of  the  characters  given  below. 

*Thi8  Jounial,  vol  xi,  p.  428,  May,  1876. 

•f  British  Fossil  Mammalfl  and  Birds,  p.  299. 

z  Annales  des  Scienoes  Naturelles,  tome  yi,  p.  87,  1856. 

§  In  the  American  Katnralist  (vol.  xi,  p.  96),  Prof.  Cope  has  reoentlj  claimed 
this  discovery  on  the  strength  of  a  pi^r  which  he  read  before  the  Spring  Meeting 
of  the  National  Academy,  in  1 876.  He  knew,  however,  at  the  time  that  my  article 
was  already  published,  and  during  the  reading  of  his  paper,  a  printed  copy  of 
my  publication  was  in  the  room,  in  the  hands  of  a  member. 

I  Proceedings  American  Philosophical  Society,  1872,  p.  420. 

Am.  Joor.  Sot.— Third  Sbribs,  Vol.  XIV,  No.  79.~Jult,  1877. 
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The  skull  of  Coryphodon,  in  all  its  more  important  characters, 
is  of  the  perissodactyl  type.  It  is  elongated,  and  the  facial 
portion  is  most  produced.  A  line  drawn  from  the  lower  mar- 
gin of  the  foramen  magnum  along  the  palate  is  nearly  straight. 
The  zygomatic  arches  are  expanded,  but  the  malar  is  compara- 
tively slender,  and  unites  with  the  maxillary  in  front  of  the 
orbit.  The  general  form  of  the  skull  is  shown  in  the  accom- 
panying plate,  figure  JL.  The  maxillaries  are  massive,  and 
usually  deeply  indented  on  the  sides  behind  the  canines.  The 
lachrjrmal  forms  the  anterior  border  of  the  orbit,  and  its  fora- 
men is  inside  the  orbital  margin.  The  nasals  are  slender  in 
front,  and  broad  posteriorly.  The  premaxillaries  are  expanded 
transversely,  and  the  nanal  aperture  is  wide.  The  occipital 
condyles  are  well  separated,  and  there  are  condylar  foramina. 
Between  the  basispnenoid  and  the  periotic,  there  is  a  large 
opening.     There  is  a  paroccipital,  and  a  post-glenoid  process. 

The  dental  formula  of  Coryphodon  is  as  follows : 

3  1  4-  S 

Incisors  --;  canines  —-;  premolars  --;  molars  --;  X  2  =:  44. 

The  teeth  in  American  specimens  do  not  dififer  essentially 
from  those  described  by  Owen  and  H6bert,  which  are  well  repre- 
sented in  the  memoir  of  the  latter  author,  cited  above. 

The  brain  cavity  in  Coryphodon  is  perhaps  the  most  remark- 
able feature  in  the  genus,  and  indicates  that  the  brain  itself 
was  of  a  very  inferior  type.  It  was  quite  small,  as  in  all 
Eocene  mammals,  but  its  most  striking  features  were  the  small 
size  of  the  hemispheres,  and  the  expanded  cerebellum.  The 
form  and  relative  size  of  these  are  shown  in  the  accompanying 
plate,  figure  1. 

The  olfactory  lobes  were  large,  and  entirelv  in  advance  of 
the  hemispheres.  They  were  bounded  in  front  oy  a  well  ossified 
cribriform  plate,  and  partially  separated  by  a  vertical  bony  sep- 
tum. The  cerebral  lobes  were  ovate  in  form,  and  very  small,  a 
transverse  section  exceeding  but  little  that  of  the  medullar 
opening.  In  shape  and  relative  size,  the  hemispheres  and  olfac- 
tory lobes  of  this  genus  are  somewhat  similar  to  those  of  Dino- 
ceras.  The  cerebellum  was  proportionally  large,  and  widely 
expanded  transversely.  Its  peculiar  form  is  shown  in  figure  1, 
which  is  drawn  from  a  cast  of  the  brain-cavity  of  C  hamattis. 
This  portion  of  the  brain  nearlv  or  quite  equaled  the  hemi- 
^heres  in  size,  thus  differing  widely  from  any  Known  mammal. 
There  is  a  well  marked  pituitary  fossa,  but  no  clinoid  process. 
The  foramina  for  the  exit  of  the  optic  nerves  are  small,  but  for 
the  others  very  large.  The  brain  as  a  whole  was  very  low  in 
grade,  and  precisely  such  as  might  be  expected  in  a  mammal 
from  the  oldest  Tertiary  deposits. 
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These  essential  characters  of  the  brain  of  Coryphodon  were 
determined  and  published  by  the  writer  more  than  a  year  ago, 
with  figures  of  a  very  perfect  cast  of  the  brain-cavity.  (This 
Journal,  vol.  xi,  p.  427.)  Two  skulls,  in  remarkable  preserva- 
tion, were  examined  during  the  investigation,  and  the  results 
have  since  been  confirmed  by  other  specimens  in  the  Yale 
Museum. 

These  facts  are  important,  since  Cope  has  recently  published 
a  paper  on  the  same  subject,  and  given  descriptions  and  figures 
of  the  brain  case  of  Coryphodon  which  difler  materially  from  my 
own.*  He  makes  no  reference  to  my  article,  although  perfectly 
familiar  with  it.  A  comparison  of  his  figures  with  the  speci- 
mens mentioned  above,  shows  at  once  that  he  has  made  most 
serious  mistakes  in  his  observations.  What  he  represents  Jts 
olfactory  lobes,  are  unlike  anything  in  nature,  and  are  merely 
a  cast  from  an  imperfect  skull  in  which  the  mesethmoid  septum, 
and  the  cribriform  plate  are  both  evidently  imperfect  or  want- 
ing. Similar  errors  are  apparent  in  other  portions  of  the 
figures,  and  his  classification,  based  on  these  and  like  observa- 
tions, is  untenable,  as  the  known  facts  are  against  it. 

The  vertebrae  of  Coryvhodon^  in  their  more  important  charac- 
ters, resemble  those  of  IHnoceras,  The  cervicals  are  proportion- 
ately longer.  The  odontoid  process  of  the  axis  is  a  short  peg. 
The  articular  faces  of  the  cervicals  and  dorsals  are  nearly  flat. 
The  caudals  indicate  a  tail  of  moderate  length. 

The  limbs  of  Coryphodon  were  comparatively  short.  The 
scapula  is  acuminate  above,  as  in  IHnoceras  and  the  Ele- 
phant The  humerus  is  much  less  massive  than  in  Dinooeras^ 
but  otherwise  resembles  it  The  deltoid  ridge  extends  beyond 
the  middle  of  the  shaft.  The  distal  end  of  the  humerus  is  com- 
pressed antero-posteriorly,  and  the  ulnar  side  of  the  articulation  . 
IS  much  more  prominent  than  the  radial,  thus  approaching  the 
Rhinoceros  where  it  departs  from  Dinoceras.  The  radius  is 
proximally  smaller,  compared  with  the  ulna,  than  in  Rhinoceros. 
Its  distal  end  is  larger  than  that  of  the  ulna. 

The  femur  of  Coryphodon  is  of  the  perissodactyl  type,  and 
has  a  distinct  third  trochanter.  The  tioia,  when  in  position, 
was  not  in  the  same  line  with  the  femur,  as  in  Dinoceras  and 
the  Elephant,  but  was  inclined  at  a  moderate  angle.  The  fibula 
was  entire,  and  its  distal  end  articulated  with  both  the  astrag 
alus  and  calcaneum. 

The  feet  of  Coryphodon,  hitherto  essentially  unknown,  resem- 
ble most  nearly  those  of  Dinoceras,  and  can  perhaps  be  best 
illustrated  by  a  direct  comparision  with  them.  In  the  follow- 
ing figures  (see  plate  iv),  the  feet  of  these  two  genera  are  placed 
side  by  side,  and  in  the  same  position.  The  main  points 
of  difference  between  them  are  stated  below. 

*  Proceedings  American  Philosophical  Society,  p.  616,  18*77. 
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The  manus  and  pes  of  Coryphodon  had  each  five  short  digits. 
The  carpal  bones  are  shorter,  measured  in  the  line  of  the  foot, 
than  in  Dinoceras,  and  the  distal  row  present  more  curved 
articular  faces  to  the  metacarpal  bones,  indicating  greater  free- 
dom of  motion.  The  pyramidal  is  destitute  of  the  tubercle 
projecting  outward  and  forward  for  the  support  of  the  fifth 
digit,  seen  in  Dinoceras.  The  metapodial  bones  and  phalanges 
are  throughout  less  roughened  and  tubercular  than  in  Dinoceras^ 
and  all  their  articular  faces  indicate  greater  flexibility  in  the 
feet  The  ungual  phalanges  expand  laterally  for  the  support 
of  the  hoofs,  instead  of  being  rounded,  as  in  Dinoceras. 

In  the  hind  foot,  the  astragalus,  and  in  a  less  degree  the 
cuboid  and  navicular  bone§  are  shorter,  along  the  line  of  the 
foot,  than  the  corresponding  bones  of  Dinoceras.  The  astragalus 
has  the  tibial  articulation  less  convex,  and  the  fibular  articula- 
tion more  extensive,  covering  the  whole  exterior  or  fibular  side 
of  the  bone.  The  navicular  and  cuboid  faces  are  more  dis- 
tinctly separated,  and  make  a  greater  angle  with  each  other 
than  in  Dinoceras,  The  calcaneum  approaches  the  ordinary 
perissodactyl  type,  the  shaft  being  much  longer  than  in  Dino- 
ceras, and  the  tubercular  surface  below  for  the  support  of  a 
plantar  pad,  seen  in  the  Elephant  and  Dinoceras^  is  undeveloped. 
The  cuboid  is  of  peculiar  shape,  being  sub-triangular.  The 
calcaneal  face  is  long  and  oblique,  reaching  nearly  to  the  face 
for  the  fifth  metatarsal.  Both  the  metatarsal  articulations  are 
essentially  in  one  plane,  and  are  separated  only  by  a  very  slight 
ridge.  The  navicular  articulates  very  slightly,  if  at  all,  with  the 
cuboid,  but  covers  the  face  of  the  astragalus,  and  fully  supports 
the  ectocuneiform.  The  latter  bone  is  not  at  all  supported  by 
the  astragalus,  as  asserted  by  Cope  (Catalogue  of  Vertebrata  of 
.  the  Eocene  of  New  Mexico,  p.  27).  He  has  also  published  a 
remarkable  figure  of  the  hind  foot  of  Coryphodon  (Bathmodon), 
showing  the  nallux  with  three  phalanges,  and  the  fifth  digit 
reduced  to  a  rudiment  (loc.  cit,  p.  28). 

The  average  size  of  the  animals  of  this  genus  was  about  that 
of  the  existing  Tapir.  Some  were  smaller,  and  others  nearly 
twice  as  larga     Their  mode  of  life  was  probably  similar. 

A  careful  consideration  of  the  characters  of  Coryphodon^  so 
far  as  now  known,  indicates  that  the  genus  represents  a  distinct 
family  of  perissodactyl  Ungulates,  the  Coryphodontidce.  The 
skull  is  clearly  of  this  type,  and  the  skeleton  and  feet  present 
no  difierences  sufficiently  important  to  justify  a  separation  from 
that  natural  order.  Only  a  slight  modification  of  the  limits  of 
the  Perissodactyla^  would  bring  this  five-toed  genus  into  it,  and 
simplify  classification. 

The  geological  horizon  of  Coryphodon  in  this  country  is  near 
the  base  of  the  Eocene,  in  the  strata  named  by  the  Survey  of 
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the  Fortieth  Parallel,  under  Clarence  King,  the  Vermillion 
Creek  series,  and  by  Hayden  the  Wasatch  group.  The  known 
localities  are  in  Utah,  Wyoming  and  New  Mexico.  Among 
the  associate  mammals  are  the  equine  Eohippns^  and  the  suilline 
Helohyus^  showing  clearly  that  we  must  look  to  Cretaceous 
strata  at  least  for  the  parent  form  of  the  Ungulates. 
Yale  College,  June  12tb,  1877. 


Art.  XII. — Characters  of  the  Odontornithes^  wWi  Notice  of  a  new 
allied  Oenus;  by  Profesaor  O.  C.  Marsh.     With  plate  V. 

The  Cretaceous  birds  with  teeth,  (Odontornithes),  described 
by  the  writer,  prove  on  careful  investigation  to  possess  some 
important  characters  in  addition  to  those  already  published.* 
This  is  especially  true  of  Hesperornis,  which  is  now  represented 
in  the  Yale  College  Museum  by  so  large  a  number  of  specimens 
that  almost  every  part  of  the  skeleton  is  known,  and  all  the 
more  important  points  in  its  structure  have  been  determined. 

The  most  marked  features  in  this  genus  already  announced, 
are :  the  teeth  in  grooves ;  sternum  without  keel,  and  rudi- 
mentary wings ;  and  posterior  limbs  closely  resembling  those 
of  modem  diving  birds.  The  last  character,  which  seemed  at 
first  sight  to  indicate  the  near  affinity  of  Hesperornis  with  the 
Golymbidce,  proves  to  be  only  an  adaptation ;  while  the  skull, 
scapular  arch,  and  other  important  portions  show  unmistak- 
ably that  the  nearest  existing  allies  of  the  genus  are  the  Batitce^ 
or  Ostrich  group,  the  most  reptilian  of  modern  birds.  The 
characters  that  show  this  affinity  are  nearly  identical  with  those 
laid  down  to  distinguish  the  natiUje  by  Huxley  in  his  impor- 
tant memoir  on  the  Classification  of  Birds.t  They  may  be 
briefly  stated  as  follows  : 

1.  The  sternum  is  devoid  of  a  crest 

2.  The  long  axes  of  the  adjacent  parts  of  the  scapula  and 
coracoid  are  parallel,  or  identical. 

3.  The  posterior  ends  of  the  palatines,  and  the  anterior  ends 
of  the  pterygoid  are  very  imperfectly,  or  not  at  all,  articu- 
lated with  the  basisphenoid  rostrum. 

4.  Strong  "basi  pterygoid''  processes,  arising  from  the  body  of 
the  basisphenoid,  and  not  from  the  rostrum,  articulate  with 
facets  which  are  situated  nearer  the  posterior  than  the  anterior 
ends  of  the  inner  edges  of  the  pterygoid  bones. 

5.  The  upper,  or  proximal,  articular  head  of  the  quadrate 
bone  is  not  divided  into  two  distinct  facets. 

*  This  Journal  vol.  x,  p.  403,  Nov.,  1875. 

f  Proceedings  Zoological  Society,  1867,  p.  448. 
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The  vomers  are  separate,  as  in  lizards  and  a  few  modem  birds. 
In  the  pelvic  arch,  the  ilium,  ischium  and  pubis  are  free  at  their 
distal  ends,  as  in  the  Emu,  and  the  acetabulum  is  perforated 
only  by  a  moderate  foramen. 

The  scapular  arch  of  Hesperornis  is  represented  in  plate  V, 
figure  1.  Its  position  in  the  skeleton  is  shown  in  the  restora- 
tion, figure  2. 

The  scapula  is  long  and  slender,  and  has  no  acromial  process. 
The  clavicles  are  separate,  but  meet  on  the  median  line,  as  in 
some  very  young  existing  birds.  The  coracoids  are  short,  and 
much  expanded  where  they  join  the  sternum.  The  latter  has 
no  distinct  manubrium,  and  is  entirely  without  a  keel.  The 
wings  were  represented  by  the  humerus  only,  which  is  long 
and  slender,  and  without  any  trace  of  articulation  at  its  distal 
end.  Its  position  was  close  to  the  ribs,  and  it  was  probably 
nearly  or  Quite  concealed  beneath  the  integuments,  as  in 
Apteryx,  This  rendered  the  rudimentary  wings  of  no  possible 
service  in  flight  or  swimming. 

Baptomia  (idventis^  gen.  et  sp.  nov. 

The  existence  of  a  small  swimming  bird  cotemporary  with 
Hesp€J*omis  is  indicated  by  a  nearly  perfect  tarso-metatarsal 
bone  from  the  same  geological  horizon.  This  specimen, 
although  pertaining  to  a  bird  not  fully  adult,  is  in  excellent 

Preservation,  and  is  so  characteristic  that  it  may  be  readily 
istinguished  from  any  forms  already  described. 
In  general  shape  and  proportions,  this  bone  most  nearly 
resembles  the  corresponding  part  in  Hesperornis^  but  difTers  from 
it  decidedly  in  the  outer  metatarsal,  which  at  its  lower  end 
scarcely  equals  the  adjoining  one  in  size  and  length.  In  Hesper- 
ornis,  on  the  contrary,  the  outer  metatarsal  is  more  than  double 
the  size  of  the  third.  In  the  present  specimen,  the  three  trochlear 
articulations  of  the  distal  ends  are  nearly  equal.  The  existence 
of  a  hallux  is  indicated  by  a  small  elongated  depression  on  the 
inner  metatarsal,  a  short  distance  above  the  articulation.  As 
in  Hesperornis^  there  are  no  canals  or  grooves  for  tendons  on 
the  posterior  face  of  the  proximal  end. 

The  principal  dimensions  of  this  tarso-metatarsal  are  as 
follows : — 

Entire  length 76 

Transverse  diameter  of  proximal  end 17* 

Antero-posterior  diameter  8* 

Length  of  second  metatarsal 64*6 

Length  of  third  metatarsal 72* 

Length  of  fourth  metatarsal 72* 

Antero-posterior  diameter  of  distal  articulation  of  second 
metatarsal 8*5 
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Transverse  diameter ---  S'™*" 

Antero-posterior  diameter  of  distal  articulation  of  third 

metatarsal S*2 

Transverse  diameter 6* 

Antero-posterior  diameter  of  distal  articulation  of  fourth 

metatarsal 0* 

Transverse  diameter 6*5 

This  specimen  indicates  a  bird  about  as  large  as  a  loon,  and 
apparently  of  similar  habits.  The  locality  of  the  only  remains 
at  present  known  is  in  Western  Kansas,  in  the  same  Cretaceous 
beds  that  contain  the  Odontornithes  and  Pteranodontia, 


Art.  Xni. — Notice  of  a  new  and  Qigantic  Dinosaur ;  by 
Professor  0.  C.  Marsh. 

The  Museum  of  Yale  College  has  recently  received  from  the 
Cretaceous  deposits  of  Colorado  a  collection  of  reptilian  remains 
of  much  interest.  Among  these  specimens  are  portions  of  an 
enormous  Dinosaur,  which  surpassed  in  magnitude  any  land 
animal  hitherto  discovered.  The  most  characteristic  bones 
preserved  are  portions  of  the  sacrum,  and  posterior  limbs.  The 
former  is  represented  by  the  last  two  vertebrae  with  their 
transverse  processes,  nearly  complete,  and  by  other  fragments. 
The  last  sacral  vertebra  has  its  centrum  moderately  concave 
below  on  each  side  of  the  median  line,  but  only  near  its  ante- 
rior end  can  indications  of  a  keel  be  observed.  The  next  sacral 
vertebra  has  its  inferior  lateral  surface  so  deeply  concave  as  to 
materially  lessen  its  bulk.  This  is  also  true  of  the  next  ante- 
rior centrum,  and  may  be  considered  a  distinctive  character  of 
these  vertebrae.  A  more  important  character  of  the  same 
centra  is  a  very  large  cavity  in  each  side,  connected  with  the 
outer  surface  by  an  elongated  foramen,  below  the  base  of  the 
neural  arch.  The  inner  surface  of  this  cavity  indicates  that  it 
was  not  filled  by  cartilage,  and  it  probably  was  a  pneumatic 
opening,  designed  to  lessen  the  weight  of  the  enormous  sacral 
mass.  The  transverse  processes  of  these  vertebrae  are  very  stout, 
and  of  moderate  length.  Their  distal  ends  are  firmly  codssi- 
fied,  forming  a  powemil  support  for  the  ilium.  Between  these 
processes  are  large  oval  openings. 

The  following  measurements  give  the  more  important  dimen- 
sions of  these  interesting  fossils : 

Length  of  centrum  of  last  sacral  vertebra  ...   I.  300*  """ 

Transverse  diameter  of  distal  end 270* 

Vertical  diameter  of  distal  end 260* 

Distance  between  extremities  of  transverse  processes 850* 
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Length  (approximate)  of  next  sacral  vertebra ■  280*  "" 

Transverse  diameter  of  posterior  end 200* 

Least  transverse  diameter  of  centrum > 86* 

Distance  between  extremities  of  transverse  processes  —  680- 
Antero-posterior  diameter  of  opening  between  transverse 

processes  of  above  vertebrae 150* 

Tranverse  diameter 115* 

Antero-posterior  diameter  (approximate)  of  shaft  of  femur  230- 
Tranwverse  diameter 350* 

These  dimensions  would  indicate  for  the  entire  animal  a 
length  of  probably  fifty  t6  sixty  feet  It  was  apparently  an 
herbivorous  reptile,  and  as  it  is  quite  distinct  from  any  hitherto 
described,  the  species  may  be  called  Titanosaurus  montanus. 
Tt  was  perhaps  a  distant  ally  of  the  comparatively  small 
Hadrosaurus  agilis  Marsh,  the  only  Dinosaur  hitherto  found 
in  the  Cretaceous  of  Kansas. 

With  the  remains  here  described  were  found  portions  of  a 
much  smaller  carnivorous  rieptile  of  the  same  order,  which 
apparently  belongs  to  the  genus  named  by  Cope  Loelaps.* 
These  remains,  with  those  already  noticed,  will  soon  be  more  fully 
described  by  the  writer.  Their  locality  is  in  the  Dakota  group 
of  Colorado,  on  the  eastern  flanks  of  the  Rocky  Mountains, 
where  they  were  discovered  by  Professor  Arthur  Lakes  and 
Captain  H.  C.  Beckwith,  U.  S.  N. 

Yale  College,  New  Haven,  June  20tb,  1877. 

*  This  name  Loelaps  is  preoccupied,  having  been  used  by  Koch  in  1835,  and 
again  by  Walker  in  1843.  It  may,  therefore,  be  replaced  by  Dryptosawms.  This 
genus  is  allied  to  Megaloaawrus^  and  is  represented  in  American  Cretaceous  strata 
by  several  species,  among  them  Dryptosaurua  aquihmguis. 
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Aet.  XIV. — Discovery  of  Oxygen  in  the  Sun  by  Photography,  and 
a  new  Theory  of  the  Solar  Spectrum  ;*  by  Professor  Henry 
Draper,  M.i). 

I  PROPOSE  in  this  preliminary  paper  to  indicate  the  means 
by  which  I  have  discovered  oxygen  and  probably  nitrogen  in 
the  sun,  and  also  to  present  a  new  view  of  the  constitution  of 
the  solar  spectrum. 

(key gen  discloses  itself  hy  bright  lines  or  hands  in  the  solar  spec- 
trum^ and  does  not  give  dark  absorption  lines  like  the-  metals. 
We  must  therefore  change  our  theory  of  the  solar  spectrum 
and  no  longer  regard  it  merely  as  a  continuous  spectrum  with 
certain  rays  absorbed  by  a  layer  of  ignited  metallic  vapors,  but 
as  having  also  bright  lines  and  bands  superposed  on  the  back- 
ground of  continuous  spectrum.  Such  a  conception  not  only 
opens  the  way  to  the  discovery  of  others  of  the  non-metals, 
sulphur,  phosphorus,  selenium,  chlorine,  bromine,  iodine, 
fluorine,  carbon,  etc.,  but  also  may  account  for  some  of  the 
so-called  dark  lines  by  regarding  them  as  intervals  between 
bright  lines. 

It  must  be  distinctly  understood  that  in  speaking  of  the 
solar  spectrum  here,  I  do  not  mean  the  spectrum  of  any  limited 
area  upon  the  disc  or  margin  of  the  sun,  but  the  spectrum  of 
light  from  the  whole  disc.  I  have  not  used  an  image  of  the 
sun  upon  the  slit  of  the  spectrocope,  but  have  employed  the 
beam  reflected  from  the  flat  mirror  of  the  heliostat  without  any 
condenser. 

*  Read  before  the  American  Philosophical  Sodety,  July  20th,  1877. 
Am.  Joub.  Sgi.— Third  Sbbibs,  Vol.  XTV,  No.  80.— August,  1877. 
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In  support  of  the  above  assertions  the  accompanying  photo- 
graph of  the  solar  spectrum  with  a  comparison  spectrum  of  air, 
and  also  with  some  of  the  lines  of  iron  and  aluminium,  is  intro- 
duced. The  photograph  itself  is  absolutely  free  from  hand- 
work or  retouching.  It  is  difficult  to  bring  out  in  a  single 
photograph  the  best  points  of  these  various  substances,  and  I 
have  therefore  selected  from  the  collection  of  original  negatives 
that  one  which  shows  the  oxygen  coincidences  most  plainly. 
There  are  so  many  variables  among  the  conditions  which  con- 
spire for  the  production  of  a  spectrum,  that  many  photographs 
must  be  taken  to  exhaust  the  best  combinations.  The  pressure 
of  the  gas,  the  strength  of  the  original  current,  the  number  of 
Leyden  jars,  the  separation  and  nature  of  the  terminals,  the 
number  of  sparks  per  minute  and  the  duration  of  the  interrup- 
tion in  each  spark,  are  examples  of  these  variables. 

In  the  photograph  the  upper  spectrum  is  that  of  the  sun  and 
above  it  are  the  wave-lengths  of  some  of  the  lines  to  sei*ve  as 
reference  numbers.  The  wave-lengths  used  in  this  paper  have 
been  taken  partly  from  Angstrom  and  partly  from  mv  photo- 
graph of  the  diffraction  spectrum  published  in  1872.  The  lower 
spectrum  is  that  of  the  open  air  Leyden  spark,  the  terminals 
being  one  of  iron  and  the  other  of  aluminium.  I  have  photo- 
graphed oxygen,  nitrogen,  hydrogen  and  carbonic  acid  as  well 
as  other  gases  in  Pliicker's  tubes,  and  also  in  an  apparatus  in 
which  the  pressure  could  be  varied,  but  for  the  present  illustra- 
tion the  open  air  spark  was,  all  things  considered,  best  By 
other  arrangements  the  nitrogen  lines  can  readily  be  made  as 
sharp  as  the  oxygen  are  here,  and  the  iron  lines  may  be  in- 
creased in  number  and  distinctness.  For  the  metals  the  electric 
arc  gives  the  best  photographic  results  as  Lockyer  has  so  well 
shown,  but  as  my  object  was  only  to  prove  by  the  iron  lines 
that  the  spectra  had  not  shifted  laterallv  past  one  another,  those 
that  are  here  shown  at  4326,  4807,  4271,  4063,  4045,  suffice. 
In  the  original  collodion  negative  many  more  can  be  seen. 
Below  the  lower  spectrum  are  the  symbols  for  oxygen,  nitrogen, 
iron  and  aluminium. 

No  close  observation  is  needed  to  demonstrate  to  even  the 
most  casual  observer,  that  the  oxygen  lines  are  found  in  the 
sun  as  bright  lines,  while  the  iron  lines  have  dark  representa- 
tivea  The  bright  iron  line  at  G  (4307),  on  account  of  the 
intentional  overlapping  of  the  two  spectra  can  be  seen  passing  up 
into  the  dark  absorption  line  in  the  sun.  At  the  same  time  the 
quadruple  oxygen  hne  between  4345  and  4350  coincides  exactly 
with  the  bright  group  in  the  solar  spectrum  above.  This 
oxygen  group  alone  is  almost  sufficient  to  prove  the  presence 
of  oxygen  in  the  sun,  for  not  only  does  eacn  of  the  four  com- 
ponents have  a  representative  in  the  solar  spectrum,  but  the  rela- 
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tive  strength  and  the  general  aspect  of  the  lin<;s  in  each  case  is 
similar.  I  do  not  think  that  in  comparisons  of  the  spectra  of 
the  elements  and  sun,  enough  stress  has  been  laid  on  the 
general  appearance  of  lines  apart  from  their  mere  position  ;  in 
photographic  representations  this  point  is  very  prominent  The 
fine  double  line  at  4319,  4317,  is  plainly  represented  in  the  sun. 
Again  there  is  a  remarkable  coincidence  in  the  double  line  at 
4190,  4184.  The  line  at  4133  is  very  distinctly  marked.  The 
strongest  oxygen  line  is  the  triple  one  at  4076,  4072,  4069,  and 
here  again  a  hne  coincidence  is  seen  though  the  air  spectrum 
seems  proportionately  stronger  than  the  solar.  But  it  must  be 
rememoered  that  the  solar  spectrum  has  suffered  from  the 
transmission  through  our  atmosphere,  and  this  effect  is  plainest 
in  the  absorption  at  the  ultra-violet  and  violet  regions  of  the 
spectrum.  I^rom  some  experiments  T  made  in  the  summer  of 
1873,  it  appeared  that  this  local  absorption  is  so  great  when  a 
maximum  thickness  of  air  intervenes,  that  the  exposure  neces- 
sary to  obtain  the  ultra-violet  spectrum  at  sunset  was  two 
hundred  times  as  long  as  at  mid-day.  I  was  at  that  time  seek- 
ing for  atmospheric  lines  above  H,  like  those  at  the  red  end  of 
the  spectrum,  but  it  turned  out  that  the  absorptive  action  at 
the  more  refrangible  end  is  a  progressive  enfeebling  as  if  a 
wedge  of  neutral  tinted  glass  were  beinff  drawn  lengthwise  along 
the  spectrum  toward  the  less  refrangible  end. 

I  shall  not  attempt  at  this  time  to  give  a  complete  list  of  the 
oxygen  lines  with  their  wave-lengths  accurately  determined, 
and  it  will  be  noticed  that  some  lines  in  the  air  spectrum  which 
have  bright  analogues  in  the  sun  are  not  marked  with  the 
symbol  of  oxygen.  This  is  because  there  has  not  yet  been  an 
opportunity  to  make  the  necessary  detailed  comparisons.  In 
order  to  be  certain  that  a  line  belongs  to  oxygen,  I  have  com- 
pared, under  various  pressures,  the  spectra  of  air,  oxygen, 
nitrogen,  carbonic  acid,  carburetted  hydrogen,  hydrogen,  and 
cyanogen.  When  these  gases  were  in  rliicker's  tubes  a  double 
series  of  photographs  has  been  needed,  one  set  taken  with  and 
the  other  without  Leyden  jars. 

As  to  the  spectrum  of  nitrogen  and  the  existence  of  this 
element  in  the  sun  there  is  not  yet  certainty.  Nevertheless 
even  by  comparing  the  diffused  nitrogen  lines  of  this  particular 
photograph,  in  which  nitrogen  has  been  sacrificed  to  get  the 
best  effect  for  oxygen,  the  character  of  the  evidence  appears. 
The  triple  band  between  4240,  4227,  if  traced  upward  into  the 
sun  has  approximate  representatives.  Again  at  4041,  the  same 
thing  is  seen,  the  solar  bright  line  being  especially  marked.  In 
another  photograph  the  heavy  line  at  3995,  which  in  this  pic- 
ture is  opposite  an  insuflBciently  exposed  part  of  the  solar 
spectrum  snows  a  comparison  band  in  the  sun. 
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The  reason  I  did  not  use  air  in  an  exhausted  Pliicker's  tube 
for  the  production  of  a  photograph  to  illustrate  this  paper,  and 
thus  get  both  oxygen  and  nitrogen  lines  well  definea  at  the 
same  time,  was  partly  because  a  brighter  light  can  be  obtained 
with  the  open  air  spark  on  account  of  the  stronger  current  that 
can  be  used.  This  permits  the  slit  to  be  more  closed  and  of 
course  gives  a  sharper  pictura  Besides  the  open  air  speLrk 
enabled  me  to  employ  an  iron  terminal  and  thus  avoid  any 
error  arising  from  accidental  displacement  of  the  reference 
spectrum.  In  Pllicker's  tubes  with  a  Leyden  spark  the  nitro- 
gen lines  are  as  plain  as  those  of  oxygen  here.  As  far  as  I  have 
seen  oxygen  does  not  exhibit  the  cnange  in  the  character  of  its 
lines  that  is  so  remarkable  in  hydrogen  under  the  influence  of 
pressure  as  shown  by  Frankland  and  Ijockyer. 

The  bright  lines  of  oxygen  in  the  spectrum  of  the  solar  disc 
have  not  been  hitherto  perceived  probably  from  the  fact  that 
in  eye-observations  bright  lines  on  a  less  bright  background  do 
not  make  the  impression  on  the  mind  that  dark  lines  do. 
When  attention  is  called  to  their  presence  they  are  readily 
enough  seen  even  without  the  aid  of  a  reference  spectrum. 
The  photograph,  however,  brings  them  into  greater  prominence. 
From  purely  theoretical  considerations  derived  from  terrestrial 
chemistry  and  the  nebular  hypothesis,  the  presence  of  oxygen 
in  the  sun  might  have  been  strongly  suspected,  for  this  element 
is  currently  stated  to  form  eight-ninths  of  the  water  of  the 
globe,  one-third  of  the  crust  of  the  earth  and  one-fifth  of  the 
air  and  should  therefore  probably  be  a  large  constituent  of 
every  member  of  solar  system.  On  the  other  hand  the  dis- 
covery of  oxygen  and  probably  other  non-metals  in  the  sun 
gives  increased  strength  to  the  nebular  hypothesis,  because  to 
many  persons  the  absence  of  this  important  group  has  presente<i 
a  considerable  difficulty. 

At  first  sight  it  seems  rather  difficult  to  believe  that  an  ig- 
nited gas  in  the  solar  envelope  should  not  be  indicated  by 
dark  lines  in  the  solar  spectrum,  and  should  appear  not  to  act 
under  the  law,  "  a  gas  when  ignited  absorbs  rays  of  the  same 
refrangibility  as  those  it  emits."  But  in  fact  the  substances 
hitherto  investigated  in  the  sun  are  really  metallic  vapors,  hy- 
drogen probably  coming  under  that  rule.  The  non-metals 
obviously  may  behave  differently.  It  is  easy  to  speculate  on 
the  causes  of  such  behavior,  and  it  may  be  suggested  that  the 
reason  of  the  non-appearance  of  a  dark  line  may  be,  that  the 
intensity  of  the  light  from  a  great  thickness  of  ignited  oxygen 
overpowers  the  effect  of  the  photosphere,  just  as  if  a  person 
were  to  look  at  a  candle  flame  through  a  yard  thickness  of 
ignited  sodium  vapor,  he  would  only  see  brfght  sodium  lines 
and  no  dark  absorption  lines.     Of  course  such  an  explanation 
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would  necessitate  the  hypothesis  that  igDite<l  gases,  such  as 
oxvgen,  give  forth  a  relativdy  large  proportion  of  the  solar 
ligLt  In  the  outburst  of  T  Cbrowce,  Huggins  showed  that 
hydrogen  could  give  bright  lines  on  a  background  of  spectrum 
analogous  to  that  of  the  sun. 

However  all  that  may  be,  I  have  no  doubt  of  the  existence 
of  substances,  other  than  oxvgen,  in  the  sun,  which  are  only 
indicated  bv  bright  lines.  Attention  may  be  called  to  the 
bright  bands  near  G,  from  wave-length  4307  to  4337,  which 
are  only  partly  accounted  for  by  oxygen.  Further  investiga- 
tion in  the  direction  I  have  thus  far  pursued  will  lead  to  the 
discovery  of  other  elements  in  the  sun,  but  it  is  not  proper  to 
conceal  the  principle  on  which  such  researches  are  to  be  con- 
ducted for  the  sake  of  personal  advantage.  It  is  also  probable 
that  this  research  may  furnish  the  key  to  the  enigma  of  the  D, 
or  helium  line  and  the  1474  K  or  corona  line.  The  case  of  the 
D3  line  strengthens  the  argument  in  favor  of  the  apparent  ex- 
emption of  certain  substances  from  the  common  law  of  the 
relation  of  emission  and  absorption,  for  while  there  can  be  no 
doubt  of  the  existence  of  an  ignited  gas  in  the  chromosphere 
giving  this  line,  there  is  no  corresponding  dark  line  in  the 
spectrum  of  the  solar  disc. 

In  thus  extending  the  number  of  elements  found  in  the  sun 
we  also  increase  the  field  of  inquiry  as  to  the  phenomena  of 
dissociation  and  recomposition.  Oxygen  especially,  from  its 
relation  to  the  metals,  may  readily  form  compounds  in  the 
upper  regions  of  the  solar  atmosphere  which  can  give  banded 
or  channelled  spectra.  This  subject  requires  careful  investiga- 
tion. The  dilfiised  and  reflected  light  of  the  outer  corona 
could  be  caused  by  such  bodies  cool^  below  the  self-luminous 
point. 

This  research  has  proved  to  be  more  tedious  and  diflSicult 
than  would  be  supposed,  because  so  many  conditions  must  con- 
spire to  produce  a  good  photograph.  There  must  be  a  uniform 
prime  moving  engine  of  two  horse  power,  a  dynamo-electric 
machine  thoroughly  adjusted,  a  large  Ruhmkoritt'  coil  with  its 
Foucault  break  in  the  best  order,  a  battery  of  Leyden  jars 
carefully  proportioned  to  the  Pliicker*s  tube  m  use,  a  heliostat 
which  of  course  involves  clear  sunshine,  an  optical  train  of 
slit,  prisms,  lenses  and  camera  well  focussed,  and  in  addition 
to  all  this  a  photographic  laboratory  in  such  complete  condition 
that  wet  sensitive  plates  can  be  prepared,  which  will  bear  an 
exposure  of  fifteen  minutes  and  a  prolonged  development  It 
has  been  difficult  to  keep  the  Pliicker's  tubes  in  order;  often 
before  the  first  exposure  of  a  tube  was  over  the  tube  was 
ruined  by  the  strong  Leyden  sparks.  Moreover  to  procure 
tubes  of  known  contents  is  troublesome.    For  example,  my 
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hydrogen  tubes  gave  a  spectrum  photograph  of  fifteen  lines,  of 
which  only  three  belonged  to  hydrogen.  In  order  to  be  sure 
that  none  of  these  were  new  hydrogen  lines  it  was  necessary  to 
try  tubes  of  various  makers,  to  prepare  pure  hydrogen  and 
employ  that,  to  examine  the  spectrum  of  water,  and  finally  to 
resort  to  comparison  with  the  sun. 

The  object  in  view,  in  1873,  at  the  commencement  of  this  re- 
search, was  to  secure  the  means  of  interpreting  the  photographs 
of  the  spectra  of  stars  and  other  heavenly  bodies,  obtained 
with  my  28-inch  reflector.  It  soon  appeared  that  the  spectra 
of  nitrogen  and  other  gases  in  Plucker  s  tubes  could  be  photo- 
graphed, and  at  first  some  pictures  of  hydrogen,  carbonic  acid 
and  nitrogen  were  made,  because  these  gases  seemed  to  be  of 
greatest  astronomical  importance  on  account  of  their  relation  to 
stars,  nebulae  and  comets.  Before  the  subject  of  comparison 
spectra  of  the  sun  was  carefully  examined,  there  was  some  con- 
fusion in  the  results,  but  by  using  hydrogen  the  source  of  these 
errors  was  found  out. 

But  in  attempting  to  make  a  prolonged  research  in  this 
direction  it  soon  appeared  that  it  was  essential  to  be  able  to 
control  the  electrical  current  with  precision,  both  as  to  quan- 
tity and  intensity,  and,  moreover,  to  nave  currents  which  when 
once  adjusted  would  remain  constant  for  hours  together. 
These  conditions  are  almost  impossible  to  attain  with  any 
form  of  battery,  but  on  the  contrary  are  readilv  satisfied  by 
dynamo-electric  machines.  Accordingly  I  sought  for  a  suita- 
ble dynamo-electric  machine  and  motor  to  drive  it,  and  after 
many  delays  procured  a  combination  which  is  entirely  satis- 
factory, t  must  here  acknowledge  my  obligations  for  the  suc- 
cessful issue  of  this  search  to  Professor  Geo.  F.  Barker,  who 
was  the  first  person  in  America  to  procure  a  Gramme  machine. 
He  was  also  the  first  to  use  a  ferayton  engine  to  drive  a 
Gramme. 

The  dynamo-electric  machine  selected  is  one  of  Gramme's 
patent  made  in  Paris  and  is  a  double  li^ht  machine,  that  is,  it 
has  two  sets  of  brushes,  and  is  wound  with  wire  of  such  a  size 
as  to  give  a  current  of  sufficient  intensity  for  my  purposes. 
It  is  nominally  a  350  candle-light  machine,  but  the  current 
varies  in  proportion  to  the  rate  of  rotation,  and  I  have  also 
modified  it  by  changing  the  interior  connections.  The  machine 
can  produce  as  a  maximum  a  light  equal  to  600  standard  can- 
dles, or  by  slowing  the  rotation  of  the  bobbin  the  current 
may  be  made  as  feeble  as  that  of  the  weakest  battery.    In 

f)ractical  use  it  is  sometimes  doing  the  work  of  more  than  fifty 
arge  Grove  nitric  acid  cells  and  sometimes  the  work  of  a  single 
Smee. 
The  Gramme  machine  could  not  be  used  to  work  an  induc- 
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tion  coil  when  it  first  reached  me,  because  when  the  whole 
current  was  sent  through  the  Foucault  interruptor  of  the 
Ruhmkorff  coil,  making  1,000  breaks  per  minute,  the  electro- 
magnets of  the  Gramme  did  not  become  sufficiently  magnet- 
ized to  give  an  appreciable  current.  But  by  dividing  the 
current  so  that  one  pair  of  the  metallic  brushes,  which  collect 
from  the  revolving  bobbin,  supplied  the  electro-magnets,  the 
other  pair  could  be  used  for  exterior  work,  no  matter  whether 
interrupted  or  constant.  The  current  obtained  in  this  way  from 
one  pair  of  brushes  when  the  Gramme  bobbin  is  making  1,200 
revolutions  per  minute,  is  equal  to  one  hundred  candles,  and 
is  greater  in  quantity  and  intensity  than  one  would  like  to 
send  through  a  valuable  induction  coil.  I  usually  run  the 
bobbin  at  622  revolutions  per  minute,  and  this  rate  will  readily 
give  1,000  ten-inch  sparks  per  minute  with  the  eighteen-inch 
coil.  Of  course  a  Plucker's  tube  lights  up  very  vividly,  and 
generally,  in  order  to  get  the  maximum  eflfect,  I  arrange  the 
current  so  that  the  aluminium  terminals  are  on  the  point  of 
melting.  The  glass,  particularly  in  the  capillary  part,  olteu 
gets  so  hot  as  to  char  paper.  The  general  appearance  of  the 
machine  is  shown  in  fig.  1. 

1. 


The  Gramme  Machine. 

As  long  as  the  Gramme  bobbin  is  driven  at  a  steady  rate 
the  current  seems  to  be  perfectly  constant,  but  variations  of 
speed  make  marked  differences  in  the  current,  and  this  is  espe- 
cially to  be  avoided  when  one  is  so  near  the  limit  of  endurance 
of  Plucker's  tubes.     A  reliable  and  constant  motor  is  therefore 
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of  prime  importance  for  these  purposes.  A  difference  of  one 
per  cent  in  tne  speed  of  the  engine  sometimes  cannot  be  toler- 
ated, and  yet  at  another  time  one  must  have  the  power  of 
increasing  and  diminishing  through  wide  limits.  The  only 
motor,  among  many  I  have  examined  and  tried,  that  is  per- 
fectly satisfactory,  is  Brayton*s  Petroleum  Beady  Motor.  This 
remarkable  and  admirable  engine  acts  like  an  instrument  of 


Brayton's  Petroleum  Motor. 

precision.  It  can  be  started  with  a  match,  and  comes  to  its 
regular  speed  in  less  than  a  minute;  it  preserves  its  rate  en- 
tirely uncnanged  for  hours  together.  Moreover,  it  is  econom- 
ical, cleanly  and  not  more  noisy  than  a  steam  engine.  The 
one  of  two  horse  power  I  have  ran  for  six  months,  day  and 
night,  supplying  water  and  air  to  thj3  aquaria  in  the  Centennial 
Exhibition  at  Philadelphia.  At  any  time  on  going  into  the 
laboratory  it  can  be  started  in  a  few  seconds,  even  though  it 
has  not  been  running  for  days. 
Henry  Draper's  Observatory,  Hastings^n-Hudson,  New  York. 


Art.  XV. — On  the  Theory  of  the  Action  of  certain  Organic  Sub- 
stances, in  increasing  the  Sensitiveness  of  Silver  Haloids ;  by 
M.  C.  Lea. 

In  the  early  days  of  photochemistry,  it  was  observed  that 
all  the  silver  haloids  gained  in  sensitiveness  by  being  in  contact 
with  a  soluble  silver  salt ;  that  when  the  soluble  silver  salt  was 
removed  by  careful  washing,  a  considerable  diminution  in  sen- 
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sitiveness  followed.  After  a  time  it  was  noticed  that  certain 
organic  substances  placed  in  contact  with  the  washed  haloid, 
appeared  to  take,  to  some  extent,  the  place  of  the  silver  salt 
removed,  and  that  the  silver  haloid  was  distinctly  more  sensitive 
when  in  contact,  for  example,  with  tannin,  than  when  isolated. 

In  explanation  of  the  lact,  a  theory  was  published  by  M. 
Poitevin  that  these  organic  substances  acted  m  virtue  of  their 
affinity  for  the  halogen.  That  in  the  case,  for  example,  of  tan- 
nin and  silver  iodide,  the  iodide  was  more  readily  attacked  by 
light  in  the  presence  of  tannin,  because  the  affinitj  of  tannin  for 
iodine  came  into  play  in  aid  of  the  action  of  light  Shortly 
after.  Dr.  H.  Vogel  published  the  same  theory. 

It  is  a  little  remarkable  that  neither  of  the  authors  of  this 
theory,  or  rather  hypothesis,  has  at  any  time  thought  it  necessary 
to  support  it  by  experiment  or  proof  of  any  kind,  but  both 
have  continued  up  to  the  present  time  to  treat  the  theory  as 
self-evident.  In  endeavoring  to  show  that  this  explanation  of 
the  reliction  cannot  be  received,  I  shall  have  no  argument  on 
the  other  side  to  combat,  or  experiments  to  discuss,  as  I  can 
find  none.  I  shall,  therefore,  state  what  I  conceive  to  be  the 
true  explanation,  and  endeavor  to  support  it  adequately  by 
proof. 

When  we  examine  all  the  substances  known  to  be  capable 
of  increasing  the  sensitiveness  of  the  silver  haloids,  we  notice 
that  the  one  property  which  they  possess  in  common  is,  not  an 
affinity  for  the  halogen,  as  the  roitevin-Vogel  theory  would 
lead  us  to  expect,  but  that  they  are  all  reducing  agents.  The 
natural  view,  therefore,  of  their  action  on  a  silver  haloid  is,  not 
that  they  abstract  the  halogen  from  it,  but  that  their  affinity 
for  oxygen  comes  into  aid  of  the  affinity  of  the  halogen  for 
hydrogen,  and  that  under  the  influence  of  light,  an  atom  of 
water  is  decomposed.  That  in  the  case  of  silver  iodide  and 
tannin,  for  example,  the  tannin  is  oxidized,  the  iodine  is  con- 
verted into  hydnodic  acid,  and  the  silver  salt  is  more  or  less 
completely  reduced,  probably  to  subiodide.  According  to  this 
view,  when  silver  iodide  is  exposed  to  light  in  presence  of  an 
organic  body  capable  of  accelerating  the  action  of  light,  there 
should  be  traces  of  free  acid  formed,  whereas,  according  to  the 
Poitevin-Vogel  theory  the  result  of  the  action  should  be  the 
formation  of  an  iodo-substitution  compound. 

1.  Silver  iodide  was  precipitated  in  the  presence  of  a  slight 
excess  of  potassium  iodide,  and  thoroughly  washed.  A  small 
quantity  of  pvrogallol  was  added  and  the  mixture  was  exposed 
to  sunlight  for  fifteen  minutes  in  contact  with  water.  The 
liquid  at  first  neutral,  at  the  end  of  fifteen  minutes,  showed  a 
distinctly  acid  reaction,  increasing  with  continued  exposura 

[Pyrogallol  was  used  in  preference  to  tannin  (gallotannic 
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acid)  because  the  former  is  perfectly  neatral  to  test  paper,  and 
cannot  confuse  the  reaction  as  would  be  the  case  with  tannin, 
which  of  itself  reddens  blue  litmus  paper]. 

Again :  if  the  Poitevin-Vogel  theory  were  correct,  it  would 
aflFord  a  criterion  as  to  what  substances  should,  and  what  should 
not,  exalt  the  sensitiveness  of  the  silver  haloids.  Substances 
having  an  affinity  for  iodine  should  increase  the  sensitiveness, 
and  substance  not  possessing  such  affinity,  should  have  no  such 
action.  This  is  not  the  fact  There  are  substances  which  ex- 
alt an  affinity  for  iodine,  tliat  do  not  exalt  the  sensitiveness  of 
silver  iodide  and  conversely,  for  example: 

2.  Silver  iodide  was  exposed  to  light  for  a  month  under  a 
solution  of  potassium  caroonate,  in  a  test  tube,  with  another 
test  tube,  for  comparison,  containing  silver  iodide  under  water 
only.  The  alkali  did  not  in  the  least  increase  the  tendency  of 
the  iodide  to  darken. 

8.  Starch,  which  has  a  well-known  affinity  for  iodine,  does 
not  appear  to  increase  the  sensitiveness  of  silver  iodide  by  con- 
tact with  it 

These  experimental  results  appear  to  be  incompatible  with 
the  Poite\nn-Vogel  theory. 

The  view  which  I  have  here  offered  is,  moreover,  very 
strongly  supported  by  the  phenomena  of  alkaline  development 
When  a  sensitive  surface  has  been  exposed  to  light,  the  image 
may  be  developed  by  pyrogallol,  a  neutral  organic  substance. 
This  development  is  greatly  stimulated  by  the  presence  of  an 
alkali,  a  fact  which  the  Poitevin-Vogel  theory  leaves  unex- 
plained. But  according  to  the  view  here  proposed,  viz :  that 
the  result  of  the  actioa  of  the  organic  body  is  not  a  substitution 
product,  but  a  halogen  acid,  (e.  g.  HI,  etc.),  it  is  natural  that 
the  presence  of  an  alkali  should  increase  the  tendency  to  form 
an  acid  for  which  it  has  a  strong  affinitv. 

Also,  this  new  explanation  is  in  Iiarmony  with  received 
views  of  the  action  of  the  halogens  in  analogous  cases,  and  par- 
ticularly with  that  of  the  action  of  chlorine  in  bleaching  organic 
substancea  The  modern  view  of  the  action  is,  not  that  the 
chlorine  attracts  the  organic  body  with  f<^rmation  of  a  substi- 
tution compound,  but  that,  by  the  cooperating  affinity  of  the 
organic  substance  for  oxygen,  and  that  of  the  chlorine  for 
hydrogen,  aii  atom  of  water  is  decomposed,  with  formation  of 
hydrochloric  acid  and  peroxide  of  hydrogen,  which  latter  sub- 
stance attacks  the  oxidizable  organic  Dody.  It  will  be  observed 
that  the  reaction  is  exactly  the  same  in  ooth  cases,  the  bleach- 
ing and  the  photo  chemical  In  fact,  the  parallelism  is  in  all 
respects  as  complete  as  it  can  possibly  be,  and  the  analogy  lends 
a  strong  support  to  the  view  that  I  have  here  expressed. 

I  concluae,  therefore,  that  such  oi'ganic  bodies  as  increase 
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the  sensitiveness  of  the  silver  haloids  to  light,  doso,  not  by 
forming  substitution  compounds  with  the  halogen,  but  by  pro- 
moting, in  virtue  of  their  affinity  for  oxygen,  the  decomposition 
of  water  by  the  halogen. 

There  is,  probably,  another  affinity  which  plays  some  part  in 
the  tendency  to  form  the  halogen  acid,  and  that  is  the  tendency 
shown  by  the  silver  haloid  to  form  combinations  with  the  cor- 
responding halogen  acids,  e.  g.  hydroargentic  iodide  AglHI, 
etc.,  in  the  absence  of  an  alkali. 

Philadelphia,  June  26,  1877. 


Art.  XYI. — On  Critical  Periods  in  the  History  of  the  Earth  and 
(heir  Relation  to  Evolution:  and  on  the  Quaternary  as  suck  a 
Period;*  by  Joseph  LeConte. 

In  the  series  of  rocks  representing  the  history  of  the  earth 
there  occur  at  different  horizons,  unconformities.  In  most  cases 
these  do  not  occur  at  the  same  horizon  in  different  places ;  but 
there  are  a  few  which  seem  to  be  very  general.  Associated 
with  these  unconformities,  as  is  well  known,  there  is  nearly 
always  a  marked  change  in  the  fossil  species.  The  greatness 
of  this  change  is  always  in  direct  proportion  to  the  generality 
of  the  unconformity.  These  general  unconformities  attended 
with  very  great  changes  in  organic  forms  are  the  natural 
boundaries  of  the  great  divisions  of  time,  and  the  less  general 
unconformities  attended  with  less  sweeping  change  of  organic 
forms,  of  the  subdivisions. 

The  earlier  geologists,  under  the  influence  of  the  t/ten 
dominant  idea  of  frequent  supernatural  interference  with  the 
course  of  nature,  imagined  that  these  unconformities  marked 
the  times  of  instantaneous  cataclysm  which  disturbed  the  rocks 
and  destroyed  all  living  things,  sometimes  locally,  sometimes 
generally;  and  that  these  exterminations  were  followed  by 
re-creations  of  other  and  wholly  different  species  at  the  begin- 
ning of  the  subsequent  period  of  tranquility.  Non\  however, 
we  believe  that  no  such  instantaneous  general  exterminations 
and  re-creations  ever  occurred.  Now  we  know  that  uncon- 
formity simply  indicates  eroded  land-surface,  and  therefore 
marks  a  period  of  time  during  which  the  observed  place  was 
land  and  received  no  sediment — that  two  series  of  rocks  uncon- 
formable to  each  other  indicate  two  periods  of  comparative  quiet, 
during  which  the  observed  place  was  sea-bottom  receiving  sedi- 
ment steadily,  separated  by  a  period  of  oscillation  producing 
increase  and  decrease  of  land,  auring  which  the  observed  place 
*  Read  before  the  National  Academy  of  Soienoee,  April  18,  1877. 
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was  raised  into  land-surface  with  or  without  crnmpling  of  the 
strata,  deeply  eroded  and  then  sank  again  below  sea  level  to 
receive  the  second  series  of  strata.  The  length  of  the  two 
periods  of  repose  is  roughly  measured  by  the  thickness  of  the 
two  conformaole  series.  The  length  of  the  period  of  commotion 
is  roughly  measured  by  the  amount  of  erosion  at  the  line  of 
unconformity. 

Evidently,  therefore,  every  case  of  unconformity  marks  a 
period  of  time,  often  a  long  period,  during  which  there  was  no 
record  made  in  strata  and  fossils  at  the  observed  place ;  certain 
leaves,  often  very  many,  are  there  missing  from  the  Book  of 
Tima  Is  it  any  wonder  then,  that  skipping  over  these  pages 
when  we  commence  reading  again  we  find  the  matter  entirely 
new  ?  Evidently,  then,  the  suddenness  of  the  change  in  organic 
forms  is  only  apparent.  If  we  could  recover  the  record,  which 
was  doubtless  carried  on  elsewhere,  the  break  woald  dis- 
appear; if  we  could  recover  the  missing  leaves  the  reading 
would  be  continuoua  In  every  such  case  therefore  there  is  a 
lost  interval  of  history.  In  cases  of  local  unconformity  we 
recover  the  lost  record  in  other  places,  and  thus  fill  up  the 
blank  in  the  history.  But  in  some  cases  of  very  general  uncon- 
formity, such  as  those  which  mark  the  great  divisions  of  time, 
the  loss  is  not  yet  recovered,  perhaps  is  irrecoverable ;  though 
doubtless  the  more  complete  knowledge  of  the  geology  of  the 
whole  earth-surface  will  go  far  toward  filling  blanks  and  mak- 
ing the  record  continuoua 

The  view  above  presented  is  now  held  by  all  geologists,  but 
there  seems  to  be  danger,  under  the  influence  of  the  now 
dominant  views  of  evolution,  of  erring  on  the  other  extreme. 
Assuming  a  uniform  rate  of  evolution,  many,  it  seems  to  me, 
commit  the  mistake  of  measuring  the  amount  of  lost  interval 
by  the  amount  of  change  of  organic  forms,  and  thus  discredit 
the  real  value  of  the  geological  record  by  exaggerating  greatly 
its  fragmentary  character.  On  the  contrary  there  seems  good 
reason  to  believe  that  the  evolution  of  the  ommic  kingdom, 
like  the  evolution  of  society  and  even  of  the  individual,  has  its 
periods  of  rapid  movement,  and  its  periods  of  comparative  repose 
and  re-adjustment  of  equilibrium.  Geological  history,  like  all 
other  history,  has  its  periods  of  comparative  quiet,  during  which 
the  forces  of  change  are  gathering  strength ;  and  periods  of 
revolution  during  wnich  the  accumulated  forces  manifest  them- 
selves in  conspicuous  changes  in  physical  geographv  and  climate, 
and  therefore  in  rapid  movement  in  the  march  of  evolution  of 
organic  forms — periods  when  the  forces  of  change  are  potentval^ 
and  periods  when  they  become  active.  Conformable  rocks 
represent  the  periods  of  comparative  quiet,  during  which 
organic  forms  are  either  permanent  or  change  slowly ;  unoon- 
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f  ormity  represents  a  time  of  oscillation  with  increase  and  decrease 
of  land,  and  therefore  of  rapid  changes  of  physical  conditions 
and  correspondingly  rapid  movement  in  evolution.  The  general 
unconformities,  of  course,  mark  times  of  very  general  commo- 
tion— of  wide-spread  changes  of  physical  geography  and  cli- 
mate, and  therefore  of  exceptionally  rapid  and  profound 
changes  in  organic  forms. 

These  periods  of  revolution  in  all  history  are  critical;  and  there- 
fore are  of  especial  interest  to  the  philosophic  historian  and  to 
the  evolutionist ;  but  they  are  also  in  all  history  periods  of  lost 
record.  And  as  in  human,  so  also  in  geological  history,  the 
farther  back  we  go,  the  longer  are  the  lost  intervals  and  the 
more  irrecoverable  the  lost  records.  We  will  now  give  exam- 
ples of  such  lost  intervals  and  show  their  significance  in  evolu- 
tion. 

The  first  and  by  far  the  greatest  of  these  lost  intervals  is  that 
which  occurs  between  the  Archasan  and  the  Paleozoic.  In 
every  part  of  the  earth  where  the  contact  has  been  yet  observed 
the  Pnmordial  lies  unconformably  on  the  upturned  and  eroded 
edges  of  the  Archasan  strata.  This  relation  was  observed  first 
in  Canada,  then  in  various  parts  of  the  eastern  United  States, 
then  in  Scotland,  Hebrides,  Bavaria,  Bohemia,  Scandinavia. 
Unconformity  in  such  widely  separated  localities,  indicates 
wide-spread  changes  in  physical  geography,  and  therefore  pre- 
sumably of  all  those  physical  conditions  included  in  the  word 
dimate.  These  changes  of  physical  geography  are  best  illus- 
trated in  the  United  States.  The  breSk  between  the  Archaean 
and  the  Primordial  has  been  observed  in  very  many  places  all 
over  the  wide  area  of  the  United  States  east  and  west ;  not  only 
in  Canada,  in  New  York,  in  the  Appalachian  region,  in  Wis- 
consin, Missouri,  Arkansas  and  Texas,  but  also  all  over  the 
Rockv  Mountain  region,  in  Nebraska,  Mohtana,  Idaho,  Wyom- 
ing, Colorado,  Utah,  Nevada,  New  Mexico  and  Arizona.  As 
upturned  eroded  outcropping  strata  mean  land-surface,  it  is 
evident  that  there  was  at  that  time  a  very  large  area,  or  else 
several  large  areas  of  land,  in  the  place  now  occupied  by  the 
American  Continent  In  comparison  with  the  subsequent 
Silurian  it  was  a  continental  Period.  This  land  is  often  spoken  of 
as  Archcean  land.  It  was  indeed  land  of  Archaean  rocks,  but  for 
that  very  reason  not  of  Archaean  times :  for  these  rocks  were  of 
course  formed  at  the  bottom  of  the  sea  in  Archaean  times,  and 
therefore  these  localities  were  all  sea-bed  receiving  sediment  at 
that  time.  We  know  absolutely  nothing  of  the  land  of  Archaean 
times,  and  never  can  know  anything  until  we  find  still  older 
rocks  from  the  debris  of  which  Archaean  sediment,  were  formed. 
The  land  spoken  of  abo\;e,  was  land  of  the  Lost  Interval  That 
the  interval  was  immensely  long  is  evident  from  the  prodigious 


Digitized  by  VjOOQIC 


102  J.  LeConte — Critical  Periods  in  the  History  of  the  EartL 

erosion-  That  it  was  a  period  of  wide-spread  oscillation  is  also 
evident ;  for  all  the  places  mentioned  were  sea-bed  in  Arch»an, 
land  during  the  interval,  and  again  sea-bed  during  the  Silurian. 
But  of  this  long  interval  not  a  leaf  of  record  remains. 

Evidently  then  at  the  end  of  the  Archsean  an  enormous  area 
of  Archaean  sea-bottom  was  raised  up  and  crumpled  and  became 
land.  After  remaining  land  for  a  time  sufficiently  long  to 
allow  enormous  erosion  of  the  crumpled  strata  it  again  went 
down  to  the  old  Primordial  shore-line  and  the  Silurian  age  com- 
menced.    This  time  of  elevation  is  the  lost  interval. 

Now,  when  the  record  closed  in  the  Archaean,  as  far  as  we 
know,  only  the  lowest  forms  of  Protozoan  life  yet  existed. 
The  beginnings  of  life  had  not  yet  differentiated  into  what 
might  be  called  a  fauna  and  flora.  When  the  record  again 
opened  with  the  Primordial  we  have  already  a  varied  and 
highly  organized  fauna,  consisting  of  representatives  of  many 
classes  and  of  all  the  great  types  of  animal  structure,  except 
vertebrates.  Nor  are  these  representative  the  lowest  in  three 
seveml  departments;  for  Trilobites  and  Orthoceratites  can 
hardly  be  regarded  as  lower  than  the  middle  of  the  animal  scale 
aa  it  now  exists.  It  is  certain  therefore  that  all  the  great 
departments  except  vertebrates,  and  most  of  the  classes  of  these 
departments  including  animals  as  least  half  way  up  the  animal 
scale,  were  differentiated  during  the  lost  interval  The  amount 
of  evolution  during  this  interval  cannot  be  estimated  as  less 
than  all  that  has  taken  place  since.  Measured  by  the  amount 
of  evolution  therefore,  this  lost  interval  is  equal  to  all  the  his- 
tory of  the  earth  which  has  elapsed  since.  We  escape  this  very 
improbable  conclusion,  onl^  by  admitting  a  more  rapid  rate  of 
evolution  during  aniical  periods. 

It  is  one  of  the  chief  glories  of  American  Geolc^y,  to  have 
first  established  the  Archasan  as  one  of  the  primary  divisions  of 
tima  It  is  even  yet  reluctantly  admitted  as  such  by  many 
European  geologists.  And  yet,  it  is  seen,  that  from  every  point 
of  view,  whether  of  the  rock  system  or  of  the  life  system,  it  is 
by  far  the  most  widely  and  trenchantly  separated  of  all  the 
eraa 

The  next  greatest  lost  interval  (though  far  less  than  the  pre- 
ceding) is  that  between  the  Paleozoic  and  the  Mesozoic.  Here 
we  have  the  next  most  general  unconformity,  indicating  the 
next  most  wide-spread  changes  of  physical  ffeography  and  cli- 
mate, accompanied  by  the  most  sweeping  changes  in  organic 
forms,  not  only  in  species  and  genera,  but  also  in  families  and 
orders.  This  change  is  the  more  striking  as  it  occurs  in  the 
midst  of  an  abundant  life.  It  is  the  greatest  and  most  sweeping 
change  in  the  forms  of  organisms  which  has  ever  occurreid  in 
the  history  of  the  earth.     Jt  took  place,  again,  during  a  lost  in- 
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tervdi  A  portion  of  the  loss  is  recovered  in  the  Permian ;  but 
the  most  critical  time,  the  time  of  most  rapid  change,  viz :  that 
between  the  Permian  and  the  Trias,  is  still  missing.  How  we 
long  to  find  the  steps  of  this  great  change  I  What  a  flood  of 
light  would  it  shed  on  the  process  of  evolution  I  But  although 
the  change  in  the  organic  kingdom  was,  just  here,  so  enormously 
great,  yet  the  lost  interval  does  not  seem  very  long ;  for  in 
Enffland  the  Trias  and  Permian  seem  to  be  conformable,  though 

frobably  with  change  from  marine  to  fresh  water  conditions, 
t  is  impossible  therefore  to  resist  the  conclusion  that  the  steps 
were  just  here  fewer  and  longer,  and  the  progress  more  rapid  than 
usuaL  As  in  human  history  revolutions  are  the  times  of  the 
birth  of  new  social  ideas,  upon  which  during  the  subsequent 
period  of  tranquillitv,  society  is  re-adjusted  in  prosperity  and 
happiness  on  a  higher  plane ;  so  also  in  geological  history, 
critical  periods  are  times  of  origin  of  new  and  higher  organic 
forms  and  the  subsequent  periods  of  tranquillity  are  times  of 
re-adjustment  of  equilibrium  and  prosperous  development  of 
these  forms. 

Like  the  previous  lost  interval,  this  was  also  a  period  of 
oscillation — a  period  of  great  increase  of  land,  which  was  again 
partly  submerged  to  inaugurate  the  Trias.  It  was  therefore, 
again,  a  continental  period.  The  land-making  commenced  at 
the  end  of  the  Coal  period,  in  this  country  with  the  formation 
of  the  Appalachian  Mountains,  continued  through  the  Permian 
and  culminated  in  the  lost  interval,  which  is  in  fact  for  that 
verv  reason  lost 

;& ar  less  in  length  of  time  and  perhaps  in  the  sweeping  char- 
acter of  the  change  of  organisms,  but  far  more  important  and 
intei'esting  on  account  of  the  high  position  of  the  animals  in- 
volved is  the  lost  intervcJ  between  the  Mesozoic  and  Cenozoic. 
The  length  of  time  lost  here  is  comparatively  small.  In  Amer- 
ica in  many  parts  of  the  west  the  uppermost  Cretaceous  seems 
to  pass  into  tne  lowermost  Tertiary  without  the  slightest  break 
of  continuity.  There  may  be  some  break,  some  unconformity, 
some  lost  record,  but  certainly  it  cannot  be  large.  Yet  the 
change  especially  in  the  higher  animals  is  immensa  In  Amer- 
ica the  break  and  the  lost  interval  is  much  greater  between  the 
Jurassic  and  Cretaceous  than  between  the  Cretaceous  and  Ter- 
tiary, yet  the  organic  change  is  far  greater  in  the  latter  case. 
The  reason  is  that  the  changes  of  physical  geography  and  cli- 
mate in  the  latter  were  more  general  Although  in  America 
the  break  and  the  lost  interval  is  greaiter  at  the  end  of  the 
Jurassic,  yet  taking  the  strata  all  over  the  earth,  the  break  is 
far  more  general  at  the  end  of  the  Cretaceous ;  and  it  is  these 
general  changes  in  physical  geography  which  affect  climate  the 
most  and  which  therefore  produce  the  profoundest  changes  in 
organic  forms. 
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Now  it  is  almost  impossible  to  imagine  a  clearer  proof  of  the 
fact  of  rapid  evolution-movement  during  critical  periods,  than 
we  find  in  the  shortness  of  the  lost  interval  and  yet  the  great- 
ness of  the  change  in  higher  organisms  just  at  this  horizon  in 
the  rocky  series.  Nothing  can  be  more  astonishing  than  the 
abundance,  variety  and  prodigious  size  of  Beptiles  in  America 
up  to  the  very  close  of  the  Cretaceous,  and  the  complete  ab- 
sence of  all  the  grander  and  more  characteristic  forms  in  the 
lowest  Tertiary ;  unless,  indeed,  it  be  the  correlative  fact  of 
the  complete  absence  of  mammals  in  the  Cretaceous  and  their 
appearance  in  great  numbers  and  variety  in  the  lowest  Ter- 
tiary. K  Cretaceous  mammals  existed  in  Americaj  surely  their 
remains  would  have  been  found  in  the  wonderfully  rich 
Cretaceous  strata.  It  seems  certain  that  in  America,  or  at 
least  in  that  portion  which  has  been  examined,  mammals  ap- 
peared somewhat  suddenly  and  in  great  numbers  on  the  scene 
and  were  a  principal  agent  in  the  extermination  of  the  great 
reptiles.  The  wave  of  reptilian  evolution  had  just  risen  to  its 
crest  and  perhaps  was  ready  to  break,  when  it  was  met  and 
overwhelmed  by  the  rising  wave  of  mammalian  evolution. 

We  have  dwelt  only  on  the  great  change  in  the  higher 
classes,  but  the  change  really  extended  to  all  classes.  This  was 
therefore  a  time  of  exceptionally  general  and  rapid  changes  in 
all  departments  alike.  In  other  words  it  was  a  critical  period 
in  organic  evolution. 

That  it  was  also  a  time  of  very  great  changes  in  Physical 
geography,  here  in  America  as  well  as  elsewhere,  is  well  known. 
The  Cretaceous  sea  which  extended  from  the  Gulf  of  Mexico 
to  the  Arctic  Ocean,  covering  the  whole  western  plains  and 
plateau  r^ion,  and  thus  divided  the  American  continent  into 
two,  an  eastern  Appalachian  continent' and  a  western  or  Basin 
region  continent,  was  abolished  at  the  end  of  the  Cretaceous, 
and  replaced  by  great  fresh  water  lakes  in  the  same  r^on, 
and  the  continent  became  one.  Moreover  it  is  probable  that  it 
was  a  period  of  wide-spread  oscillation,  i.  a,  ot  upheaval  and 
again  subsidence  to  the  condition  of  things  found  at  the  begin- 
ning of  the  Tertiary.  It  is  probable  that  the  upheaval  which 
abolished  the  Cretaceous  sea  went  much  beyond  the  condition 
of  things  afterwards — that  just  at  the  interval  the  land  was 
higher  and  larger  than  in  the  Tertiary — that,  in  short,  this  was 
again  a  continental  period  and  probably  a  period  of  greater  cold 
than  the  subsequent  Tertiary. 

The  change  in  physical  geography,  then,  was  immense,  bEt 
in  most  places  by  bodily  upheaval,  not  by  crumpling  of  the 
strata,  ana  therefore  the  usual  signs  of  such  change,  viz :  un- 
conformity is  often  wanting.  The  change  of  climate  all  over 
the  American  continent  was  no  doubt  very  great  and  the 
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change  in  organic  forms  correspondingly  great  everywhere  and 
in  all  departments;  but  this  was  especially  true  of  all  water- 
inhabiting  species,  in  the  region  of  tne  old  Cretaceous  interior 
sea ;  for  here  there  was  a  change  not  only  in  climate  but  from 
salt  to  fresh  water  through  the  intermediate  condition  of  brack- 
ish water.  The  Cretaceous  marine  species  rapidly  disappeared, 
partly  by  extermination  and  partly  by  transmutation  into  fresh 
water  species,  as  has  been  observed,  recently,  to  take  place  in 
some  crustaceans  under  this  change  of  conditions*  The  Ter- 
tiary fresh-water  species  rapidly  appeared  partly  by  transmuta- 
tion from  the  previous  marine  and  partly  by  transportation  in 
various  ways  from  other  fresh  lakes.  But  all  this  occurred  in 
some  places  without  the  slightest  break  in  the  continuity  of  the 
strata. 

The  great  change  of  climate  and  other  physical  conditions 
perhaps  sufficiently  explain  the  change  in  invertebrate  species, 
but  it  is  impossible  to  account  for  the  somewhat  sudden  appear- 
ance of  mammals  in  the  lowest  Tertiary  except  by  migration 
from  other  regions  where  they  had  existed  in  late  Cretaceous 
times,  having  originated  there  by  derivation  in  the  usual  way. 
That  marsupials  existed  somewhere  in  Cretaceous  times 
(though  possibly  not  in  America  or  Europe)  there  can  be  no' 
doubt;  for  they  existed  we  know  in  the  preceding  Jurassic 
and  the  following  Tertiary,  and  they  exist  tww.  It  is  from 
these  rather  than  from  Cretaceous  reptiles,  that  Tertiary  mam- 
mals were  doubtless  derived ;  and  this  derivation  took  place 
probably  at  rapid  rate  in  the  latest  Cretaceous  or  during  the  lost 
interval  in  some  unknown  locality  whence  they  migrated  into 
the  Tertiary  lake  region  of  the  United  States  during  the  inter- 
val. This  migration  came  most  probably  from  northern  Asia  ; 
for  it  must  be  remembered  that  the  interval  was  a  continental 
period  and  therefore  probably  a  period  of  broad  land  connec- 
tions between  Nearctic  and  ralearctic  regions.  The  complete 
examination  of  the  uppermost  Cretaceous  of  different  portions 
of  Asia  will  probably  reveal  the  immediate  progenitors  of  the 
early  Tertiary  mammals  of  Europe  and  America.  This  intro- 
duces us  to  a  most  important  element  of  rapid  local  faunal 
change  especially  in  higher  animals,  viz:  migrations.  If  we 
do  not  dwell  longer  now  on  this,  it  is  only  because  we  shall  have 
to  recur  to  it  again. 

I  have  preferred,  thus  far,  to  speak  of  general  evolution - 
changes  of  organisms,  whether  slow  or  rapid,  as  produced  by 
varying  pressure  of  external  conditions;  and  the  most  striking 
local  changes  by  migrations  from  other  regions  where  the  appar- 
ently suddenly-appearing  species  had  previously  existed,  hav- 
ing originated  tnere  by  evolution  in  the  usual  way.     I  have 

*  Arch,  des  Soienoes,  Nov.,  1875,  p.  284. 
Am.  Joub.  Soi.— Third  Skribb,  Vol.  XIV,  No.  80.— August,  1877. 
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preferred,  thus  far,  to  represent  the  organic  kingdom  as  lying, 
as  it  were,  passive  and  plastic  under  the  moulding  hands  of  the 
environment  I  have  done  so  because  it  is  in  accordance  with 
true  method  to  exhaust  the  more  obvious  causes  of  evolution 
before  appealing  to  the  more  obscure  and  doubtful. 

It  is  possible  that  general  movements  affecting  alike  all 
classes  may  be  accounted  for  in  this  way  alona  But  there  are 
many  facts  in  the  evolution  of  the  organic  kingdom,  especially 
the  sudden  appearance  of  new  forms  in  the  quietest  times, 
which  can  hardly  be  thus  explained.  There  seem  to  be  in- 
iemal  as  well  as  external  factors  of  evolution.  Again  the  in- 
ternal factors  may  be  either  in  the  form  of  tendencies  to  change 
or  of  resistance  to  change.  Of  these,  however,  the  latter  seems 
to  be  most  certain.  There  may  be  in  the  organic  kingdom  an 
^'inherent  tendency^  to  change  in  special  directions,  similar  to 
that  which  directs  the  course  of  embryonic  evolution — a  tend- 
ency, in  the  case  of  the  organic  kingdom,  inherited  from  phys- 
ical nature  from  which  it  sprung,  as  in  the  case  of  the  embryo 
it  is  inherited  from  the  organic  kingdom  through  the  line  of 
ancestry.  This  cause,  however,  is  too  obscure,  and  I  therefore 
pass  it  by. 

But  whether  or  not  there  be  any  such  inherent  tendency  to 
change,  there  certainly  is  an  inherent  tendency  to  stability — ^to 
peraistence  of  organic  form.  If  there  be  no  inherent  force  of 
progress,  there  certainly  is  an  inherent  force  of  conservation 
greater  in  some  species  than  others.  It  seems  probable  that  in 
many  of  the  more  rigid  types  this  stability  is  so  great,  and 
therefore  variation  of  oflfepring  is  so  slight,  that  progressive 
change  of  form  is  too  slow  to  keep  pace  with  change  of  ex- 
terna conditions  especially  in  critical  periods.  If  this  be  so, 
then  an  organism  may  be  regarded  as  under  the  influence  of 
two  opposing  forces,  the  one  conservative,  the  other  progressive ; 
the  one  tending  to  equilibrium,  the  other  to  motion ;  the  one  to 
permanence,  the  other  to  change  of  form ;  the  one  static,  the 
other  dynamic ;  the  one  internal,  the  law  of  heredity,  the  other 
external,  the  pressure  of  a  changing  environinenL  Under  the 
influence  of  two  such  forces,  the  one  urging,  the  other  resisting, 
it  is  evident  that  even  with  steady  changes  of  external  condi- 
tions, the  change  of  organic  forms  would  be  more  or  less  par- 
oxysmal Other  kinds  of  evolution,  physical  and  social,  evi- 
dently advance  paroxysmally  from  this  cause.  As  therefore 
in  the  gradual  evolution  of  earth-features  there  are  periods  of 
comparative  quiet,  during  which  the  forces  of  change  are  gather- 
ing strength,  but  produce  little  visible  effect,  being  resisted  by 
crust-rigidity,  and  periods  when  the  accumulating  forces  finally 
overcome  resistance  and  determine  comparatively  rapid  changes ; 
as  also  in  social  evolution  there  are  periods  in  which  forces  of 
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social  change  are  gathering  strength,  but  make  no  visible  sign, 
being  resisted  by  social  conservatism — rigidity  of  the  social 
crust — and  periods  in  which  resistance  gives  way  and  rapid 
changes  occur ;  so  also  in  the  evolution  of  the  organic  kingdom 
the  forces  of  change,  i.  a  pressure  of  changing  environment, 
may  accumulate  but  make  little  impression,  being  resisted  by 
the  law  of  heredity— oi  Wee  producing  like — or  type-rigidity,  un- 
till  finally  the  resistance  giving  way,  the  organic  form  breaks 
into  fantastic  sports  which  are  at  once  seized  by  natural  selec- 
tion and  rapid  change  is  the  result 

Some. persons  seem  to  think  that  paroxysmal  evolution  is 
inconsistent  with  the  uniformity  of  Nature's  laws.  On  the 
contrary,  it  is  in  perfect  accord.  Laws  and  forces  are  indeed 
uniform,  but  phenomena  are  nearly  always  paroxysmal.  The 
forces  of  volcanos  and  earthquakes,  of  lightning  and  tempests 
are  uniform,  but  the  phenomena  are  paroxysmal.  Winds  at 
the  earth's  surface,  where  the  resistance  is  great,  blow  in  puffs. 
A  thin  sheet  of  water  over  a  smooth  sloping  surface  runs  in 
waves.  The  law  may  be  illustrated  in  a  thousand  ways.  In 
all  cases  where  an  accumulating  force  is  opposed  by  a  constant 
resistance,  we  have  phenomena  in  paroxysms. 

But  whatever  be  the  cause,  the  fact  of  paroxysmal  move- 
ment of  organic  evolution  is  undoubted.  All  along  the  course 
of  geological  history,  from  beginning  to  end,  even  when  the 
times  were  quietest,  where  the  record  is  fullest  and  apparently 
without  any  missing  leaf,  species  come  and  go  and  others  take 
their  place,  and  yet  only  rarely  do  we  find  any  transition-steps. 
If  this  were  only  once  or  twice  or  thrice,  or  to  any  extent 
exceptional,  it  might  be  explained  by  loss  of  record  liere  and 
there,  but  it  occurs  thousands  and  tens  of  thousands  of  times. 
Now  if  evolution  moves  only  at  uniform  rate — if  it  takes 
100,000  years  to  transmute  one  species  into  another  (as  it  cer- 
tainly does  when  evolution  is  moving  at  its  usual  rate) — if 
there  are  at  least  100,000  stqps  (represented  each  of  course  by  a 
whole  generation  of  many  individuals^,  between  every  two  con- 
secutive species,  it  is  simply  incredible  that  all  the  individuals 
representing  the  intermediate  steps,  so  infinitely  more  numer- 
ous than  the  species  they  connect,  should  be  so  generally,  almost 
universally  lost  But  the  phenomena  as  we  find  tnem,  are 
easily  understood,  if  a  few  generations  represent  the  transition 
step,  and  many  generations  the  permanent  form. 

A  similar  rapid,  almost  sudden  appearance  and  extinction  of 
genera^  families  and  higher  ^i^^ps  at  certain  horizons,  are  also 
common.  In  these  cases  the  intermediate  steps  of  transition 
are  often  found,  and  constitute  in  fact  the  chief  demonstrative 
evidence  of  the  truth  of  evolution.  But  the  difficulty  on  the 
assumption  of  a  uniform  rate  of  evolution  is  none  the  less  here. 
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for  the  time  required  to  evolve  a  new  genus  or  a  new  family  is 
of  course  immensely  greater  than  in  the  case  of  a  new  specie& 

We  will  illustrate  the  difficulties  of  the  ordinary  view  by 
one  striking  example.  In  the  Upper  Silurian  in  the  midst  of 
a  conformable  series,  where  if  there  be  any  break— any  lost 
record — surely  it  must  be  very  small,  appear  suddenly,  with- 
out premonition.  Fishes :  not  a  connecting  link  between  fishes 
and  any  form  of  invertebrates,  but  perfect,  unmistakable  fishes. 
Here  we  have,  therefore,  the  appearance  not  only  of  a  new  class, 
but  of  a  new  sub-kingdom  or  type  of  structure,  VertebralcL 
Now  to  change  from  any  previously  existing  form  of  inverte- 
brate, whether  worm,  crustacean  or  mollusk,  into  a  vertebrate, 
by  a  series  of  imperceptible  steps  represented .  by  successive 
generations — steps  so  imperceptible  that  it  would  take  100,000 
of  them  to  advance  from  one  intermediate  species  to  another — 
would  require  an  amount  of  time  which  is  inconceivable  lo  the 
human  nund,  and  a  number  of  steps,  eiich  be  it  remembered, 
represented  by  thousands  of  individuals,  which  can  scarcely  be 
expressed  by  figures.  And  yet  we  must  believe  that  these 
innumerable  transitional  forms,  each  represented  by  innumera- 
ble individuals,  are  all  lost,  and  that  this  prodigious  time  shows 
no  evidence  in  the  rocky  record.  If  this  case  were  exceptional 
we  might  possibly  admit  that  fishes  appeared  in  Great  Britain 
by  migration  (as  they  probably  did),  but  only  after  having  pre- 
viously existed  untold  millions  of  ages,  somewhere  else;  but 
similar  cases  are  too  common  to  be  explained  in  this  way. 

Now  the  whole  difficulty  disappears-r-we  avoid  the  incredi- 
ble imperfection  of  the  geological  record  (imperfect  at  best) — 
we  avoid  also  the  necessity  of  extending  geological  time  to  a 
degree  which  cannot  be  accepted  by  the  physicist — if  we  admit 
that  the  derivation  of  one  species  from  another  is  not  necessa- 
rily by  innumerable  imperceptible  steps^  but  may  sometimes 
be  by  Q,fsw  decided  steps;  and  that  the  same  is  true  for  the  ori- 
gin of  new  genera,  families,  orders^  etc. ;  in  a  word,  that  there 
are  in  the  history  of  evolution  of  species,  genera,  families,  orders, 
etc.,  and  of  the  organic  kingdom,  periods  of  rapid  niovemenL 
When  the  whole  organic  kingdom  is  involved  in  the  move- 
ment^ then  we  call  tne  period  critical,  and  the  record  of  it  is 
often  lost 

Thus,  on  the  supposition  of  such  rigidity  or  resistance  to 
change,  in  organic  lorms,  varying  in  degree  in  diflferent  species 
and  in  different  genera,  families,  orders,  etc.,  a  rigidity,  also, 
increasing  hy  accumulated  heredity  so  long  as  conditions  remain 
unchanged^  it  is  evident  that,  in  times  of  perfect  tranquility  all 
species  grow  more  and  more  rigid.  In  times  of  very  gradual 
change,  the  more  plastic  species  change  gradually  pari  passtL, 
while  the  more  rigid  species  change  paroxysmally,  now  one, 
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now  another,  as  their  resistance  is  overcome.  Finally,  in  times 
of  revolution  nearly  all  forms  yield  to  the  pressure  of  external 
conditions  and  change  rapidly ;  only  the  very  exceptionally  rigid 
being  able  to  pass  over  the  interval  to  the  next  period  of  re-a/ijusted 
equilibrium. 

Thus,  for  example,  the  great  and  wide-spread  changes  of 
physical  geography  which  occurred  at  the  end  of  the  Carbonif- 
erous, appropriately  called  in  this  country,  the  Appalachian 
revolution,  was  the  death-sentence  of  the  long-continuing  and 
therefore  rigid  Paleozoic  types.  But  the  sentence  was  not 
immediately  executed.  The  Permian  represents  the  time 
between  the  sentence  and  the  execution — the  time  during 
which  the  more  rigid  Paleozoic  forms  continued  to  linger  out  a 
painful  existence  in  spite  of  changed  and  still  changing  condi- 
tions. But  the  most  critical  time — the  time  of  most  rapid 
change — the  time  of  actual  execution — was  the  lost  interval 
Only  a  very  few  most  rigid  forms  pass  over  this  interval  into 
the  Triaa 

The  Quaternary y  a  Critical  Period. 

We  have  given  examples  of  several  general  unconformities, 
the  signs  of  wide-spread  oscillations  of  the  earth-crust,  attended 
with  increase  and  aecrease  of  land,  and  therefore  with  great 
and  wide-spread  changes  of  climate  and  other  physical  condi- 
tions, and  therefore  also  with  great  and  rapid  changes  of 
organic  species.  These  times  of  general  oscillation  are  there- 
fore the  natural  boundaries  of  the  Eras  or  primary  divisions  of 
Time.  We  have  called  them  critical  penods,  transition-peri- 
,  ods,  periods  of  revolution,  because  they  are  times  of  rapid 
change,  both  in  the  physical  and  the  organic  worid — ^a  change 
overthrowing  an  ofof  and  establishing  a  new;  order  of  things. 
They  are  also  times  of  lost  record.  We  have  seen,  also,  that 
these  critical  periods,  in  comparison  with  the  preceding  and 
succeeding,  are  continental  pei-iods^  and  it  is  for  this  reason  that 
their  record  is  usually  lost. 

Now,  the  Quaternary  is  also  such  a  critical  or  transition 
period,  marking  the  boundary  between  two  gi*eat  Eras.  The 
Quaternary  is  also  a  period  of  great  and  wide-spread  oscillations, 
with  increase  and  decrease  of  land — a  period  of  upheaval,  ero- 
sion, down-sinking,  to  rise  again  slowly  to  the  present  condi- 
tion. The  early  Quaternary  was,  also,  therefore,  to  a  marked 
degree,  a  continental  period.  Here  also  we  have  newer  rocks 
lying  unconformably  on  the  eroded  edges  of  an  older  series — 
river  sediments  in  old  river  valleys,  marine  sediments  in  fiords 
— in  other  words,  we  have  unconformity  on  a  grand  scale. 
Also  in  connection  with  these  oscillations  we  have  great 
changes  in  physical  geography,  and  corresponding  and  very 
wide-spread  changes  in  climate,  and  therefore  corresponding 
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rapid  changes  in  organic  forms.  Here  then  we  have  all  the 
characteristics  of  one  of  the  bonndaries  between  the  primaiy 
divisions  of  tima  Here  then  we  have  a  transition  or  critical 
period — a  period  corresponding  to  one  of  the  lost  intervals; 
only  in  this  instance  being  so  recent,  and  being  also  less  vio- 
lent than  the  preceding  ones,  it  is  not  lost  The  stud^  of  the 
Qaaternary,  tnerefore,  ought  to  furnish  the  key  which  will 
unlock  many  of  the  mysteries  which  now  trouble  us.  Some  of 
the  problems  which  have  been  or  will  be  explained  by  study 
of  tne  Quaternary,  we  will  now  briefly  mention. 

L  Changes  of  species  not  sudden. — If  the  Quaternary  were  lost 
and  we  compared  the  Tertiary  rocks  with  the  unconformably 
overlying  recent  rocks,  and  the  Tertiary  mammals  with  those 
.  now  living,  how  great  and  apparently  sudden  seems  the  change  I 
How  like  to  a  violent  extermination  and  re-creation !  But  the 
Quaternary  is  fortunately  not  lost,  and  we  see  that  there  has 
been  no  such  wholesale  extermination  and  re-creation,  but  only 
gradual  though  comparatively  rapid  change. 

II.  Migration  one  chief  cause  of  change. — ^But  what  is  still 
more  important,  we  are  able  to  trace  with  something  like  cer- 
tainty, the  cause  of  these  rapid  changes,  and  we  find  that  in 
the  higher  animals,  chief  among  these  have  been  migrations — 
migrations  enforced  by  changes  of  climate,  and  migrations  per- 
mitted by  changes  of  physical  geography  opening  gateways 
between  r^ons  previously  separated  by  impassable  barriers. 
This  point  is  so  important  that  we  must  dwell  upon  it  Only 
an  outline,  however,  of  some  of  these  migrations  and  their 
effects  on  evolution  can  be  given  in  the  present  condition  of 
knowledga 

During  Miocene  times,  as  is  well  known,  evergreens,  allied 
to  those  now  inhabiting  Southern  Europe,  covert  the  whole 
of  Europe  as  far  north  as  Lapland  and  Spitzbergen.  la 
America,  Magnolias,  Tax  odiums,  Libocedrus  and  Sequoias  very 
similar  to,  if  not  identical  with  those  now  living  on  the  Southern 
Atlantic  and  Gulf  coast  and  in  Califomia,were  abundant  in  Green- 
land. Evidently  there  could  have  been  no  Polar  ice<ap  at  that 
time  and  therefore  no  Arctic  species  unless  on  mountain  tops. 
During  the  latter  part  of  the  Pliocene  the  temperature  did  not 
diflfer  much  from  the  present ;  the  polar  ice-cap  had  therefore 
commenced  to  form,  with  its  accompaniment  of  Arctic  species. 
With  the  coming  on  of  the  Olacial  epochs  the  polar  ice  and  Are- 
tic  conditions  crept  slowly  southward,  pushing  Arctic  species 
to  middle  Europe  and  Middle  United  States,  and  sub- Arctic 
species  to  the  shores  of  the  Mediterranean  and  the  Gulf. 
With  the  return  of  more  genial  climate,  Arctic  conditions  went 
slowly  northward  again,  and  with  them  went  Arctic  species 
slowly  migrating  generation  after  generation  to  their  present 
Arctic  home. 
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Similarly  molluscous  shells  migrated  slowly  southward  and 
again  northward  to  their  present  position.  But  plants  and 
some  terrestrial  invertebrat^  such  as  insects^  had  an  alternative 
which  shells  had  not,  viz :  that  of  seeking  Arctic  conditions  also 
upward  on  the  tops  of  mountains.  Manj^  did  so  and  were 
left  stranded  there  until  now.  It  is  in  this  way  that  we  now 
accoutit  for  the  otherwise  inexplicable  fact  that  Alpine  species 
in  Middle  Europe  are  similar  or  even  largely  identical  with 
those  in  the  United  States,  and  both  with  those  now  living  in 
A  rctic  regions.  These  species  were  widespread  all  over  Europe 
and  United  States  in  Qlacial  times ;  and  while  some  of  them 
afterward  went  northward  to  their  present  home,  some  in  each 
country  sought  Arctic  conditions  in  Alpine  isolation.  Thifl  ex- 
planation, which  has  been  long  recognized  for  plants,  has  been 
recently  applied  by  Mr.  Grote,  also  to  Arctic  insects  found  on 
the  top  of  Mt  Washington  and  the  mountains  of  Colorado.* 

Unaoubtedly  changes  of  climate  during  this  time  enforced 
similar  migrations  among  mammals  also.  But  it  is  evident 
that  while  plants  and  invertebrates  might  endure  such  changes 
of  climate  and  such  enforced  migrations  with  little  change  of 
form,  the  more  highly  organized  and  sensitive  mammalian 
species  must  be  either  destroyed  or  else  must  undergo  more 

Erofound  changes.  Moreover,  the  opening  of  land-connections 
etween  regions  previously  isolated  by  barriers  would  be  far 
more  quickly  taken  advantage  of  by  mammals  than  by  inver- 
tebrates and  plants.  The  migrations  of  plants  are  of  necessity 
very  slow,  i.  e.,  from  generation  to  generation.  The  migrations 
of  mammals  too,  so  far  as  they  are  enforced  by  changing  climate, 
are  of  a  similar  kind ;  but  the  voluntary  migrations  of  mammals 
permitted  by  removal  of  barriers  may  take  place  much  more 
rapidly — even  in  a  few  generations.  This  introduces  another 
element  of  very  rapid  local  change,  viz:  the  invasion  of  one  fauna 
by  another  ec|ually  well  adapted  to  the  environment,  and  the 
struggle  for  life  between  the  invaders  and  the  autochthones. 

For  example:  in  America  during  the  Glacial  epoch,  coinci- 
dently  with  the  rigorous  climate,  there  was  an  elevation  of  the 
continent,  greatest  in  high  latitude  regions,  but  also  probably 
greatest  along  the  line  of  the  Mississippi  Kiver;  for  in  this 
region  it  extended  southward  even  to  and  beyond  the  shores 
of  the  Gulf.  Professor  Hil^d  has  shown  that  the  eleva- 
tion at  the  mouth  of  the  Mississippi  Biver  was  at  least  460  to 
500  feet  above  the  present  condition.  Until  the  Glacial  times 
the  two  Americas  were  certainly  separated  by  sea  in  the  region 
of  the  Isthmus,  as  shown  by  the  Tertiary  deposits  there.  This 
barrier  was  removed  by  upheaval  dunng  the  Glacial  epoch, 

*  This  application,  with  reference  to  Mount  Washington  and  other  Arctic  insects 
in  America,  was  previooslj  made  bj  Prof.  A.  8.  Packard,  Jr.,  in  the  Memoirs  of 
the  Boston  Soc.  Nat.  Hist,  i,  p.  256,  1867.— Eds. 
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and  a  far  broader  connection  existed  then  than  now.  Through 
this  open  gateway  came  the  fauna  of  South  America,  especially 
the  great  Edentates,  into  North  America.  Similarly  a  broad 
connection  then  existed  between  America  and  Asia  in  the 
regions  of  the  shallow  sea  between  the  Aleutian  Isles  and 
Behring  Straits.  Through  this  gateway  came  an  invasion  from 
Asia,  including  probably  the  Mammoth.  With  this  invasion 
probably  came  also  Man.  It  seems  probable,  therefore,  that 
the  earliest  remains  of  man  in  America  will  be  found  on  the 
Pacific  coast. 

Also  the  great  Pliocene  Lake,  which  stretched  from  near  the 
shores  of  the  Gulf  far  into  British  America,  and  possibly  into 
Arctic  r^ons,  and  formed  a  more  or  less  complete  barrier  to 
the  mammalian  fauna  east  and  west,  was  abolished  by  upheaval, 
and  free  communication  was  established.  It  is  impossible  that 
all  these  changes  of  climate  and  all  these  migrations,  partly 
enforced  by  changes  of  climate  and  partly  permitted  by 
removal  of  barriers,  and  in  this  latter  case  especially  attended 
with  the  fiercest  struggle  for  life,  should  not  produce  rapid  and 
profound  changes  in  the  mammalian  fauna. 

In  Europe  the  process  has  been  more  accurately  studied  and 
is  better  known.  In  Quaternary  times  at  least  four  different 
mammalian  faunae  struggled  for  mastery  on  European  soiL 
1.  The  Pliocene  Autochthones.  2.  Invasions  from  Africa  by 
opening  of  gateways  through  the  Mediterranean — one  by  way 
01  Italy,  Sicily  and  Malta,  and  one  by  Gibraltar,  both  of 
which  have  been  again  closed.  8.  Invasions  from  Asia,  by 
removal  of  a  great  sea-barrier  connecting  the  Black  and  Cas- 
pian with  the  Arctic  Ocean.  This  gateway  has  remained  open 
ever  since.  4.  Invasions  from  Arctic  regions  enforced  by 
changes  of  climate.  Probably  more  than  one  such  invasion 
took  place :  certainly  one  occurred  during  the  second  Glacial 
epoch.  The  final  result  of  all  these  climatic  changes  and  these 
struggles  for  mastery  was  that  the  Pliocene  Autocthones, 
adapted  to  a  more  genial  climate,  were  mostly  destroyed  or 
else  driven  southward  with  some  change  into  Africa;  the 
African  invaders  were  driven  back  also  into  Africa,  and  with 
some  Pliocene  Autocthones  isolated  there  by  subsidence  in 
Mediterranean  region  closing  the  southern  gateways,  and  still 
exist  there  under  slightly  modified  forms;  the  Arctic  invaders 
were  again  driven  northward  by  return  of  more  genial  climate, 
and  there  remain  to  this  day;  while  the  Asiatics  remained 
masters  of  the  field,  though  greatly  modified  by  the  conflict 
Or  perhaps  more  accurately  we  might  say  that  the  existing 
European  mammalian  fauna  is  a  resultant  of  all  these  factors, 
but  the  controling  factor  is  the  Asiatic.  With  the  Asiatic 
invasion  came  man,  and  was  a  prime  agent  in  determining  the 
final  result. 


.Digitized  by  VjOOQiC 


J,  LtOonU — Critical  Periods  in  the  History  of  the  Earth.  118 

Thus,  regarding  the  Tertiary  and  the  Present  as  consecutive 
Eras  and  tue  {Quaternary  as  the  transition  or  critical  period 
between ;  then,  if  the  record  of  this  period  had  been  lost,  cor- 
responding witii  the  unconformity  here  found,  we  should  have 
had  here  an  enormous  and  apparently  sudden  change  of 
mammalian  species.  Yet  this  change  of  fauna,  as  great  as  it 
is,  is  not  to  be  compared  with  that  which  occurred  between 
the  Archaean  and  raleozoic,  or  between  the  Paleozoic  and 
Mesozoic,  or  even  that  between  the  Mesozoic  and  Cenozoic; 
for  the  change  during  the  Quaternary  is  mostly  confined  to 
species  of  the  higher  mammals,  while  the  change  during  pre- 
vious critical  periods  extended  to  species  of  aU  grades:  and 
not  only  to  species,  but  to  genera,  lamilies,  and  even  orders. 
We  conclude,  therefore,  that  the  previous  critical  periods  or  lost 
intervals  were  far  longer  than  the  whole  Quaternary  ;  or  else  that 
the  rate  ofevoltUion  was  far  more  rapid  in  these  earlier  times. 

To  sum  up  then  in  a  few  words  the  general  formal  laws  of 
evolution-change  throughout  the  whole  history  of  the  earth  : 

1.  Gradual,  very  slow  changes  of  form  everywhere  under  the 
influence  of  all  the  factors  of  change,  known  and  unknown — 
e.  g.,  pressure  of  changing  physical  conditions  whether  modi- 
fying the  individual^  certainly  one  factor,  or  selecting  iJte  fittest 
offspring^  certainly  another  factor;  improvement  of  organs  by 
use  and  the  improvement  inherited,  certainly  a  third  factor, 
and  perhaps  still  other  factors  yet  unknown.  This  general 
evolution  by  itself  considered  would  produce  similar  changes 
everywhere,  and  therefore  would  produce  geological  faunae, 
but  not  geographical  diversity.  Determination  of  a  geological 
horizon  would  m  this  case  be  easy,  because  fossil  species  would 
be  identical  everywhere. 

2.  Changes  in  different  places  and  under  diflferent  physical 
conditions  taking  diiferent  directions  and  advancing  at  different 
rates,  give  rise  to  geographical faunoe.  This,  if  there  were  noth- 
ing more,  would  produce  fis^r  greater  geographical  diversity  and 
more  complete  localization  of  faunae  and  florae  than  now  exists ; 
so  great  tnat  the  determination  of  a  geological  horizon  would 
be  inapossible. 

8.  The  forces  of  change  resisted  by  heredity,  in  some  species 
and  genera  more  than  others,  determines  paroxysms  of  more 
rapid  movement  of  general  evolution  affecting  sometimes  spe- 
cies, sometimes  genera  or  families.  The  sudden  appearance  of 
species,  genera,  families,  etc.,  in  quiet  times  is  thus  accounted 
for. 

4  During  critical  periods^  oscillations  of  the  crust,  with  rapid 
changes  of  physical  geography  and  climate,  determine  a  more 
rapid  rate  of  change  in  all  forms,  1st,  by  greater  pressure  of 
physical  conditions^  and,  2d,  by  migrations  partly  enforced  by 
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the  changes  of  climate  and  partly  permitted  by  removal  of 
barriers,  and  the  consequent  invasion  of  one  &una  and  flora 
by  another  and  severe  struggle  for  mastery.  This  would  tend  to 
equalize  again  the  extreme  diversity  caused  by  the  second  law  ; 
but  the  effect  would  be  more  marked  in  the  case  of  animals 
than  plants  because  voluntary  migrations  are  possible  only  in 
this  kingdom.  Hence  it  follows  that  a  geological  horizon  is  far 
better  determined  by  the  fauna  than  by  theyiora. 

III.  Historic  value  of  the  Present  time. — Most  geologists  regard 
the  Present  as  one  of  the  minor  subdivisions  of  the  Cenozoic 
Era,  or  even  of  the  Quaternary  period.  More  commonly  the 
Quaternarv  and  Present  are  united  as  one  age — the  age  of 
man — of  the  Cenozoic  Era.  The  Cenozoic  is  thus  divided  into 
two  ages ;  the  age  of  mammals  commencing  with  the  Tertiary, 
and  the  age  of  man  commencing  with  the  Quaternary ;  and 
the  Quaternary  subdivided  into  several  epochs,  the  last  of 
which  is  the  Present  or  Recent  But  if  tne  views  above  ex- 
pressed in  regard  to  critical  periods,  be  correct,  then  the  Pres- 
ent ought  not  to  be  connected  with  the  Quaternary  as  one 
age,  nor  even  with  the  Cenozoic  as  one  era,  but  is  itself  justly 
entitled  to  rank  as  one  of  the  primary  divisions  of  time,  as  one 
of  the  great  eras  separated  like  all  the  other  eras  by  a  critical 
period  ;  less  distinct  it  may  be,  at  least  as  yet,  in  species  than 
the  others,  the  inaugurating  change  less  profound,  the  interval 
less  long,  but  dignified  by  the  appearance  of  man  as  the . 
dominant  agent  of  change,  and  therefore  well  entitled  to  the 
name  Psychozoic  sometimes  given  it  The  geological  import- 
ance of  the  appearance  of  man  is  not  due  only  or  chiefly  to 
his  transcendent  dignity,  but  to  his  importance  as  an  agent 
which  has  already  very  greatly,  and  must  hereafter  still  more 
profoundly,  modify  the  whole  fauna  and  flora  of  the  earth.  It 
IS  true  that  man  first  appeared  in  the  Quaternary;  but  he 
had  not  yet  established  his  supremacy ;  he  was  still  fighting 
for  mastery.  With  the  establishment  of  his  supremacy  the 
reign  of  man  commenced.  An  age  is  properly  characterized 
by  the  culmination^  not  the  first  appearance,  of  a  dominant 
class.  As  fishes  existed  before  the  age  of  fishes,  reptiles  be- 
fore the  age  of  reptiles,  and  mammals  before  the  age  of  mam- 
mals, so  man  also  appeared  before  the  age  of  man. 

We,  therefore,  regard  the  Cenozoic  and  Psychozoic  as  two 
consecutive  eras,  and  the  Quaternary  as  the  critical,  revolu- 
tionary or  transitional  period  between.  But  since  the  record 
of  this  last  critical  period  is  not  lost  and  we  must  place  it 
somewhere,  it  seems  best  to  place  it  with  the  Cenozoic  Era 
and  the  mammalian  age,  and  to  commence  the  Psychozoic 
Era  and  age  of  man  with  the  completed  supremacy  of  man, 
i.  e.  with  the  Present  epoch. 

Berkelej,  Oalifomia,  March  15, 1877. 
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Art.  XVIL — Notes  on  ike  internal  and  external  structure  of 
Paleozoic  Cnnoids  ;  by  Chables  Wachsmuth. 

The  structure  of  fossil  Crinoids  has  occupied  the  attention 
of  many  able  writers,  and  numerous  ingenious  and  plausible 
theories  have  been  advanced  to  demonstrate  the  physiological 
functions  of  the  various  parts  of  their  complicated  organization. 
The  results  of  investigations  heretofore  made  have  been  by  no 
means  harmonious,  and  newly  discovered  evidence  renders 
many  of  these  theories  whollv  unsatisfactory.  I  have  been 
favored  with  unusual  facilities  for  obtaining  accurate  knowledge 
upon  many  of  the  questions  involved  in  these  researches,  and 
therefore  hope  that  1  may  contribute  useful  information  on  the 
subject.  Tne  collections  of  eighteen  jears  at  Burlington,  Iowa, 
have  brought  to  light  material,  unnvaled  elsewhere,  for  this 
study.  I  nave  obtained  upwards  of  four  hundred  species  of 
Crinoids  at  that  locality,  many  of  the  specimens  in  such  a 
condition,  that  not  only  the  whole  calcareous  skeleton  of  the 
aninml,  but  even  the  most  delicate  internal  organs  are  preserved 
almost  as  perfectly  as  in  those  dredged  from  our  present  seas. 
Careful  observations,  extending  through  many  years,  and  study 
of  this  material  in  connection  with  extensive  collections  from 
other  formations,  have  enabled  me  to  add  to  the  present  know- 
ledge of  these  forms  many  interesting  and  important  facts,  and 
have  led  me  to  conclusions  which  1  present  in  the  following 
pages. 

1.  The  mouth  and  tfie  tubular  skeleton  below  the  vaidL 

The  apparent  absence  of  a  mouth  has  proved  to  be  one  of 
the  most  perplexing  points  in  the  investigation  of  the  structure 
of  Paleozoic  Crinoioa  In  all  Eadiates  (even  of  the  most 
inferior  groups),  this  orcan  is  located  invariably  at  one  end  of 
the  vertical  axis,  although  that  axis  or  center  is  "not  always  the 
center  of  figura  It  occupies  in  the  recent  Crinoids  the  upper 
end  of  this  axis,  but  in  many  at  least  of  the  Paleozoic  Crinoids, 
the  portion  of  the  summit,  where  from  analogy,  we  should 
expect  to  find  the  oral  aperture,  is  perfectly  covered  by  solid 
and  immovable  plates.  The  only  aperture  in  connection  with 
the  visceral  cavity  is  lateral  or  subcentral,  placed  outside  of  the 
radiation  and  within  the  interradial  area,  where,  from  analogy, 
we  must  expect  to  find  the  anus.  If,  as  Mr.  Billings,*  Dr. 
Whitef  and  the  older  writers  on  Crinoids  supposed,  this  aper- 
ture served  both  as  mouth  and  vent,  so  that  these  Crinoids 
took  in  their  food  through  the  anus,  this  stands  as  the  sole 

•This  Journ.,  1869,  vol.  xlviii,  No  142,  p.  69. 

t  Journ.  Nat  Hist  Boston,  1862,  voL  tU,  No.  4,  p.  481. 
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exception  to  the  rale  ffoveming  the  clas&  It  is  true,  the 
Opbiurans,  for  instance,  have  no  separate  anal  opening,  and  the 
same  aperture  performs  both  oral  and  anal  f anctions,  but  it  is 
placed  within  tne  radial  center  and  therefore  cannot  be  homolo- 
gized  with  the  interradial  orifice  of  Paleozoic  Orinoids.  In 
Antedon  rosaceus^  although  the  nascent  Crinoid  develops 
already  within  the  pseudembryo  a  separate  mouth  and  vent, 
a  single  orifice  serves  for  some  time  both  as  oral  and  anal  aper- 
ture, yet  it  is  the  permanent  mouth  occupying  the  center  of  the 
ambulacral  system.*  While  we  thus  find  the  mouth  perfonn- 
inff  permanently  or  temporarily  anal  functions,  we  have  on  the 
other  hand  na  evidence  either  from  recent  nature  or  from  em- 
bryology that  an  anus  ever  becomes  developed  into,  or  per- 
forms the  office  o^  a  mouth. 

The  Orinoids  of  our  present  seas  live  exclusively  on  micro- 
scopic food,  and  we  must  expect  to  find  that  the  Paleozoic  Ori- 
noids subsisted  upon  very  similar  food  and  had  a  very  similar 
mode  of  alimentation.  Whenever  in  Antedon  alimentary  par- 
ticles fall  upon  the  farrows  of  the  arms  or  pinnulse,  they  are 
transmitted  downward  along  these  furrows  to  the  month 
wherein  the  furrows  terminate.  Dr.  Carpenter  remarks  on  this 
subject  :t 

**  The  transmission  of  alimentary  particles  along  the  ambula- 
cral furrows  is  the  resalt  of  the  action  of  cilia  witn  which  their 
surface  is  clothed.  Although  I  have  not  myself  succeeded  in 
distinguishing  cilia  on  the  surface  which  forms  the  floor  of 
these  furrows,  yet  I  have  distinctly  seen  such  a  rapid  passage 
of  minute  particles  along  their  groove  as  I  could  not  account 
for  in  any  other  mode,  and  I  am  therefore  disposed  to  believe 
in  their  existence.  Such  a  powerful  indraught,  moreover, 
must  be  produced,  about  the  r^ons  of  the  mouth,  by  the  ac- 
tion of  the  large  cilia  which  fringe  various  parts  of  the  internal 
wall  of  the  alimentary  canal,  as  would  materially  aid  in  the 
transmission  of  minute  particles  along  those  portions  of  the 
ambulacral  furrows  which  immediately  lead  toward  it ;  and  it 
is,  I  feel  satisfied,  by  the  conjoint  agency  of  these  two  mov- 
ing powers,  that  the  alimentation  of  Antedon  is  ordinarily 
effected." 

,  It  appears  from  these  observations,  that  the  mouth  of  Ante- 
don has  no  special  functions  as  such,  but  is  merely  a  receiv- 
ing center  or  general  passage,  into  which  the  food  which  acci- 
dentally falls  in  contact  with  the  furrows  of  the  arms  or  pin- 
nulad,  enters;  a  passage  which  might  as  well  be  external,  bid- 
den beneath  a  vault,  as  open  to  the  surrounding  element,  pro- 

•  Sir  Wyville  Thomflon,  PhiL  Trans,  of  the  Royal  Society. 

f  Researches  on  the  Structure,  Physiology  and  Development  of  Antedon  rvm- 
eeu8.  Part  I,  by  W.  B.  Carpenter,  M.D.,  F.R.S.,  PhU.  Trans.  Roy.  8oc  voL  dyi, 
Part  n,  1866. 
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vided  the  food  could  be  brought  in  contact  with  it  The  large 
cilia  on  the  inner  wall  of  the  alimentary  canal,  which  Dr.  Car- 
penter describes  as  being  capable  of  producing  such  a  power- 
ful indraught  to  the  region  of  the  mouth,  afibrd,  it  seems  to 
me,  also  a  very  satis&ctory  explanation  of  the  mode  bv  which 
the  transmission  of  food  was  eflfected  in  Paleozoic  Crinoids. 
How  much  more  powerful  must  have  been  the  effects  of  these 
cilia  in  individuals,  in  which  mouth  and  furrow  were  arched 
over  and  in  which  the  current  was  unobstructed  from  without. 
Considering,  further,  that  probably  the  covered  parts  of  the 
food  channels  themselves  were  fringed  with  cilia  of  similar 
functions,  it  could  have  been  of  but  little  moment  how  remote 
from  the  mouth  the  food  entered.  We  find  another  most  strik- 
ing example  in  confirmation  of  this  supposition  in  Hypomene 
Sarsi  Lov^n,  a  recent  Cystidian,  indicatmg  in  analogy  with  re- 
cent nature  that  Crinoids  had  the  mouth  sometimes  intemah 
Prof.  Lov^n  found  in  the  covered  parts  of  its  channels  micro- 
scopic Crustacea,  larval  bivalves,  and  other  remains  of  the  food 
of  the  animal,  apparently  taken  through  thie  open  parts  of  the 
channels.  Applying  this  observation  to  Paleozoic  Crinoids  it 
seems  very  probable  that  their  food  was  taken  up  along  the 
open  parts  of  the  arms  or  pinnulse,  and  conveyed  tnrough  the 
closea  parts  to  the  concealed  mouth. 

Dr.  Ludvig  Schultze,  in  his  excellent  "Monograph  on  the 
Echiuoderms  of  the  Eifel,  Vienna,  1867,"  was,  so  far  as  I 
know,  the  first  author,  who  suggested  the  idea,  that  all  Cri- 
noids which  are  covered  on  their  ventral  side  by  solid  plates, 
and  have  but  one  orifice,  were.provided  with  an  internal  mouth. 
He  further  suggested,  that  the  food  was  conveyed  by  the  open 
food  groove  to  the  inner  cavity  through  the  arm-openings  at 
the  base  of  the  arms,  by  means  of  subtegminal  channels  along 
the  inner  surface  of  the  vault 

Dr.  Liitken,  fully  confirming  Dr.  Schnitzels  observations, 
gives  a  full  description  of  the  ducts  and  subtegminal  galleries, 
and  compares  these  with  the  covered  food  grooves  in  Hypo- 
mene Sarsi,  expressing  the  opinion,  that  the  galleries  under- 
neath the  summit,  which  he  considered  to  be  closed  at  the  bot- 
tom and  thus  transformed  into  ducts,  were  food  passages. 

Meek  &  Worthen  describe  and  figure  in  the  Illinois  Geolog- 
ical Eeport,  vol.  V,  from  my  former  collection,  now  in  the  Mu- 
seum ot  Comparative  Zoology  at  Cambridge,  several  specimens 
of  well-preserved  digestive  organs,  and  also  an  Actinocrinus  pro- 
boacidiaUsj  in  which  a  skeleton  of  tubular  canals  proceeds  from 
a  point  below  the  central  axis  of  the  vault,  to  the  arms.  There 
are  in  that  specimen  five  main  tubes  which  bifurcate  midway 
toward  the  arm  bases,  each  division  bifurcating  again,  sending 
a  branch  to  each  one  of  the  twent}*^  arms  of  that  species.     The 
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main  tubes  and  branches  are  constructed  on  their  lower  side  of 
alternating  plates,  upon  which  on  either  side,  a  second  row  of 
minute  quaarangular  interlocking  plates  is  attached,  longitudi- 
nally arranged,  tnus  covering  the  tubes.  The  upper  rows  of 
plates  are  not  preserved  in  this  specimen,  but  I  nave  found 
them  in  two  specimens  of  Strotocrinua,  which  I  obtained  re- 
cently, in  whicn  thejr  are  well  preserved  and  in  place.  The 
condition  of  the  specimen,  as  Meek  &  Worthen  remark,  leaves 
but  little  doubt,  but  that  the  tubes  form  through  the  arm-opeo- 
ings  of  the  calyx  a  continuation  of  the  arm  f urrowa  In  re- 
moving parts  of  the  vault,  I  unfortunately  broke  the  upper 
part  01  the  fragile  skeleton,  but  enough  is  preserved  to  prove 
that  the  five  main  tubes  did  not  connect  airectly  with  each 
other,  but  communicated  at  their  upper  end  separately,  as  it 
seems,  with  an  annular  vessel  of  which  traces  are  jet  preserved. 
Such  a  vessel  was  found  in  wonderful  preservation  m  a  speci- 
men of  Adinocrinus  VerneuUianus  Shum.  The  radiating  ca- 
nals were  here  not  preserved,  but  the  little  openings,  through 
which  they  communicated,  are  plainly  visible  in  the  circu&r 
organ.  There  are,  at  the  lower  side  of  the  ring,  which  is  com- 
posed of  minute  interlocking  plates,  five  other  small  openings, 
whichj  alternating  with  the  former  ones,  were  apparently  in  con- 
nection with  organs  of  the  interradial  system  (communicating 
perhaps  with  a  circulatory  system).  The  whole  upper  part  of 
the  stomach  is  here  placed  within  the  ring, — dijBfenng  m  this 
particular  from  Actinocrinus  proboscidialia,  in  which  only  a  spiral 
alimentary  tube  passes  out  from  the  interior  of  the  convoluted 
digestive  organ.  The  several  tubes  of  the  skeleton,  though 
closely  following  the  direction  of  the  vault,  but  without  touch- 
ing it,  are  placed  here  within  some  obscure  furrows  along  its 
inner  surface. 

Such  furrows  in  the  vault  can  be  observed  in  many  Paleo- 
zoic Crinoida  They  are  either  elevations  of  the  vault  itself  or 
are  formed  by  ridges  or  partitions  on  the  inner  sur&ce,  which 
are  always  deepest  toward  the  anal  side.  The  grooves  are 
sometimes  closed  underneath,  particularly  in  verv  old  speci- 
mens, thus  forming  regular  ducts  or  tunnels.  Their  arrange- 
ment seems  to  be  similar  in  all  these  Crinoids,  no  matter 
whether  the  species  has  a  subcentral .  proboscis  or  merely  a 
lateral  opening,  they  always  diverge  from  a  plane  on  the  inner 
wall  of  the  vault,  in  front  of  the  anus,  and  branch  to  the  arm 
openings. 

Foi*^  further  information  on  this  subject,  I  will  now  call  atten- 
tion to  some  most  excellent  natural  casts,  mostly  of  Actino- 
crinidsB,  which  I  obtained  from  chertv  layers  of  the  Upper 
Burlington  limestone.  The  outer  shell  or  limestone  test  was 
generally  attached  when  I  found  them,  but  so  much  decayed. 
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that  it  was  removed  by  the  least  touch.  The  substance  of 
which  the  casts  are  formed  appears  to  have  been  a  fine  silicious 
mud  which  could  penetrate  the  smallest  pores.  The  internal 
organs  are  of  course  not  preserved,  but  their  impressions  at  the 
surface  of  the  casts  throw  much  light  on  the  structure  beneath 
the  vault.  The  center  of  radiation  appears  here  a  small  pen- 
tagonal, rounded,  or  in  species  with  strong  subcentral  proboscis, 
subtriangular  or  even  heart-shaped  space  or  plane,  enclosed  by 
a  deep  groove,  from  which,  in  some  of  these  specimens,  ele- 
vated ridges,  alternating  with  depressions,  pass  out  toward  the 
arms ;  but  before  quite  reaching  them,  there  proceeds,  from  be- 
low the  ridges  of  the  casts  to  every  arm,  a  smaller  ridge  which 
clearly  indicates  the  tubular  canal,  as  described  in  Aciinocrinus 
proboscidialis.  The  casts  are  so  perfect  that  I  can  even  detect 
at  some  places  the  impressions  of  the  alternating  minute  plates 
of  the  tubea 

The  casts  are  easily  understood,  if  we  remember  that  the 
broader  ridges  are  impressions  of  the  grooves  in  the  vault,  and 
that  the  depressions  correspond  to  the  partitions  which  formed 
the  grooves.  The  radiating  tubes,  where  they  do  not  appear  in 
the  casts,  were  evidently  placed  at  some  distance  from  the 
vault,  and  therefore  enveloped  and  obliterated  by  the  material 
forming  the  casts;  but  on  approaching  the  arm-bases,  they 
closely  underlie  the  test,  and  their  counterparts  are  preserved. 

I  have  already  mentioned  in  the  casts  a  pentagonal  space, 
surrounded  by  a  furrow,  as  being  the  center  of  radiation.  It 
is  located  anterior  to  the  proboscis,  occupying  a  central  or 
nearly  central  position.  The  middle  of  the  space  is  occupied 
frequently  either  by  a  small  opening  or  by  a  little  cone  indi- 
cating an  aperture  leading  toward  the  inner  cavity,  but  in  these 
casts  the  aperture  is  isolated,  and  there  appears  on  the  surface  no 
connection  with  the  annular  groove  surrounding  it  To  under- 
'  stand  this  structure  it  becomes  necessary  to  examine  first  some 
other  casts  from  the  same  locality,  mostly  of  Strotocrinus  and 
ActinocrinuSj  but  also  several  oi  Baiocrinusj  though  of  different 
species  from  those  which  I  have  just  describea.  These  casts 
hiave  no  annular  groove,  and  the  radiation  which  is  marked 
by  elevated  rounded  ridges,  almost  like  strings  overlying  the 
surface,  proceeds  from  a  point  in  the  center  where  I  noticed  the  , 
little  aperture  in  the  former  casts.  The  strings  diverge  toward 
the  arm-bases  in  the  same  manner  as  the  tubular  canals ;  they 
are  stronger  toward  the  center,  decreasing  in  size  with  each  bifur- 
cation. That  these  ridges  are  remains  of  muscular  cords  is  not 
probable  from  the  perishable  nature  of  such  organs,  and  they 
are  not  their  casts,  or  they  should  have  left  depressions  in  place 
of  elevationa  They  can  only  be  casts  of  passages  which  com- 
municated with  the  central  aperture,  and  which  were  evidently 
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yet  preserved  when  the  siliceous  mud,  forming  the  casts,  pene- 
trated the  body,  but,  their  calcareous  parts  becoming  in  the 
course  of  time  decomposed,  a  cast  was  left  only  of  their  inner 
channel,  and  this  explains  their  string  like  appearance.  The 
little  central  aperture,  located  at  the  upper  end  of  the  vertical 
axis,  occupied  on  the  casts,  and  hence  below  the  vault  of 
these  Crinoids,  exactly .  the  same  position  that  the  internal 
moutii  of  Antedon  occujaies  at  the  peristome,  while  the  position  of 
the  string-like  ridges  (m  case  they  represent  passages  bs  I  can 
hardly  doubt),  is  analogous  with  that  of  the  open  food  grooves 
of  recent  Crinoids. 

The  annular  groove  on  the  casts  is  probably  an  impression  of 
the  annular  vessel  of  which  the  calcareous  parts  have  decom- 
posed. This  organ,  in  the  fossil  state,  heretofore  only  observed 
m  the  case  of  Actinocrinus  VerneuUianus,  existed  undoubtedly^ 
in  all  Crinoids.  That  we  find  no  trace  of  it  in  some- of  the 
casts  is  no  proof  to  the  contrary ;  it  may  have  been  sometimes 
composed  of  more  perishable  material  and  was  not  preserved, 
or  situated  at  a  greater  distance  from  the  vault  and  covered  by 
the  substance  of  which  the  casts  were  formed. 

2.  The  ventral  furrow  of  the  arms. 

The  arms  of  Palaeozoic  Crinoids  manifest  great  diversity 
in  outer  form  and  structure,  but  are  invariably  provided  with 
a  ventral  furrow,  which  continues  from  the  arm  bases  up  to 
the  tips  of  the  arms  and  along  the  pinnulae.  The  pinnulae 
spring  out  alternately  right  and  left  from  the  arm-plates,  their 
furrows  connecting  with  that  of  the  arm  and  formmg  in  fact  a 
continuation  of  the  same. 

The  furrow  appears,  in  specimens  in  ordinary  preservation, 
as  a  simple  groove,  which  communicates  through  the  arm 
openings  with  the  inner  cavity  of  the  body.  Only  in  rare  in- 
stances, has  the  furrow  been  found  covered  by  minute  plates, 
whose  construction  however  has  heretofore  not  been  ascer- 
tained. The  best  specimen  of  this  kind,  that  I  have  seen,  is  a 
Cyathocrinus  malvaceusj  in  which  the  little  plates  above  the  fur- 
row can  be  studied  in  all  their  details,  with  the  greatestpre- 
cision.  The  specimen  is  the  propertv  of  Frank  Springer,  Esq., 
who  had  the  kindness  to  leave  it  with  me  for  investigation  and 
description.  The  arms  of  Cyathocrinus  are  composed  of  long 
slender  joints  with  a  wide  ventral  furrow.  They  bifurcate  fre- 
quently, each  branch  bifurcating  at  intervals  again.  There 
appears  on  the  arms  of  Cyathocrinus  no  scar  for  the  attachment 
of  pinnulsB,  and  as  these  appendages  have  never  been  observed 
in  the  genus,  it  is  probable  that  the  many  little  branches  per- 
formed their  functions.  In  Mr.  Springer's  specimen  the  plates 
above  the  furrow  consist  of  two  rows  of  minute  pieces,  on 
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either  side,  the  inner  rows  of  which  join  in  the  middle,  inter- 
lock with  each  other,  and  form  an  apparently  solid  covering. 
The  outer  plates  which  are  attachea  to  the  arm-joints  are 
toward  the  upper  end  of  the  arms  placed  partly  upon  the  edges 
of  the  joint,  but  nearer  the  calyx  rest  wholly  against  the  edges 
of  the  upper  part  of  the  ventral  furrow.  They  are  longitudi- 
nally arranged,  partly  hidden  from  view  by  the  inner  plates. 
The  visible  part  is  quadrangular,  with  a  narrow  tooth-like  pro- 
jection toward  the  lower  end  of  each  plate,  which  is  directed 
inward  and  slightly  downward  as  a  sharp,  elongated  process, 
and  forms  a  support  for  the  inner  plates.  The  inner  plates 
are  elongated  triangular,  resting  with  their  shorter  sides  against 
the  inner  faces  of  the  outer  series,  and,  between  the  tooth-like 
extensions,  overlapping  them  with  their  beveled  lateral  edges, 
in  such  a  manner  that  each  plate  exteriorly  fits  in  and  fills 
the  space  between  each  pair  of  similar  triangular  plates  on  the 
other  side.  The  two  longer  sides  interlock  with  corresponding 
sides  of  similar  plates  oi  the  opposite  row,  their  sharp  angles 
or  apices  meeting  the  sutures  between  the  opposite  quadrangu- 
lar plates.  ■  At  each  of  these  points  of  juncture,  just  beyond 
the  apex  of  each  triangular  piece,  on  either  side  of  the  furrow, 
there  is  a  little  pore,  which  evidently  compiunicates  with  the 
inner  channel.  There  are  six  sets  of  plates  to  each  arm-joint, 
all  the  plates  being  imbricated  from  the  lower  side  upward, — 
that  is,  the  lower  ones  lap  slightly  the  edge«Gj  of  the  upper  ones 
— thus  facilitating  the  movements  of  the  /^rms. 

In  describing  the  skeleton  below  the  r  ault,  I  suggested  that 
the  tubes  were  a  continuation  of  the  Frm  fiarrows.  A  trans- 
verse section  of  the  arm,  exiamined  v/ith  the  aid  of  a  good 
magnifier,  shows  that  the  tubes  the?Ji3elves  were,  at  least  in 
this  species,  continued  along  the  arms  to  their  tips,  and  rested 
within  the  arm-furrow,  with  their  sides  closely  attached  to  the 
upper  edges  of  the  arm-joint  The  tubes  do  not  touch  the 
floor  of  the  arm-ffrooves,  but  leave  a  good  sized  subtriangular 
channel  underneatn.  The  small  plates,  above  described,  form 
the  upper  or  outer  wall  of  the  tube,  and  two  sets  of  small 
plates  enclose  it  below.  The  position  of  the  two  upper  sets  of 
quadrangular  pieces  is  nearly  erect,  leaning  inward,  the  triang- 
ular cross-pieces  lying  horizontally,  thus  forming  a  regular 
tube  or  tunnel  with  a  nearly  round  channel. 

I  was  at  first  of  the  opinion,  after  examining  Mr.  Springer's 
specimen,  that  the  arm-fhrrows  of  Paleozoic  Crinoids  were 
permanently  covered  by  solid  plates,  like  the  ventral  side  of 
their  cup,  but  upon  comparing  these  arms  with  those  of  a  speci- 
men of  Oyaihocrinus  viminalis  in  my  own  collection,  I  became 
fulljr  convinced,  that  the  inner  plates  could  be  opened  or  shut 
at  will  by  the  animal.  The  arms  of  my  specimen  are  spread 
Am.  Joob.  Sol— Thibd  Sbbiss,  Vol.  XTV,  No.  80.— August,  1877. 
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out,  their  ventral  furrows  are  open,  the  quadrangular  pieces  in 
place,  their  tooth-like  extensions  stand  out  like  the  teeth  of  a 
saw,  and  are  so  arranged  that  the  indentations  &ce  the  salient 
angles  of  the  opposite  side,  thus  giving  to  the  furrow  a  strongly 
zigzag  appearance. 

The  tooth-like  processes  in  this  species  are  so  prominent, 
that  frond  their  similar  form,  and  bdEore  I  had  recognized  this 
peculiar  structure  in  Mr.  Springer  s  specimen  also,  I  at  first 
took  them  for  the  triangular  cross-pieces,  but  on  closer  inspec- 
tion I  found  no  sutures  between  the  projections  and  the  quad- 
rangular portions  of  the  plates;  and  as  the  place  of  attachment 
for  the  triangular  pieces  is  plainly  visible,  there  can  be  no 
doubt  but  that  these  plates  were  not  preserved  in  the  specimen. 
Furthermore,  as  the  quadrangular  pieces  are  with  slight  inter- 
ruptions found  on  all  the  arms  of  the  specimens  most  beauti- 
fully preserved,  it  seems  almost  impossible  to  understand  how 
the  triangular  pieces  could  have  fallen  out,  if  they  had  been 
fastened  solidly  to  the  adjoining  plates.  Supported  by  the 
tooth-like  projections,  and  resting  against  the  edges  of  the 
quadrangular  plates,  they  were  evidently  better  protected  than 
tne  outer  pieces,  and  it  seems  to  me  their  destruction  would 
have  involved  that  of  the  entire  covering.  I  therefore  believe 
these  plates  were  not  firmly  attached  in  the  living  animal,  but 
merely  leaned  against  ^ach  other  as  well  as  upon  the  tooth-like 
projections,  beinff  only  attached  to  the  inner  edge  of  the  quad- 
rangular plates  by  muscular  or  interarticular  substance,  and 
that  they  were,  in  analogy  with  similar  plates  in  recent  Crinoids, 
movable.  This  seems  further  confirmed  by  the  construction  of 
the  plates  themselves,  and  especially  by  the  manner  of  their 
attachment  The  inner  edges  of  the  quadrangular  plates  (be- 
tween the  projections),  being  slightly  convex,  they  rested  in 
regular  sockets  which  facilitated  their  opening  in  an  outward 
direction.  In  case  these  plates,  as  I  can  no  longer  doubt, 
could  be  opened  or  closed,  it  seems  reasonable,  that  they  were 
open  in  my  specimen  when  t\ie  ianimal  died,  or  they  otherwise 
would  have  been  preserved. 

The  position  and  construction  of  the  inner  channel  proves 
most  satisfactorily  and  in  analogy  with  recent  Crinoids,  that  it 
contained  the  food-groove  which  conveyed  the  food  through  the 
arm-openings  beneath  the  vault  to  the  oral  aperture.  The 
small  movable  plates  are  evidently  homologous  with  the 
^^ saumplcUten"  of  Antedon,  and  the  imbrications  of  these 
plates,  as  well  as  of  the  entire  covering,  seems  to  hint  at  the 
conclusion,  that  the  furrow  was  always  closed  when  the  arms 
were  folded  up  as  in  Mr.  Springer's  specimen ;  but  that  on  the 
contrary,  as  in  my  specimen,  the  furrow  was  open  wrfen  the 
arms  were  spread,  ana  that  in  this  position  the  animal  took  in 
its  food. 
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In  describing  the  covering  of  the  furrow,  I  have  already 
mentioned  the  presence  of  two  rows  of  small  pores  located  at 
the  angles  of  the  triangalar  pieces.  There  is  nothing  to  indicate 
that  these  pores  were  sockets  of  pinnulse,  and  if  they  were,  the 
"  saumplatten  "  could  not  have  opened.  From  their  position 
I  infer  they  were  passages  for  tentacles  connecting  with  parts 
of  the  inner  tube.  If  this  is  correct,  it  seems  to  me,  there 
must  have  been  located  within  the  tube  a  passage  in  connection 
with  the  ambulacral  system,  since  the  tentacles  form  a  part  of 
it.  This  is  evidently  the  case.  In  a  transverse  section  of 
the  arm,  with  the  help  of  a  magnifier,  I  think  I  have  detected 
within  the  tube,  traces  of  two  passages :  a  deep  groove  occupy- 
ing only  the  median  region,  and  on  each  side  of  it  a  small  canal^ 
underlying  the  pores.  The  condition  of  the  specimen  does  not 
enable  me  to  say  whether  the  two  side  passages  connect  at  the 
bottom  or  not,  but  in  either  case,  they  undoubtedly  represent 
the  ambulacral  canal,  the  food-groove  occupying  only  tne  me- 
dian and  upper  part  of  the  channel. 

It  is  to  be  regretted  that  in  no  instance  the  upper  part  of  the 
tubular  skeleton  has  been  found  in  perfect  preservation.  There 
has  been  observed  beneath  the  vault  an  annular  vessel,  con- 
structed of  plates  similar  to  those  of  the  radiating  tubes,  with 
small  openings  directed  toward  the  radial  sides  of  the  specimen, 
with  the  alimentary  canal  passing  through  the  inner  space  of 
the  ring,  but  its  connection  with  the  surrounding  parts  was 
not  preserved.  The  position  6i  the  annular  organ  in  the  center 
of  radiation  leaves  but  little  doubt  that  it  is  the  cescmhageal  ring 
or  center  o/*  the  ambulacral  system.  The  great  similarity  in  the 
construction  of  its  plates,  the  presence  of  openings  correspond- 
ing to  the  direction  of  the  tubes,  indicates  most  strongly  that 
the  tubes  and  the  circular  organ  were  connected,  and  that  the 
ambulacral  canal,  which  I  recognized  in  the  lower  passage  of 
the  arms,  communicated  with  the  porea  But,  as  seen  from 
the  casts,  there  proceeded  below  the  vault  from  the  arm-bases 
to  the  center,  another  series  of  passages,  which  passing  the 
region  of  the  annular  vessel,  unite  in  the  center.  1  hold  these 
to  be  a  continuation  of  the  food -grooves  in  the  arms,  which 
evidently  passing  over  the  top  of  the  circular  organ  terminated 
within  the  central  orifica 

The  position  of  the  sesophageal  ring  seems  at  first  sight  to 
be  not  quite  in  harmonv  with  recent  nature ;  this  organ,  which 
in  all  Echinoderms  witt  an  external  mouth,  is  attached  to  the 
inner  side  of  the  test,  is  located  in  Paleozoic  Crinoids  at  a 
distance  fix)m  the  vault  However,  considering  that  the  aboral 
vault  cannot  be  homologized  with  the  oral  skin  of  recent 
Crinoids,  and  that  only  the  tubular  skeleton  corresponds  to  the 
radiating  passages  iconnecting  with  the  peristome,  the  vault 
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thus  forming  a  mere  covering,  we  shall  find  the  position  of  the 
circular  organ  perfectly  harmonious  with  that  of  all  other 
Echinoderms. 

I  have  mentioned  already  that  there  exists  in  the  arm-groove 
of  Cyathocrinusj  beneath  the  tube  and  at  the  bottom  of  t£e  far- 
row, another  canal,  as  large  or  larger  than  the  channel  of  the 
tube,  whose  functions  are  unknown.  It  was,  apparently,  through 
the  bottom  of  the  arm-openings,  connected  wun  the  perivisceral 
cavity  of  the  calyx  ana  may  have  served  for  several  oflSces, 
containing  perhaps  also  the  coeliac  canal. 

Dr.  Schultze,  in  his  "  Monograph  on  the  Echinoderms  of  the 
Eifel,"  p.  17,  gives  a  most  excellent  description  of  the  arm-far- 
row in  Oupressocrinus.  He  found  two  sets  of  plates  covering 
the  furrow  like  a  roof,  and  asserte,  that  the  inner  pieces  could 
be  turned  back  in  the  living  animal.  I  had  overlooked  this 
in  making  out  my  descriptions,  but  it  was  pleasing  and  highly 
satisfactory  to  me  to  find  that  we  both  had  arrived  independ- 
ently at  the  same  conclusion.  The  construction  of  the  arm- 
furrow  of  Oupressocrinus  is  very  similar  to  Cyaihocrinus,  In  a 
section  of  the  arm  of  this  genus,  I  readily  distinguished,  by 
transmitted  light,  the  food-groove,  which  has  a  narrow  and  deep 
outline,  a  canal  on  both  sides  of  it,  and  I  have  but  little  doubt 
but  that  the  arm-furrows  were  similarly  constimcted  in  all 
Palaeozoic  Crinoids. 

3.   The  alimentary  canal. 

Meek  and  Worthen  publish  in  the  Geological  Report  of 
Illinois,  voL  v,  most  excellent  descriptions  and  figures  of  an 
organ  which  occupies  the  greater  part  of  the  visceral  cavity  of 
Paleozoic  Crinoids;  they  call  it  from  its  position  in  analogy 
with  other  Echinoderms  ^Uhe  digestive  organJ*^  It  is  a  large 
convoluted  body,  resembling  in  outer  form  and  outline  the 
shell  of  a  Bulla,  with  a  longer  vertical  axis,  and  open  at  both 
ends.  The  upper  end  is  placed  below  the  center  of  the  ventral 
disc,  the  lower  one  directed  toward  the  column,  dilated  above, 
contracted  below,  coinciding  with  the  inner  space  of  the  vis- 
ceral cavity  to  the  walls  of  which  it  stands  nearly  parallel.  In 
some  cases  it  is  subcylindrical  and  slightly  truncate  at  both 
enda 

The  organ  is  constructed  of  a  great  number  of  very  minute 
pieces  or  oars  with  intervening  meshes,  but  its  delicate  texture 
is  but  seldom  observed,  owing  to  the  presence  of  incrustations 
of  calcareous  or  siliceous  matter  which  fill  up  the  meshes,  and 
give  to  the  structure  a  rather  dense  appearance* 

*  T6  these  incnistations  which  are  evideDtlj  depodts  from  the  water,  we  owe 
in  a  great  measure  the  preserration  of  these  delicate  organs,  and  as  they  are  com- 
parativelj  thidcer  in  adult  specimens,  they  seem  to  have  accumulated  i^ready 
during  the  life  of  the  Crinoids,  and  may  have  caused  in  many  instances  thefr 
death. 
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The  convolutions  are  directed  outward  from  left  to  right, 
varying  in  number  from  two  to  four  in  different  species. 
Judging  from  external  appearance  only,  the  convoluted  walls 
of  the  organ  appear  as  mere  partitions  leading  to  the  inner 
chamber  of  a  Dulla-shaped  body.  This  however  is  not  the 
fact  Examining  the  so-called  walls  in  some  transverse  sec- 
tions, I  find  them  to  be  coiled,  without  touching  each  other  at 
any  point,  and  composed  of  two  distinct  partitions,  placed  side 
by  side  and  closed  at  the  edges,  thus  proving  that  the  apparent 
walls  are  the  coiled  organ  itself.  According  to  this,  the 
digestive  or^n  consisted  of  a  long  flattened  canal,  rounded  at 
the  outer  side,  widest  in  the  middle,  tapering  rapidly  at  both 
ends  to  a  rather  heavy  flattened  tube,  the  outer  end  ascending 
spirally  toward  the  top  of  the  visceral  cavity,  making  two  or 
more  turns,  while  the  inner  one,  winding  in  a  spiral  way  around 
its  own  axis,  passed  upward  to  near  the  center  of  the  dome. 

In  a  specimen  of  Actinocrinus  in  which  the  digestive  organ  is 
apparently  perfect,  though  showing  the  usual  rough  appearance, 
I  succeeded  in  removing  at  one  side  the  two  upper  convolutions, 
in  such  a  manner  that  the  detached  parts  can  be  replaced  or 
lifted  up  for  investigation.  I  had  here  an  opportunity  to 
examine  the  inner  or  more  properly  upper  end  of  the  ali- 
mentary canal  (as  distinguished  from  the  outer  end  or  terminal 
part).  The  top  is  unfortunately  hidden  below  some  inorganic 
matter,  but  enough  can  be  seen  to  prove  that  it  proceeded  evi- 
dently from  a  place  below  the  center  of  the  doma  The  organ, 
where  it  comes  into  view,  is  an  elongated  tube,  which  passing 
downward,  widens  first  gradually  to  near  the  middle  of  the 
visceral  cavity,  then  rapidly  until  it  acquires  the  width  of  at 
least  two-thirds  of  the  entire  length  of  the  cavity.  The  upper 
end  in  descending  spirally  turns  from  right  to  left,  but  on 
becoming  wider  curves  sharply  in  the  opposite  direction  and 
the  convolutions  are  now  directed  from  left  to  right  The  outer 
end  also  tapering  rapidly  and  forming  a  flattened  tube,  ascends 
the  outside  spirally  from  below  all  the  way  up  to  the  top,  and 
I  am  inclined  to  suppose,  proceeded  to  the  proboscis,  being 
probably  analogous  with  the  terminal  intestine  of  the  Echini, 
while  the  upper  end  communicated  with  the  food-groove. 

Such,  witn  slight  modifications,  was  probably  the  construction 
of  the  alimentary  canal  of  all  Actinocrinidce,  Ptatycrinidoe,  etc., 
but  not  that  of  the  genus  Ollacrinus*    I  found  the  alimentary 

*  Figured  by  Cumberland  without  generic  or  specific  diagnosis  or  specific  name, 
London,  1826,  in  the  Appendix  to  ReliquisB  Oonservatae. 

Synon-— ^O&er&ocrtntw  Phillips,  1836,  GeoL  Yorkshire,  PI.  n,  p.  201.  Goni- 
aHeroidocrintu  Lyon  &  Casseday,  SuppL  GeoL  Kept,  Iowa,  p.  10.  Trematrocrinua 
Eall,  1860,  SuppL  Iowa  GeoL  Bept.,  p.  70. 

As  Cumberland's  figure  is  perfectly  oorrect  and  easily  identified  as  OUaori/ma 
( Oilhertaocrinua)  ccUcarcUuSf  his  generic  name  '*  OUacrimta"  must  be  retained  accord- 
ing to  the  laws  of  nomenclature. 
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canal  partly  preserved  in  Ollacrintis  titberculosus  Hall,  in  which 
it  seenas  to  have  been  composed  of  the  same  delicate  network, 
biit  the  organ  consists  here  of  a  round  canal  which  descends 
spirally,  and  contracting  gradually,  takes  at  the  lower  portioa 
of  the  visceral  cavity  an  upward  direction.  The  upper  part  of 
the  organ  is  unfortunately  not  preserved  in  this  specimen. 

4.  The  ancd  aperture  and  tihe  proboscis. 

The  anus  of  Paleozoic  Crinoids  is  placed  always  within  one 
of  the  interradial  series,  which  is  generally  wider  than — and 
often  constructed  diflferently  from — the  others*  The  aperture 
is  situated  either  in  some  part  of  the  calyx  itself,  or  at  the  top 
of  a  long  proboscis.  It  is  a  most  remarkable  fact  that  genera 
which  evidentlv  belong  to  the  same  group,  even  species, 
apparently  of  the  same  genus,  for  instance  IStrotocriniLs,  differ 
so  widely  in  the  construction  of  this  organ.  Some  having  a 
long  njassive  tube,  reaching  to  several  inches  above  the  tips  of 
their  arms,  while  others  are  provided  only  with  a  plain  lateral 
opening  without  any  superstructure  whatever. 

I  do  not  speak  at  present  of  the  inlBated  or  balloon-shaped 
proboscis  of  Zeacrintts,  Coeliacrinics,  Poteriocnnus^  Heterocnniis 
and  similar  genera,  in  which  this  part  is  more  properly  called 
"rte  ventral  sac"  as  it  evidently  formed  a  large  portion  of 
the  visceral  cavity.  Its  great  size  compared  with  the  lower 
cup,  the  presence  of  large  numbers  of  small  pores,  and  the 
position  of  the  anal  aperture  near  the  bottom  instead  of  at  the 
summit,  seems  to  imply  that  the  anal  apparatus  occupied  in  the 
internal  economy  of  this  sac  only  a  limited  space.  The 
inflated  sac  can  accordingly  not  oe  homologized  with  the 
slender,  heavy  plated  tube  of  Actinocrinus.  We  can  only 
compare  its  lateral  opening,  which  is  generally  placed  low 
down  near  the  arm-bases,  with  the  anal  aperture  of  species  in 
which  the  anus  is  located  in  the  ventral  disc. 

lu  addition  to  its  regular  functions,  the  proboscis  of  Palaeo- 
zoic Crinoids  may  have  had  the  office  of  expelling  the  water 
from  the  system.  This  suggestion  looks  not  unreasonable,  if 
we  consider  that  the  solid  body  of  the  majority  of  these 
Crinoids  had  apparently  no  other  outlet  I  found  in  one 
instance  the  proboscis  split  open  longitudinally,  and  within  its 
inner  jeavity  a  well  defined  narrow  tube,  filling  scarcely  one- 
fourth  of  the  inner  space.  This  tube  may  have  connected 
with  the  terminal  intestine  which  I  have  described  above,  and 
the  office  of  the  surrounding  canal  may  haVis  been  to  eject  the 
deoxygenated  water  from  the  body.  The  fact  that  some 
Crinoids  were  provided  with  a  proboscis  reaching  beyond  the 
region  of  the  arms,  and  others  with  no  proboscis  whatever  but 
simply  a  lateral  opening,  is  easily  explained,  for  if  the  rejected 
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matter  were  emptied  between  the  arms,  it  must  have  come 
constantly  again  in  contact  with  the  arm  currents,  which  is 
obviated  by  either  plan.  This  accounts  also  for  the  fact  that  the 
proboscis  of  some  species  of  Erehnocrinua  is  constantly  turned 
to  one  side.  The  proboscis  formed  a  natural  support  for  the 
slender  arms,  for  they  are  found  in  most  specimens  leaning 
closely  against  it,  while  in  Dorycrinus  which  has  no  proboscis, 
the  arms  appear  always  clinging  to  its  long,  heavy  spines, 
which  are  evidently  not  weapons  of  defence,  as  some  authors 
have  supposed,  but  merely  a  support  and  protection  for  the 
arms. 

Dr.  C.  A.  White  describes  in  the  Boston  Journ.  of  Nat  Hist, 
vol.  vii.  No.  4,  p.  489,  several  specimens  in  which  the  proboscis 
diverges  at  some  distance  above  the  ventral  disc  into  two  dis- 
tinct branches.  This  inay  be  in  some  instances  the  result  of 
accidental  development,  but  is  more  frequently  due  to  an  ob- 
struction of  the  anal  canal  I  found  a  specimen  of  Batocrinus 
longirosiris  in  which  close  to  the  vault  the  proboscis  branches 
into  two  equally  heavy  tubes,  and  there  appears  immediately 
above  their  junction  a  strong  inflation  or  kind  of  abscess. 
In  another  sfjecimen,  a  stoppage  or  disconnection  ihust  have 
occurred  within  the  body,  for  a  second  proboscis  was  formed 
at  the  ventral  disc,  developed  here,  as  in  every  other  instance, 
within  the  anal  series  or  posterior  side  of  the  Urinoid.  In  one 
remarkable  specimen  a  second  proboscis  breaks  forth  even  at 
the  lower  end  of  the  calyx,  just  above  the  basal  plates.  The 
pressure  against  these  parts  must  have  been  enormous,  for  it 
caused  the  destruction  of  an  entire  ray,  the  plates  of  which  are 
bulging  out,  forming  together  with  the  anal  plates,. and  inter- 
mingle with  smaller  plates,  such  as  ordinarily  compose  the 
f)roboscis  of  this  species,  a  large  elongated  cavity  with  a  rather 
arge  aperture.  All  these  instances  give  evidence  of  a  pressure 
from  within,  and  indicate  that  the  outside  opening  of  Paleozoic 
Crinoids  was  solely  an  ejective  organ,  and  could  not  have  had 
oral  functions.  I  have  already  mentioned  that  the  anus  is  sep- 
arated from  the  radial  series  by  deep  partitions  at  the  inner 
surface  of  the  vault,  thus  excluding  any  connection  with  the 
upper  end  of  the  digestive  organ.  M!oreover,  the  casts  of 
Actinocrinus  show  that  the  course  of  the  proboscis  is  directed 
toward  the  posterior  side,  and  the  development  of  the  abnormal 
proboscis  occurs  invariably  in  the  anal  seriea  It  is  therefore 
nardly  necessary  to  argue  on  Dr.  White's  supposition  that  the 
abnormal  second  proboscis,  wherever  it  occurs,  might  have 
served  as  buccal  orifice,  as  such  a  theory  is  unsupported  by 
analogy. 

(To  be  continued.) 
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Abt.  XVill. — ChemiccU  constitution  ofHatchettolite  and  Samarskite 
from  Mitchell  County^  North  Carolina ;  by  OscAB  D.  Allen, 
Professor  of  Analytical  Chemistry,  Sheffield  Scientific  School. 
(hntribuliom  from  the  Sheffield  Laboratory.    No.  XLVHL 

L  HatchettolUe. 

In  an  article  on  the  Samarskite  of  Mitchell  County,  North 
Carolina,  (this  Journal,  March,  1876),  K  S..  Dana  described  a 
mineral  associated  with  it  as  possessing  the  following  proper- 
ties :  Specific  gravity,  4*794,  crystalline  form,  r^ular  octahe- 
drons with  cubical  faces,  also  the  planes  S-3,  color  yellowish 
brown,  luster  resinous,  blowpipe  characters  agreeing  closely 
with  pyrochlore.  At  that  time  I  was  able  to  make  only  a 
partial  (jualitative  analysis  of  this  mineral  with  -25  gram  placed 
at  my  disposal  by  E.  S.  Dana.  The  result  showed  tne  presence 
of  lime,  uranium,  iron,  a  trace  of  magnesia,  tantalic  ana  colum- 
bic  acid,  and  probably  titanic  acid. 

In  an  elaborate  paper  on  American  columbic  acid  minerals, 
published  'in  this  Journal  (May,  1877),  Professor  J.  Lawrence 
Smith  has  also  given  a  description,  accompanied  by  analyses,  of 
this  mineral,  for  which  he  has  proposed  the  name  Hatchettolite. 
Having  recently  obtained  from  Mr.  L.  Stadtmiiller  a  specimen 
of  this  new  mineral,  whicb  he  received  in  a  lot  of  Samarskite 
sent  to  him  from  the  locality  above  mentioned,  1  have  analyzed 
it,  hoping  to  gain  some  additional  facts  bearing  on  its  chemical 
constitution.  The  specimen  was  a  large,  but  imperfect  crystal 
It  was  broken  into  small  pieces,  and  afforded  twelve  grams  of 
material  judged  sufficiently  pure  for  analysis.  Pieces  from  dif- 
ferent parts  of  the  mass  gave  the  specific  gravities,  4*77,  4*84, 
4*82,  4*90,  4*76.  The  results  obtained  are  here  presented,  Nos. 
I  and  II,  together  with  one  of  the  analyses  of  Dr.  Smith,  No.  m. 

(I.)  (n.)  (m.) 

Tantalic  acid 29-83         29-60 

Columbic  acid 34-24      (  35-94        67-86 

Titanic  acid 1-61      | 

Tungstio  and  stannic  acids.. .         -30  *60 

Uranium  oxide 15-50  15-63 

Lime 8-87  8*89  7-09 

Tttria  and  cerium  oxides *86 

Iron  protoxide 2*19  2*33  2-61 

Magnesia -16 

Potash trac^  1*21 

Soda 1-37 

Water  lost  by  heat 4-49  4-42 

Lead trace  trace 

9'8^  100-18 

*  Not  separated  from  soda. 
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A  comparison  of  these  numbers  leaves  no  room  to  doubt 
that  the  same  mineral  was  analyzed  by  Smith  and  mysell 
The  sum  of  metallic  acids  in  No.  i  being  65*68,  in  No.  2,  65*54, 
in  No.  8  (of  Smith)  67*86.*  For  the  separation  of  tantalic  and 
columbic  acids  the  method  of  Marignac  was  used,  which  may 
be  briefly  described  as  followa  The  mixed  acids,  after  weigh- 
ing, are  fused  with  HESO4,  washed  with  hot  water  to  remove 
most  of  the  H^SO^,  dissolved  in  hot  HFl.  One-fourth  their 
weight  of  HKFl,  is  then  added.  If  crystals  do  not  separate 
on  cooling,  concentrate  to  7  c.  c.  per  gram  (of  mixed  acids)  and 
let  cool;  K^TaFl-  then  separates  if  tantalum  is  present  in  the 
solution.  This  salt  is  collected  on  a  weighed  filter,  washed  with 
cold  water  till  the  washings  give  no  longer  an  orange-colored 
precipitate  with  solution  of  galls.  Dry  at  100*'  and  weich ;  con- 
tinue the  same  process  with  the  filtrate  and  washings,  adding  new 
portions  of  HKFl,.  One  readily  sees  when  the  acicular  crys- 
tals of  KjTaFl,  mix  themselves  with  the  lamellar  crystals  of 
KjCbOFl^.  Then  redissolve  the  latter  and  collect  the  former 
on  a  filter.  If  the  weight  of  both  acids  is  known,  CbgO,  may  be 
calculated  b^  difference.  On  account  of  the  suspected  presence 
of  titanic  acid  in  the  substance  here  examined  the  second  crop 
of  crystals  of  K^TaFl^  was  redissolved  in  hot  water  and  recrys- 
tallized.  No  more  acicular  crystals  could  be  obtained  in  suffi- 
cient quantity  to  collect  For  the  same  reason  the  bisulphate 
fusion  of  the  mixed  acids  was  treated  with  cold  water.  The  fil- 
trate and  washing  on  boiling  deposited  a  light  precipitate,  which 
brought  into  solution  and  tested  with  tin  gave  an  unmistakable 
reaction  for  titanium.  Moreover,  after  separation  of  tantalum 
the  columbic  and  titanic  acids  remaining  in  solution  were  ob- 
tained by  evaporating  with  H^SO^  and  boiling  with  water  and 
fused  with  K^CO,.  Treatment  of  the  fused  mass  with  water, 
left  but  very  little  residue,  which  further  examination  proved 
to  be  mostly  potassium  titanate. 

In  analysis  No.  1,  the  two  products  conlaininc  titanic  acid, 
obtained  in  this  way,  were  fused  with  HKSO4  which  rendered 
the  greater  part  soluble  in  cold  water.  This  solution  on  boil- 
ing deposited  what  was  assumed  to  be  titanic  acid,  after  weigh- 
ing and  subjecting  to  the  further  tests.  It  can  hardly  be 
expecteil  that  a  very  accurate  separation  was  effected.  By 
boiling  'o-gram  of  the  mineral  with  H^SO^  mixed  with  a  little 
HFl  in  a  juatinum  crucible  so  rapidly  as  to  exclude  air  decom- 
position was  effected  in  a  few  moments.  The  diluted  solution 
deoxydized  an  amount  of  permanganate  of  potash  correspond- 
ing in  one  experiment  to  1*90  per  cent  FeO,  m  another  to  2*20 

*  Piofeflsor  Smith  remarks,  "  I  refer  to  the  metallic  adds  in  the  analyses  in  this 
paper  as  oolumbio  acid  from  the  fact  that  the  tantalic  acid  which  accompanies  it 
is  only  in  smeJl  quantities,  and  also  because  none  of  the  methods  proposed  for 
separating  the  two  acids  have  given  satisfactory  results  in  my  hands.'' 
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per  cent.    Iron  was  therefore  assumed  to  exist  as  protoxide 
and  uranium  as  U0,0.     A  calculation  of  the  relative  number 
of  atoms  from  No.  1  gives  the  following : 
Atomic  weic^ts. 

182                                Ta  •JS^l.QQA 

95                              Cb  -252  \  ^^^ 

60                               Ti  -020 

U  240                                UO,  -054 ' 

Fe  -080 

Mg  -004     -268 

Ca  -158 

Na«  -022 

HaO  -255 

Sn?  -002 
Disregardinj^  the  small  amount  of  tin  or  tungsten  and  deduct- 
ing Ti  with  B  sufficient  to  form  with  it  normal  titanate,  there 

remain  R  248  E  -886  H,0  -255,  whence  E :  E :  H,0=2 :  SI :  2, 

if       V 

a  ratio  closely  approximating  to  that  required  by  E,E,2H,0  or 

E,E,07+2EE,0^+4H20,  in  which  E  represents  one  atom 

of  a  bivalent  basic  radical  or  two  of  sodium  and  E,  Ta,  or  Cb. 
The  investigations  of  Eammelsbelg*  lead  to  the  conclusions  that 
three  columbates  (in  which  Cb  may  be  replaced  by  Ta)  occur 

n       ■  n  II 

in  minerals,  viz :  ECbjO^,  E^CbjO,,  and  EjCbjO,,  correspond- 
ing to  phosphates  and  arsenates ;  which,  singly  or  combined 
with  each  otner,  with  or  without  titanates.,  zirconates,  thorates, 
etc.,  constitute  mineral  species.  Hatchettolite  appears  to  be 
composed  of  the  first  two  with  a  small  quantity  of  normal  titan-  * 
ate.f  It  it  perhaps  questionable  whether  there  is  any  signifi- 
cance in  the  fact  that  the  amount  of  water  present  bears  a 
simple  ratio  to  the  other  constituents. 

Some  pieces  from  one  side  of  the  specimen  from  which 
material  for  analysis  was  selected  had  the  specific  gravity  from 
4*60  to  4*70  per  cent  and  were  rejected.  Tney  lost  by  ignition 
4*97  per  cent.  Hatchettolite  mav  have  resulted  from  alteration 
of  a  mineral  having  essentially  the  same  chemical  constitution, 
as  well  as  crystalline  form,  as  pyrochlore,  an  alteration  consist- 
ing of  hydration  and  removal  of  alkaline  fluorides. 

n.  Samarskite, 
Samarskite  from  Mitchell  Co.,  according  to  the  analysis  of 
the  writer,^  has  the  following  composition : 

*  Jour.  Ghem.  Soc.,  voL  xxv,  p.  189. 

f  Bammelsberg  (Jour.  Ghem.  Soa,  yoL  xzy,  p.  203)  suppoees  that  these  tiuree 
compounds  may  be  isomorphous,  and  that  they  exist  in  the  isometric  orystaUiDe 
form  in  pyrochlore. 

t  Dana's  Text  Book  of  ICineralogy,  p.  340,  March,  1877. 
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w 

(2) 

Columbic  acid .  ..^^  j  37-81 

Tantalic  acid ^^^^111-19 

^^^^  118-60 

Stannic  acid 

0-08 

Tttria 14-52 

14-45 

Cerium  oxides* 4*10 

4-24 

Uranium  oxide  (VOgO)             12-63 

12-46 

ManganeBC  protoxide                   0-80 

•  0-75 

Iron  protoxide 10-60 

10-90 

Lime . - 

0-65 

Water 

1-12 

Atomic  ratio. 

•2764 

•0838 

-0005  ^ 

•1896 

•0382 

•0433 

•0106 

•1513 

•0100 


3592 


V-4430 


100-35 


These  results  do  not  diflfer  materially  fronj  the  first  published 
analysis  of  samarskite  from  the  same  locality  by  Miss  Ellen  H. 
Swallow,  who  found  54*96+  per  cent  of  metallic  acids  of  the 
tantalic  group,  and  expressed  a  wish  that  some  one  might 
undertake  their  separation^  In  my  analyses,  tantalum  and 
columbium  were  separated  by  Marignac's  method.  Water 
expelled  by  ignition  was  collected  by  a  calcium  chloride 
tube.  0*5  gram  of  the  very  finely  pulverized  mineral  was  com- 
pletely decomposed  by  heating  with  sulphuric  acid  in  a  sealed 
glass  tube.  The  solution,  properly  diluted,  decolorized  an 
amount  of  potassium  permanganate  corresponding  to  11  per 
cent  of  protoxide  of  iron.  A  repetition  of  this  experiment 
confirmed  the  first  result  It  may  therefore  be  concluded  that 
no  material  amount  of  uranium  is  present  in  the  lower  state  of 
oxidation  (UOa).  The  relative  number  of  atoms  of  each  ele- 
ment present  is  calculated  from  No.  2,  uranium  being  assumed 
to  exist  as  UO 3  or  an  oxide  (UO^O)  of  the  bivalent  radical 
UO,  which  it  is  reasonable  to  suppose  acts  as  a  basic  radical 
with  tantalic  and  columbic  acids,  as  it  does  with  phosphoric 

n      V 

and  arsenic  acids  in  several  natural  compounds.  B :  B  is  then 
4430  :  8692=1-236  :  1=4-94 : 4  closely  approximating  5:4  re- 

n    V  n     V  " 

quired  by  the  formula  RaEjO^H-RjEjO,. 

In  chemical  constitution  this  samarskite  appears  to  approach 
Fergusonite  being  next  to  this  mineral  the  most  basic  of  the 
natural  columbates  and  tantalates.  The  formula  of  Fergusonite, 
deduced  by  Rammelsberg  from  a  large  number  of  analyses,  is 

E,(Cb,Ta)aO,. 

*  The  atomic  weight  of  didjmium  was  used  in  calculating  the  atomic  ratio.  This 
element  is  readily  shown  by  spectroscopic  examination  of  a  solution.  Only  a 
minute  quantity  of  cerium  is  present,  the  presence  or  absence  of  other  elements  of 
the  cerium  group  was  not  ascertained. 

f  Dr.  Smith's  analysis,  contained  in  the  paper  already  cited,  gave  55-13  column 
bic  acid. 

t  Proceedings  of  the  Boston  Society  of  Natural  History,  vol.,  xvii,  424, 1875. 
See  also  this  volume,  p.  71. 
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Art.  XIX. — On  Ae  relations  of  the  Oeology  of  Vermont  to  that 
of  Berkshire;  by  James  D.  Dana. 

[Oontinaed  from  page  48.] 

In  the  preceding  part  of  this  paper,  the  unity  of  the  system 
of  rocks  occupying  the  limestone  region  of  the  Green  Moun- 
tains has  been  demonstrated  by  reference  to  facts  connected 
with  the  geographical  arrangement  and  stratigraphical  relations 
of  the  formations.  One  other  well-known  feature  character- 
izes the  belt  from  north  to  south,  and  requires  consideration  : 
namely — 

3.  The  Abundant  Occubrencb  op  Ibon. 

The  existence  of  iron  in  the  rocks  is  known  mainly  from  the 
beds  of  limonite  along  the  region.  This  limonite,  as  is  now  well 
known,  was  made  from  the  rocks  in  place,  and  hence  it  is  testi- 
mony as  to  what  the  original  rocks  contained  and  still  contain 
where  unaltered.  Its  beds  exist  in  Vermont  at  so  many  places 
that  the  geologists  of  the  Vermont  Survey  represented  it  on 
their  geological  map  of  the  State  as  a  continuous  band  of 
limonite.  And  south  of  Vermont  it  occurs  more  or  less  in  each 
of  the  towns  over  the  limestone  area,  and  in  some  of  them  in 
deposits  of  great  depth,  the  most  noted  being  in  Richmond 
and  West  Stockbridge,  Massachusetts;  Salisbury  and  "Sharon, 
in  Connecticut;  Hillsdale,  Copake,  Ancram,  North  East  (near 
Millerton),  Amenia,  Dover,  and  Pawling,  in  New  York.  In 
order  that  this  feature  of  the  region  may  oe  appreciated,  I  men- 
tion here  the  more  prominent  facts  connected  with  the  ore-beds. 
In  a  general  way,  and  for  special  localities,  the  subject  has  been 
often  treated.  The  descriptions  given  in  this  place  have  par- 
ticular reference  to  the  regional  characteristics  of  the  beds  in 
the  limestone  belt,  as  illustrated  by  their  mineral  nature,  dis- 
tribution, and  stratigraphical  relations;  and  they  have  been 
drawn  mainly  from  my  own  observations. 

(1.)  The  minercU  nature  of  the  beds. 
Throughout  the  great  limestone  area,  from  north  to  south, 
the  ore-beds  are  alike  in  the  nature  of  the  ore,  its  mode  of 
aggregation,  and  its  association  with  yellow  ochre  and  clays. 
Moreover,  in  most  of  the  beds  to  the  north  as  well  as  south 
more  or  less  manganese  is  present  with  the  iron.  Manganese 
ore  (chiefly  pyrolusite  and  psilomelane)  has  been  observed  in 
connection  with  ore-beds  of  the  Vermont  limestone  area  in  Ben- 
nington, Chittenden,  Pittsford,  Brandon,  Middlebury,  Bristol; 
and  the  Vermont  Report  adds,  **  in  the  vicinity  of  most  of  the 
beds  of  limestone  in  the  State."  It  has  been  observed  also 
in  various  ore-beds  of  Berkshire  and  New  York,  though  less 
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abundantly  than  in  Vermont  An  analysis  of  ore  from  the 
Leet  ore-bed,  West  Stockbrid^e,  by  Dr.  A.  A.  Hayes,  made  in 
1845,  obtained  red  oxide  of  iron  76-18,  oxide  of  manganese 
6*04,  phosphoric  acid  2'36,  water  10*80,  quartz  and  gangue 
8-40  =  98'78.*  At  the  same  time,  phosphoric  acid  is  very 
sparingly  present ;  and  there  is  only  a  trace  of  sulphur  or  none 
at  all.  The  clay,  while  generally  impure  from  the  presence  of 
iron  ochre  and  other  mineral  material,  is  sometimes  a  white 
kaolin.t 

(2.)  The  geological  distribution  of  the  beds. 
(1.)  The  limonite  deposits  are  alike  throughout  the  lime- 
stone area  in  their  interrupted  occurrence  and  varying  depths — 
even  manv  miles  often  intervening  between  those  of  workable 
value,  ana  all  depths  existing  from  zero  to  one  hundred  and 


(2. 


(2.)  The  ore-beds  occur  in  the  vicinity  of  all  the  rocks  of  the 
limestone  area, — the  limestone,  clay -slate,  hydromica  slate,  mica 
schist,  gneiss  and  quartzyte.  But,  from  north  to  south  along 
the  limestone  area,  they  most  abound  where  the  schist  is  the 
hydromica  slate,  and  hardly  at  all  where  it  is  common  argillyte. 
llie  hydromica  slate  in  Vermont  prevails  over  the  eastern  half 
of  the  area,  and,  in  Berkshire  and  farther  south,  over  the  west- 
ern half;  and  accordingly  the  line  of  maximum  ore-beds  does 
not  follow  the  general  course  of  the  limestone  area,  but  is  a 
little  oblique  to  it,  having  more  westing  to  the  south.  In  Ver- 
mont it  is  with  few  exceptions  not  far  from  the  western  border 
of  the  eastern  quartzyte  range,  as  we  learn  from  the  Vermont 
geological  map ;  the  few  exceptions  occur  near  the  center  of 
the  area,  adjoining  small  central  slate  ridges,  as  in  Dorset  and 
on  the  borders  of  Wallingford  and  Tin  mouth;  and  at  the 
south  end  of  the  State  in  Bennington.  These  last  are  near  the 
Taconic  (or  Great  Central)  slate-belt 

In  Berkshire,  beds  exist  sparingly  in  the  eastern  portion  of 
the  limestone  area  (as  in  the  gneiss  and  mica  schist  region  of 
Tyringham);  the  chief  beds  are  in  its  western  half  in  Eich- 
mond  and  West  Stockbridge,  a  few  miles  east  of  the  Taconic 
range.  In  Connecticut,  they  closely  adjoin  the  Taconic  range 
in  Salisbury  and  Sharon ;  while  in  New  York,  they  occur  on 

*  I  am  indebted  for  a  copy  of  this  analyeis  to  Mr.  J.  W.  Hojeradt,  Preddent  of 
the  Company.  Mr.  Hoysradt  states  that  no  later  analysis  has  been  made;  but  he 
is  of  the  impression  that  the  ore  now  obtained  yields  less  manganese  and  phos- 
phoric add. 

f  While  limonite  (in  which  the  oxide  of  iron,  FetO,,  and  the  elements  of  water 
are  in  the  proportion  of  2  to  3)  is  the  principal  ore,  there  is  also  at  Salisbury,  as 
first  shown  by  Prof.  G.  J,  Brush  (this  Joum.,  n,  xliv,  219,  1867),  and  probably 
also  at  oUber  places,  the  related  ore  turgUe  (in  whidi  the  same  ratio  is  2 : 1),  and  a 
little  gdthite  (in  wldch  the  ratio  is  1 : 1) ;  also  occasionally  a  red  ochre,  which  may 
be  eimer  tuigite,  or  the  simple  anhydrous  oxide  FctO,.  Besides  the  iron  axid 
manganese  ores,  there  are  also  traces  of  cobalt  and  zinc. 
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the  west  of  the  Taconic  range,  in  the  towns  of  Hillsdale, 
Copake,  and  North  East,  besides  along  its  eastern  border  in 
Dover,  Amenia  and  Pawling.  The  axis  of  the  band  of  maxi- 
mum ore-beds  appears  hence  to  cross  the  axis  of  the  limestone 
area  in  Bennington,  Vermont ;  and  to  strike  the  Taconic  range 
south  of  West  Stockbridge,  from  which  point,  beds  occur  on 
both  sides  of  the  range. 

(3.)  27ie  atratigraphical  relations  of  the  beds. 
The  ore-beds,  to  the  north  as  well  as  south,  occur  near  the 
junction  of  a  stratum  of  limestone  with  one  of  hydromica  or 
mica  schist,  the  beds  of  both  having  usually  a  high  dip  (gene- 
rally between  40°  and  55®) ;  or  they  have  schist  on  both  sides ; 
and  sometimes  they  are  cut  through  by  one  or  two  beds  of  lime- 
stone or  schist  Quartzyte  often  lies  alon^  the  east  side  in 
Vermont ;  but  a  stratum  of  schist  usually,  if  not  always,  inter- 
venes between  the  quartzyte  and  limestone. 

This  geological  relation  of  the  beds  was  recognized,  at  local- 
ities in  Vermont,  Berkshire,  and  Connecticut,  more  than  fifty 
years  since,  by  the  late  Prot  Chester  Dewey,  then  Professor  of 
Geology  and  Mineralogy  in  Williams  College,  Williamstown. 
In  the  fifth  volume  of  this  Journal,  1822,  in  an  article  on  the 
ore-bed  of  Bennington,  he  says  (p.  251)— "It  has  been  re- 
marked that  the  great  bed  of  ore  is  not  immediately  connected 
with  any  rocks.  It  seems,  however,  to  be  associated  with  lime- 
stone rocks,  and  the  whole  to  lie  between  two  strata  of  mica 
slate.  It  lies  in  the  same  [mountain]  range  with  the  ore  of 
Salisbury,  Connecticut,  and  has  the  same  range  of  mica  slate 
lying  on  both  sides  of  it"  The  in  situ  position  of  the  ore- 
beds  is  here  brought  out  by  Dr.  Dewey,  and  a  relation  to  the 
limestone  is  suggested.  Two  years  later,  in  vol.  viii,  speaking 
of  the  ore-beds  of  Berkshire,  he  says  (p.  80),  that  the  beds  **  are 
near  limestone,  but  on  beds  of  clay."  And  "  as  mica-slate  is 
found  on  both  sides  of  them,  they  must  doubtless  be  con- 
sidered as  lying  in  this  rock,  though  the  clay  indicates  that 
they  are  a  later  deposit  than  the  rock  itself :  in  which  the 
limonite  beds  are  made  a  part  of  the  mica  slate,  but  not  an 
original  part 

The  facts  at  many  of  the  ore-pits  of  Berkshire  and  New 
York,  as  well  as  Connecticut,  sustain  the  statements  of  Pro- 
fessor Dewey.  The  schist  often  forms  part  of  the  walls  of  the 
ore-pits,  or  stands  in  ledges  near  by  ;  and  when  no  rock  is  to 
be  seen,  the  clays  often  show  that  they  are  the  decomposed 
schist  in  place  by  their  having  its  schistose  structure,  its  dip 
and  strike,  and  also  its -flexures,  all  corresponding  precisely 
with  the  stratification  of  the  rock  of  the  re^on.  The  schist 
makes  sometimes  the  eastern  wall,  and  sometimes  the  western  ; 
and  it  is  also  found  dividing  the  ore  of  the  beds.     Among  the 
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New  York  ore-beds  the  relation  of  the  schist  is  weD  exhibited 
in  the  Weed  ore-pit  in  the  town  of  Copake,  and  in  the  ore-pit, 
a  mile  and  a  half  to  the  west  of  the  village  of  Pawling. 

Limestone  strata  outcrop  near  or  within  many  of  the  pits.  In 
Eichmond,  Mass.,  at  the  Cone  ore-pit,  a  steeply  dippmg  lime- 
stone stratum  forms  part  of  the  northwest  side ;  and  at  the 
Cheever  ore-pit  there  is  an  outcropping  bed  a  few  yards  to  the 
west,  conformable  with  the  slate ;  at  the  Leet  ore-pit,  in  West 
Stockbridge,  limestone  forms  a  ledge  close  by  the  pit.  At  the 
Miles  ore-pit,  in  Copake,  a  bed  of  limestone  was  met  with  cut- 
ting through  it,  having  the  strike  and  dip  of  the  region.  The 
Vermont  Geological  Eeport  states  (p.  820)  that  a  limonite  bed 
in  Western  Bennington  reposes  on  an  impure  ferruginous  lime- 
stone, and  it  alludes  to  the  similar  position  of  the  ore  in  other 
beds  of  the  State. 

(4.)  The  source  of  the  ore^  and  days. 
Carbonate  of  iron  (spathic  iron,  or  siderite  of  mineralogy) 
occurs  in  masses,  in  connection  with  some  of  the  ore-beds; 
and  part  of  the  limestone  is  ferriferous,  that  is,  either  a  car- 
bonate of  calcium-and-iron,  or  else,  a  limestone  containing 
more  or  less  of  carbonate  of  calcium-and-iron.  And  in  conse- 
quence of  the  extremely  easy  oxidation  of  the  iron  of  these 
carbonates,  such  beds,  when  air  and  moisture  have  access 
to  them,  are  in  all  cases  undergoing  alteration  to  limonite. 
In  some  of  the  ferriferous  limestone  manganese  replaces  part 
of  the  iron. 

The  pure  carbonate  of  iron  has  been  found  thus  far  only  in 
western  Berkshire.  At  the  Leet  ore-bed,  one  and  a  naif 
miles  west  of  the  village  of  West  Stockbridge,  there  projects 
from  the  east  side  of  the  pit,  what  is  called  the  "white  horse," 
which  is  a  large  ledge  of  compact  light  gray  spathic  iron,  of  a 
grayish  white  color,  distinguisned  as  '*  white  ore."  It  has  for 
many  years  been  (]^uarried  and  used  in  the  furnace  along  with 
the  limonite.  This  "  white  ore"  is  so  close-grained  as  to  be 
almost  flint-like  in  aspect,  and  it  evidently. owes  its  preserva- 
tion from  change  to  this  quality,  which  renders  it  impervious  to 
water.  Wherever  there  are  cracks  water  and  air  have  entered, 
and  the  cracks  are  widely  bordered  with  limonite.  Some 
pieces  have  a  thin  crust  of  limonite — a  quarter  to  half  an 
inch  thick — showing  some  progress  of  the  alteration  even  over 
the  harder  portions.  There  are  bptryoidal  prominences  of  the 
iron-carbonate  in  cavities,  which  seem  to  be  protected  from  the 
change  by  their  smooth  surface  as  well  as  firm  texture.  This 
mass  of  **  white  ore"  is  conformable  in  stratification  with  the 
limestone  of  a  hill  close  by  the  north  edge  of  the  ore-pit ;  and 
hence  it  was  probably  part  of  a  stratum  that  has  disappeared, 
over  the  interval  between  them,  by  alteration.    I  have  been 
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informed  by  Mr.  E.  Van  Buskirk,  who  is  in  cfaarffe  of  the  mine, 
that  this  "  white  ore"  has  been  taken  also  from  the  west  side  of 
the  pit.  There  is  also  an  outcrop  of  limestone  in  the  ore-pit  in 
which  some  of  the  layers  are  changed  to  limonite,  while  others 
above  or  below  are  unyielding — the  presence  of  iron  in  any 
layers  of  the  limestone  (as  an  iron-calcium  carbonate)  determin- 
ing their  destruction. 

At  the  Cone  ore-pit,  one  and  a  half  miles  north  of  West 
Stockbridge,  mining  is  done  mostly  through  shafts ;  only  at 
the  north  end  is  open  mining  going  on  so  that  the  structure  of 
the  walls  can  be  studied.  At  this  end  of  the  pit,  limestone  is 
in  view  having  an  eastward  dip  of  40°  to  50°  ;  and  while  some 
of  the  layers  are  not  much  altered,  others  are  wholly  changed 
to  limonite.  At  my  last  visit  (in  1875)  the  work  was  going  on 
in  this  stratified  material,  the  limonite  portion  being  selected 
out  for  further  separation  by  washing.  Several  layers  had  be- 
come wholly  replaced  by  pure  limonite, 
and  one  of  those  so  changed  was  a  yard 
thick.  Some  surfaces  of  the  limestone 
were  intersected  by  cracks,  making  areas 
three  to  six  inches  across,  as  represented 
in  fig.  18 ;  each  crack  having  a  border 
of  limonite  either  side,  an  inch  or  so 
wida 

The  schist  near  by — hydromica  slate — was  in  part  firm,  and 
in  other  places  turned  to  soft  grayish  or  yellow  clay — an  im- 
pure kaolin — which  was  silvery  in  surface  from  traces  of  the 
original  mica  of  the  slate.  The  quartz  veins  in  the  hydro- 
mica  slate  remain  of  course  unchanged,  in  the  orea 

The  Cheever  ore-bed,  in  Eichmond,  has  also  afibrded  some 
massive  carbonate  of  iron,  but  less  abundantly  than  the  Leet 
ore-bed  ;  and  here,  as  already  stated  (p.  135),  there  is  a  limestone 
ledge  near  the  pit 

Professor  E.  Hitchcock  mentions  the  occurrence  of  massive 
carbonate  of  iron  in  Eichmond,  in  his  Eeport  on  the  Geology 
of  Massachusetts  (1841),  page  190,  and  gives  an  analysis  show- 
ing that  it  contains  87*19  per  cent  of  carbonate  of  iron,  5'21 
carbonate  of  magnesium,  2*46  carbonate  of  manganese,  1'41 
carbonate  of  calcium,  and  2*81  of  silica,  alumina,  etc  =99'08. 
The  particular  ore-bed  in  Eichmond  affording  it  is  not  stated, 
but  it  was  probably  the  Leet  erebed.  In  the  Vermont  Geo- 
logical Eeport  (1868),  p.  236,  Prof.  E.  Hitchcock  gives  an  analy- 
sis of  a  dolomite  from  the  vicinity  of  the  Brandon  ore-bed 
which  afforded  8*61  per  cent  of  carbonate  of  iron ;  and  states 
that  east  of  the  bed  another  limestone  was  quarried  for  a  flux 
which  contained  "  10  per  cent  of  iron"  [carbonate  ?]. 

The  limestone  has  occasionally  a  little  pyrite  disseminated 


Digitized  by  VjOOQIC 


lArnonite  oi'€'beds  of  the  Limestone  region.  137 

through  it ;  and  at  one  place. east  of  the  village  of  Great  Bar- 
rington,  the  amount  is  large.  But  no  one  has  reported  its 
occurrence  in  the  limestone  about  the  ore-beds,  and  I  have  not 
myself  observed  it  there.     There  is  certainly  not  much  of  it 

The  hydromica  slate  of  the  region  contains  several  iron- 
bearing  minerals:  among  them,  pyrite  (FeSj)  sparingly ;  pyr- 
rhotite  (Fe^Sg)  more  sparingly ;  chlorite,  often  abundant,  both 
to  the  north  and  south;  garnet,  often  abundant  in  Berkshire 
and  farther  south  ;  black  mica,  to  the  south ;  staurolite,  rather 
common  in  Connecticut  in  Salisbury  and  Sharon.  In  the  de- 
composition of  the  schist  all  the  minerals  present  must  h^ve 
contributed  to  the  iron,  for  the  clays  contain  none  of  them.  It 
is  probable  that  the  schist  where  in  near  contact  with  the  lime- 
stone also  contained  the  iron-carbonate ;  but  no  positive  evi- 
dence on  this  point  has  been  obtained. 

The  beds  all  show  that  their  formation  was  not  dependent 
on  erosion  or  transportation  ;  and  that  the  change  to  limonite 
required  only  the  free  access  of  air  and  moisture  (with  the 
traces  of  carbonic  acid  they  ordinarily  contain)  to  the  iron- 
bearing  materials.  From  some  of  the  mines  it  appears  that  the 
best  positions  for  the  making  of  deep  beds  was  off  the  mouths 
of  valleys,  or  near  slopes  that  carried  down  the  rains  for  under- 
ffround  use.  An  iron-bearing  carbonate  would  suffer  rapid 
destruction  under  these  conditions. 

The  facts  which  have  been  brought  forward  show  that  the 
ore-beds  of  Berkshire  are  essentially  the  same  in  nature,  dis- 
tribution and  position  with  those  of  Vermont  The  quality 
of  the  ore,  the  occurrence  of  the  beds  at  intervals,  greater  or 
less,  along  the  course  of  the  limestone  area,  their  stratigraphi- 
cal  relations  to  the  limestone  and  schist,  their  origin  in  the 
oxidation  of  iron-bearing  minerals  present  in  the  rock  forma- 
tions, and  the  concurrent  decomposition  of  the  enclosing  rock 
or  rocks — these  conditions  are  alike  for  the  whole  area,  from  its 
northern  end  in  Monkton,  where  is  the  most  northern  of  the 
associated  ore-beds,  to  the  south  extremity,  near  Pawling,  N.  Y., 
which  place  also  has  its  lar^e  ore-bed.  The  facts  sustain  our 
proposition  as  to  the  geological  unity  of  the  formations.  The 
fact  that  the  belt  of  maximum  ore-beds  crosses  obliquely  the 
limestone  area, — being  near  its  eastern  border  to  the  north  in 
Vermont,  and  near  its  western,  west  of  the  Taconic  range,  to 
the  south, — affords  additional  demonstration  of  that  unity,  and 
suggests  a  close  stratigraphical  relation  between  the  eastern 
and  western  sides  and  their  foinnations. 

The  inm-bearing  minerals  include  an  iron-bearing  limestone 
(carbonate  of  calcium  in  which  iron  replaces  part  of  the  cal- 
cium) both  in  Vermont  and  in  Berkshire.     The  simple  iron- 
Am,  Jdqb.  Sol— Thibd  Sbribs,  Vol.  XTV,  No.  80.— August,  1877. 
10 
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carbonate  has  as  yet  been  found  only  in  Berkshire;  but  its 
ready  oxidation  is  a  sufficient  reason  for  its  not  being  exposed 
to  view  even  where  it  is  or  has  been  a  prominent  source  of  the 
limonite. 

Most  of  the  ppints  in  the  preceding  view  with  regard  to  the 
origin  of  the  hmonite  have  been  recognized  by  different  geolo- 
gists ;  and  yet  the  view  as  a  whole  is  not  so  well  understood  that 
the  preceding  explanations  are  superfluous.  Professor  Dewey 
seems  to  have  nearly  reached  it,  as  shown  on  page  184,  and  per- 
haps he  did  quite.  Jrrofessor  C.  XJ.  Shepard,  in  his  Connecticut 
Geological  Report,  published  in  1837,  page  146,  refers  the  limo- 
nite to  the  oxidation  in  situ  of  the  pyrite  and  other  iron-bearing 
minerals  in  the  mica  or  hvdromica  slate ;  and  he  remarks  that 
garnet  and  staurolites  are  often  present  in  such  proportions  in  the 
slates  of  Salisbury  and  Sharon  as  to  impart  to  tnem  a  highly  fer- 
ruginous character.  Dr.  Percival,  his  associate  in  the  Connecticut 
survey,  held  independently  the  same  view. 

In  the  year  1838,  Dr.  R.  M.  S.  Jackson,  of  Pennsylvania,  as 
stated,  with  commendatory  remarks,  bv  Pro£  J.  P.  Lesley,*  an- 
nounced the  conclusion,  after  a  study  of  the  iron  ores  of  Nittany 
valley  and  other  valleys  in  that  State,  that  "  the  brown-hematite 
(limonite)  ore  of  the  valleys  belonged  to  the  stratified  limestone 
beds,  and  had  been  set  free  by  chemical  and  mechanical  decompo- 
sition''— making  the  iron  to  have  existed  originaUy  in  the  lime' 
stone  as  the  hvarated  oxide. 

Professor  JHitchcock,  in  1861,  in  the  Vermont  Gteolo^cal  Re- 
port, after  stating  that  the  limestone  contained  sometimes  ten 
per  cent  of  carbonate  of  iron,  and  referring  to  the  occurrence  of 
iron  carbonate  in  the  West  Stockbridge  ore-bed,  mentioned  in  his 
Massachusetts  Report,  says  '^it  is  obvious  that  the  limestones 
may  have  furnished  the  whole,  or  a  part,  of  the  iron ;"  but  he 
further  adds  that  it  is  probable  that  "  the  ore  was  derived  from 
both  the  rocks  [mica  slate  and  limestone],  and  possibly  also  in 
some  cases  from  the  quartz  rock.''  But  to  this  rignt  conclusion  is 
added  the  old  error,  that  the  iron  had  been  taken  ^'firom  the  sub- 
jacent rocks  and  re-deposited  in  connection  with  clay,  sand  and 
gravel." 

The  different  views  of  other  authors  might  be  here  presented 
if  this  were  the  place  for  a  full  discussion  of  the  subject. 

The  change  of  the  hard  schists  to  soft  clay  is  one  of  the 
most  striking  facts  observed  in  the  ore-beds.  But  if  the  iron 
was  derived  mostly  from  iron-bearing  carbonates,  a  powerful 
agent  of  change  was  present  in  abundance  in  the  carbonic  acid 
set  free  by  the  oxidation.  This  acid  is  the  most  prominent 
source  of  the  destruction  of  granite  and  of  the  reduction  of 
its  feldspar  to  kaolin ;  and  in  the  schist  it  would  act  similarly, 
robbing  the  feldspar  and  mica  of  their  alkalies,  the  removal 

*  Historical  sketch  of  Geological  explorations  in  Pennsylyania  and  other  States. 
200  pp.  Svo.    Harrisburg,  1876,  p.  81. 
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of  which  with  the  addition  of  water,  makes  kaolin  or  a  more 
or  less  pure  clay.  Silicates,  like  garnet,  black  mica  and  chlo- 
rite, would  yield  to  the  same  agent,  and  so  give  up  their 
iron  for  oxidation.  Sulphuric  acid  also  would  have  been  con- 
cerned in  the  process  wherever  any  pyrite  existed,  and  have 
aided  in  the  destruction.  But  the  nearly  total  absence  from 
the  ore  of  sulphur  (seldom  over  one-tenth  of  a  per  cent*)  appears 
to  be  evidence  that  pyrite  played  a  very  subordinate  part  in 
the  production  of  the  limonite. 

•  It  is  a  question  of  interest — Whether  the  iron  was  in  the 
state  of  carbonate  when  the  deposits  were  originally  made  by 
sedimentary  action,  or,  whether  in  some  different  state,  from 
which  it  was  converted  into  carbonate  as  one  of  the  results 
of  metamorphism.  The  facts  on  page  133  under  section  (2) 
may  bear  on  this  question.  Where  the  truth  lies  it  is  not  im- 
portant now  to  enquire.  The  schists  were  originally  marine 
mud  beds,  while  the  limestones  were  clear-sea  formations,  an 
era  of  one  condition  in  that  region  having  been  followed  by  an 
era  of  the  other.  Between  any  two  such  eras  there  appears 
to  have  been  an  epoch  of  long-continued  marshes,  and,  while 
it  existed,  drainage-depositions  of  iron,  in  some  state  of  com- 
position, took  place  over  the  marshes.  And  this  feature  char- 
acterized the  area  from  north  to  south,  though  with  great  local 
differences  depending  on  differences  in  depth  of  water  and 
position.  If  tne  iron  was  deposited  in  those  marshes  as  car- 
bonate, this  result  was  no  doubt  favored  by  the  excess  of  car- 
bonic acid  in  the  Lower  Silurian  atmosphere  and  waters. 

One  corollary  of  importance  seems  to  flow  from  the  facts 
here  considered.  It  is  this :  that,  in  some  localities,  beneath 
the  richest  part  of  a  limonite  bed  in  the  direction  of  the  dip, 
there  may  be  iron  carbonate  of  inexhaustible  extent,  and  if  so 
the  regions  will  be  good  for  iron  ore  long  after  the  limonite 
beds  are  exhausted. 

(To  be  oontinned.) 

Note. — Professor  Dewey*s  determination^  by  chemical  means^ 
thai,  the  Taconic  "  taicose  slate^^  ("  magnesian  slate^^  of  Emmons)  is 
mica  slate, — In  a  note  to  page  334  of  the  last  volume  of  this 
Joumaly  the  Vermont  Geological  Report  is  credited  with  the 
first  announcement  that  the  "talcose  slate"  of  Western  New 
England  is  mainly  a  mica  slate  in  which  the  mica  is  a  hydrous 
species ;  and  on  page  366  of  vol  iv  (1 872)  the  analyses  published 
in  the  Vermont  Report  are  cited.  It  is  due  to  the  late  Frofessor 
Dewey,  who  in  earfv  life  worked  in  chemistry  as  well  as  in  geol- 
ogy, mineralogy  and  botany,  to  state  that  in  the  first  volume  of 
this  Journal,  published  in  1819,  in  an  article  on  the  geology  of 

*  Analyses  of  the  same  ores,  from  similar  positions,  in  Pennsylvania  in  Erasser's 
Geological  Report,  Harriaburg,  18*76. 
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the  vicinity  of  Williamstown,  Mass.  (Northwestern  Berkshire),  he 
observes  that  the  rock  of  the  Taconio  range  is  mainly  a  "  very 
fine-grained  mica  slate — a  rock  which  had  been  called  '  soapstone 
slate,'  and  appeared  to  be  talcose  /"  "  but,"  he  adds :  "  1  have 
been  able  to  detect  but  a  very  minute  quantity  of  magnesia  in 
any  specimens  I  have  tried,  though  I  obtained  a  considerable  pro- 
portion of  alumina." 

In  a  later  article  (vol.  viii,  p.  8,  1824)  he  says:  "  The  Taconic 
Mountain  is  a  huge  mass  of  mica  slate."  He  also  itses  in  the 
same  article  the  term  "  talco-micaceous  slate"  for  some  portions  of 
the  rock,  but  still  holds  to  the  result  of  his  chemical  trial  that  the 
amount  of  talc  was  very  small,  and  that  it  was  strictly  mica  slate. 


Art.  XX. — A  proposed  new  metliod  in  Solar  Spectrum  Analy- 
sis;* by  S.  P.  Langley. 

No  observation  of  modem  Physical  Astronomy  is  more  strik- 
ing in  its  conception,  than  that  which  attempts  to  determine  the 
motion  of  a  celestial  body,  by  the  altered  wave-length  of  its 
light,  and  none  has  attracted  more  general  attention.  It  is 
popularly  understood,  I  think,  that  the  proper  motion  of  certain 
stars  in  the  line  of  sight,  has  been  thus  completely  demonstra- 
ted, but  those  particularly  engaged  in  such  studies  know  how 
far  astronomers  have  till  very  lately  been  from  the  certainty 
attributed  to  them.  Only  last  April,  Father  Secchi  presents! 
a  communication  to  the  (Jomptes  Rendusf  in  which  he  recalled 
the  denial  on  theoretical  grounds,  by  Van  der  Willigen,  of  the 
possibility  of  any  such  observation,  pointed  out  the  extreme 
danger  of  instrumental  error  in  such  spectroscopic  work,  and 
gave  experiments  of  his  own,  to  show  that  its  causes  were  so 
numerous  and  so  subtle  that  it  was  diflScult  to  be  certain  of  any 
result. 

Without  discussing  the  replies,  which  aim  to  show  that  lately 
precautions  have  been  taken  which  it  may  be  hoped  are  effect- 
ive, it  may  be  observed  that  there  is  another  mode  of  investi- 
gating the  reality  of  the  phenomena,  not  liable  to  as  many 
difficulties  as  in  the  case  of  the  stars,  though  presenting  a 
formidable  one  of  its  own.  I  mean,  of  course,  the  observration 
of  the  different  wave-lengths  of  light  coming  from  the  east  and 
west  limbs  of  the  sun,  which,  owing  to  that  body's  rotation  on 
its  axis,  have  equatorial  velocities  that  together  make  up  nearly 
two  and  one-half  English  miles  a  second.  This  speed,  enormous 
in  itself,  is  most  insignificant  compared  with  the  velocity  of 
light,  and  this  relative  smallness  constitutes  the  difficulty  in 

*  Communicated  to  the  meeting  of  the  National  Academy,  held  in  Washington, 
April,  1877. 
f  C.  K,  tome  Izzzii,  pp.  761-^12. 
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attempting  the  solution  of  the  problem  by  means  of  the  sun, 
for  the  whole  displacement  due  to  it,  is  (as  Professor  Young 
has  remarked  in  illustration),  but  one-seventy-seventh  of  the 
distance  between  the  D  lines,  or  between  one-twelfth  and  one- 
thirteenth  of  one  division  of  Angstrora^s  scale.  Zdllner,  Secchi 
and  Hastings  have  believed  that  they,  nevertheless,  detected  a 
change  in  the  refrangibility  of  the  light,  and  Vogel*  using  ZoU- 
ner's  reversion  spectroscope  obtained  a  displacement  of  from 
'08  to  0  15  of  one  of  Angstrom  s  units.  In  August  last,  Profes- 
sor Young  gave  the  results  of  his  own  measurements  with  one 
of  Mr.  Eutherfurd^s  gratings,  showing  an  equatorial  velocity  of 
1*™42.  Professor  Young  was  unable  to  find  any  displace- 
ment of  the  atmospheric  lines.  This  last  researchf  being  much 
more  systematic  than  its  predecessors,  and  given  in  satirfactory 
detail,  has  turned  the  weight  of  scientific  opinion  in  favor  of 
the  view,  that  the  change  aue  to  motion  of  the  luminous  body 
is  fairly  proven.  It  can  hardly,  however,  be  deemed  superflu- 
ous to  still  offer  upon  so  important  a  question,  the  results  of  an 
independent  method  of  measurement,  and  one  which  renders 
errors  from  instrumental  displacement^  on  the  danger  of  which 
so  much  stress  has  been  deservedly  laid,  in  the  sense  in  which 
the  word  is  here  used,  not  only  unlikely  but  impossible. 

In  the  course  of  a  research  upon  the  selective  absorption  of 
the  solar  atmosphere,  I  arranged  in  1876,  means  for  com- 
paring homogeneous  lights  from  different  parts  of  the  disc. 
The  apparatus  was  too  complex  for  description  here,  but 
it  consisted  essentially,  in  the  provision  of  two  pair  of  right- 
angled  prisms  of  total  reflection,  so  disposed  in  connection  with . 
a  spectroscope,  that  the  spectra  could  oe  formed  side  by  side, 
of  light  from  different  parts  of  tlie  sun,  and  of  a  photometric 
apparatus  by  which  the  relative  intensity  of  the  lights  at  differ- 
ent parts  of  these  spectra  could  be  compared.  Tlie  results  of 
this  research,  with  an  improved  form  of  the  instrument,  will  I 
hope  be  soon  ready  for  publication.  It  was  not  intended,  pri- 
marily, for  the  comparison  of  individual  spectral  lines,  for 
which  purpose  optical  arrangements,  not  very  essentially  differ- 
ent, had  already  been  used  by  Lockyer,  Hastings  and  perhaps 
others,  but  the  investigation  of  Professor  Young  suggested  to 
me  another  and  cognate  method  of  testing  the  principle  of 
Doppler,  to  which  this  apparatus  is  especially  applicable.  The 
theory  of  the  proposed  method  is  very  simple.  Let  two  spectra 
be  formed  side  by  side,  the  one  of  light  from  one  edge  of  the 
sun,  the  other  of  light  from  a  point  180°  distant  The  instru- 
ment being  in  adjustment,  if  these  points  be  in  the  neighbor- 
hood of  the  solar  poles  which  are  relatively  at  rest,  all  the  lines 

*  Beobachtungen  auf  der  Sterawache  zu  Borhkamp. 

t  American  Journal  of  Science  and  Arts,  toL  xii,  Nov.,  1876. 
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will  be  continuous  in  both  spectra.  But  if  the  instrument  is 
rotated  till  the  light  comes  from  points  on  the  eastern  and  west- 
em  sides  of  the  sun,  which  are  in  relative  motion,  not  only  will 
the  solar  lines  be  discx)ntinuous,  in  the  two  spectra ;  as  though 
the  one  receiving  light  from  the  advancing  or  eastern  side  had 
been  slid  past  its  neighbor  toward  the  violet ;  but  any  mal- 
adjustments of  the  instrument,  which  simulate  this  effect,  can  be 
with  certainty  detected  bv  a  means  to  be  shortly  described. 
The  actual  quantity  by  which  we  may  anticipate  from  theory 
that  the  spectra  are  aisplaced,  is,  as  has  been  ol^erved,  extremely 
small,  and  to  produce  the  desired  result  we  need  not  only  very 
great  dispersion  in  the  spectroscope,  but  very  delicate  work- 
manship in  the  cutting  and  mounting  of  the  prisms  which  are 
to  bring  the  light  to  the  slit,  and  in  general  it  will  be  evident 
that  more  than  common  skill  is  to  be  desired  of  the  instrument 
maker. 

I  wish  to  acknowledge  the  obligations  I  am  under  in  these 
respects  to  Mr.  F.  Walther,  of  Philadelphia,  the  optician,  and 
to  Mr.  William  Grunow,  the  maker,  of  New  York.  Not  to 
dwell  on  those  difficulties  of  detail  which  always  come  between 
the  conception  and  its  embodiment  in  practice,  I  may  say  that 
more  than  six  months  have  passed  in  experiment  and  modifi«5a- 
tion  till  the  instrument  has  attained  its  present  form,  in  which 
I  have  been  finally  able  within  the  past  few  days  to  see  my 
anticipations  justified.  That  it  has  been  possible  to  me  to 
undertake  this  research  at  all  at  present,  is  due  to  Mr.  Buther- 
furd,  who  has  given  me  choice  specimens  of  his  gratings,  which 
are  so  generally  known  and  valued,  that  it  is  unnecessary  that 
I  should  describe  them. 

It  is  desirable  that  a  very  clear  mental  picture  should  be 
present  to  the  observer,  of  trie  amount  of  displacement  he  is  to 
expect,  for  though  it  is  well  that  he  should  be  ignorant,  if  possi- 
ble, of  the  anticipated  direction,  this  knowledge  of  the  amount 
will  prevent  him  at  the  outset  from  confusing  apparent  displace- 
ments due  to  mal-adiustraent  of  the  instrument  with  those  to 
which  his  attention  should  be  directed.*  I  have  taken  advan- 
tage of  a  table  prepared  by  Professor  Pickering,  showing  the 

*  The  following  method  of  statement  appears  to  present  material  for  such  a 
mental  picture.  In  the  3d  speotrmn  of  the  17280  line  grating  the  D  lines,  viewed 
under  Sie  magnifying  power  most  favorable  in  my  instrument  to  dear  yision, 
appear  like  two  e^iarplj-deflned  parallel  lines  \  inch  apart  viewed  by  the  naked 
eye  at  the  distance  of  10  inches.  One  of  the  units  of  Angstrdm's  scale  appears 
to  fill  rather  more  than  -^  inch  at  the  same  distance.  The  displacement  here  dne 
to  rotation  is  as  is  remarked  rather  more  than  iV  or  *08  of  a  unit,  or,  referred  to 
the  distance  of  distinct  vision,  very  near  -ishi  of  an  inch.  It  is  known  that  we 
can  with  the  naked  eye  distinguish  ^^js  of  an  inch  or  les8|,  in  the  form  of  discon- 
tinuity of  two  lines  on  a  vernier  plate,  which  is  essentially  our  present  case. 
Owing  to  defective  light  and  other  causes,  we  cannot  do  quite  this  on  the  sun,  as 
yet,  but  can  still  count  on  detecting  by  this  method  a  discrepancy  of  somewhat 
lees  than  *03  units,  which  again  is  less  than  half  the  amount  in  questiim. 
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results  of  different  instruments  on  the  fine  lines  of  the  E  group, 
to  compare  mine  with  them,  and  I  observe  that  I  can  discrim- 
inate more,  and  more  delicate  lines,  with  either  the  8,000  or 
17,000  line  grating  than  observers  have  been  able  to  do  with 
the  most  powerful  spectroscopes  of  the  common  construction. 
Where  Angstrom,  using  a  grating  of  Nobert's,  has  delineated 
twelve  lines,  the  grating  supplied  me  by  Mr.  Eutherfurd  shows 
thirty-one,  and  one  of  these  pairs,  though  separated  by  but  dis- 
tances of  one-sixth  of  a  unit  of  Angstrom's  scale,  is  yet  clearly 
divided.  The  displacement  to  be  expected  from  the  solar  rota- 
tion, under  favorable  circumstances,  is  about  one-half  of  this, 
and  hence  if  it  exist,  it  is  clearly  within  the  power  of  the  instru- 
ment to  exhibit,  since  the  two  spectra  are  formed  in  juxtaposi- 
tion as  nice  as  that  of  a  vernier  plate  to  its  circle,  a  circumstance 
under  which,  as  every  one  knows,  the  eye  judges  of  the  contin- 
uity of  lines  with  the  most  accuracy. 

The  instrument  itself  consists  of  the  grating,  with  a  collimat- 
ing  and  observing  telescope,  each  of  one  and  one-quarter  inch 
aperture  and  fourteen  and  one-half  inches  focus,  with  positive 
eye- pieces  magnifying  from  ten  to  thirty  times.  The  slit  is 
constructed  so  that  its  jaws  are  bevelled  to  knife-edges,  where 
they  meet,  at  the  outer  surface,  and  these  owing  to  the  excel- 
lent workmanship,  still  close  so  as  to  admit  no  light  when  held 
up  against  the  sun.  Over  this  slit,  with  their  bases  almost  in 
contact  with  it,  and  their  united  edges  crossing  it  at  right  angles, 
are  the  first  pair  of  reflecting  prisms.  They  are  cut  from  the 
same  piece  oi  glass,  and  so  fitted  that  their  junction-line  shows 
no  more  in  the  spectrum  than  a  particle  of  dust,  and  in  fact, 
the  division  between  the  two  spectra  is  with  diflSculty  distin- 
guishable from  the  ordinary  dust  lines.  The  other  two  prisms 
slide  independently  on  ways,  with  verniers  reading  to  thous- 
andths of  an  inch,  permitting  them  to  be  put  in  any  part  of  a 
solar  image  of  from  one  and  one-half  incn,  to  five  inches  in 
diameter.  Over  them  is  a  hood,  carrying  a  screen,  which 
receives  the  image  projected  by  the  equatorial  telescope.  This 
focal  image  is  nearly  one  and  three-cjuarters  inches  in  diameter, 
and  any  two  selected  portions  of  it  pass  through  adjustable 
apertures  in  the  screen.  By  the  construction  of  the  instrument 
they  are  equally  distant  from  the  optical  axis,  and  in  every  other 
optical  condition,  ad  far  as  possible,  similar,  except  as  they  may 
differ  at  their  origin  in  the  sun  itself.  It  shows  the  difficulties 
of  the  method  of  research  successfully  employed  by  Mr.  Huggins, 
and  at  Greenwich,  that  when  the  instrument  is  turned  directly 
on  the  sun  (i.  e.  so  that  each  spectrum  receives  light  from  all 
parts  of  the  sun's  disc),  the  two  sets  of  spectral  lines  will  not 
ordinarily  be  continuous.  Theoretically  they  should  be,  prac- 
tically, we  find  they  are  not,  owing  to  numerous  latent  causes 
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of  disturbance.  A  touch  on  the  prisms,  a  movement  of  the  slit, 
an  adjustment  of  the  eye-piece,  will  ordinarily  disturb  one 
spectrum  relatively  to  the  other,  bv  a  minute  amount  But  the 
whole  change  we  are  seeking  is  or  a  minuter  order  still ;  how 
then,  can  we  discriminate  it  with  certainty?  In  our  ability  to  do 
this  lies  the  advantage  of  the  method  I  describe,  which,  grant- 
ing sufficient  dispersive  power,  makes  impossible  the  instru- 
mental error  that  has  been  dwelt  on  by  Secchi  and  others  with 
justice,  as  shaking  confidence  in  the  result  To  see  how  we 
are  authorized  to  use  this  word  "  impossible,"  let  us  bear  in 
mind  that  the  solar  spectrum  consists  of  two  distinct  kinds  of 
lines,  one  caused  by  absorption  in  the  solar,  the  other  by  ab- 
sorption in  the  terrestrial  atmosphere.  These  latter  being 
formed  by  light  from  all  parts  of  the  sun  are  independent  of  its 
rotation. 

The  prisms  are  adjusted,  till,  on  looking  on  the  sun  directly, 
the  lines  are  all  continuous  in  both  spectra,  then  the  instrument 
is  put  in  the  telescope  and  the  slit  placed  at  such  a  position- 
angle  that  the  light  m  spectrum  A  comes  from  the  vicinity  of 
the  north  solar  pole,  that  in  spectrum  B  from  the  south.  On 
looking  in,  we  see  a  very  long  and  narrow  spectrum,  filled  with 
dark  lines  and  exhibiting  the  chromospheric  lines  on  both  sides. 
It  is  divided  by  what  appears  to  be  a  fine  dust  line,  in  iwo 
exactly  corresponding  parts,  and  is  in  reality  two  distinct 
spectra,  as  we  see  by  the  opposed  chromosphere  lines,  but  as 
the  sources  of  light  for  both  spectra  are  relatively  at  rest,  all 
the  dark  lines  are  still  continuous.  But  now  (without  dis- 
turbing any  adjustment),  revolve  the  whole  90°  about  the 
optical  axis  passing  through  the  center  of  the  solar  image,  so 
that  spectrum  A  is  formed  by  light  from  the  eastern  or  advan- 
cing edge  of  the  sun ;  spectrum  B  by  light  from  the  western  or 
retreating  one.  A  curious  change  has  taken  plaoa  By  a  very 
minute  but  perceptible  quantity,  spectrum  A  appears  to  have 
been  slid  past  its  neighbor,  toward  the  violet  end,  so  that  every 
solar  line  in  the  first  is  "notched"  at  its  junction  with  the 
second,  while  at  the  same  time,  the  telluric  lines  are  as  unaltered 
as  the  fixed  lines  of  a  micrometer  web  would  be,  by  moving  a 
scale  about  in  the  field.  The  eflFect  is  the  same  as  though  the 
spectra  were  tangible  things,  like  two  engine-divided  scales, 
whose  numerous  delicate  divisions  (represented  by  the  solar 
lines),  were  all  in  exact  juxtaposition  a  moment  before,  and  are 
all  now  just  perceptibly  displaced,  as  when  a  vernier  plate  is 
moved  till  a  coincidence  is  made  at  a  new  stroke  on  the  limb. 

Moving  the  instrument  90°  more,  we  come  again  into  the 
axial  line  of  the  sun,  and  the  coincidence  should  return ;  with 
still  90°  more  we  are  again  in  the  equator,  but  now  spectrum 
A  is  formed  by  light  from  the  western  edge,  and  this  time  it  is 
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moved  the  other  way,  as  if  it  were  a  scale  which  had  been  slid 
by  a  very  slight  but  distinctly  perceptible  amount  toward  the 
red  end ;  while  still  the  telluric  lines  retain  their  continuity, 
assuring  us  that  no  mal-adjustment  has  occurred. 

It  will  be  admitted  that  this  change  is,  if  real,  excellent  ex- 
perimental evidence  that  the  wave  length  is  virtually  different 
in  light  from  the  eastern  and  western  limbs,  as  theory  predicts. 
For,  granting  that  the  instrument  is  mal -adjusted  in  any  un- 
known way  or  degree,  any  instrumental  cause  will  affect  solar 
and  telluric  lines  alike,  and  we  may  in  fact  defy  ingenuity  to 
suggest  an  error  of  adjustment,  which  will  modify  one  and  not 
the  other. 

For  the  sake  of  cleamesai,  I  have  assumed  that  we  start  with 
all  the  lines  continuous  in  both  spectra;  in  practice  this  condi- 
tion is  not  easily  assured :  commonly  some  lurking  error,  will, 
without  especial  pains,  cause  them  to  appear  broken  upon  a 
fixed  source  of  light;  but  we  disregard  tnis,  and  consider,  as 
wc  bring  the  instrument  into  new  positions,  only  the  difference 
of  displacement  of  the  solar  and  telluric  lines.  The  simul- 
taneous observations  of  this  difference,  in  each  of  two  spectra, 
is  the  essential  condition  relied  on,  not  only  in  theory  but  in 
actual  work. 

It  will  be  remembered  that  many  lines  in  the  spectrum  are 
only  seen  when  the  sun  is  low.  These  are  clearly  due  to  ab- 
sorption in  our  atmosphere.  Many  thousands,  as  we  know,  are 
due  to  absorption  in  the  sun's  atmosphere.  There  remains  a 
large  number  of  lines  not  coincident  with  any  we  produce  at 
the  electrodes  of  our  battery,  and  always  present  in  the  spec- 
trum. Of  these  we  do  know  that  they  are  either  caused  by 
the  sun's  atmosphere  or  ours,  without  always  knowing  which, 
for  these  can  only  be  inferred  to  be  telluric  from  their  growing 
stronger  as  the  sun  sets,*  and  this,  though  easily  determined  in 
the  case  of  a  single  line,  becomes  a  task  of  great  labor  where 
we  deal  with  thousands.  It  is  evident,  however,  that  after 
having  used  known  telluric  lines  to  determine  the  fact  that  the 
refrangibility  of  solar  lines  only  is  altered,  we  can  reverse  the 

{process,  and  classify  unhesitatingly  hereafter,  all  lines  as  tel- 
uric  which  are  unaffected  by  the  changes  that  compel  others 
to  betray  their  solar  origin.  To  merely  see  these  two  spectra 
with  clearness,  then,  is  to  be  enabled  to  pick  out  the  telluric 
lines  from  the  others,  as  though  they  were  mapped  before  us. 
They  are  mapped  in  fact,  and  it  becomes,  under  the  proper 
conditions,  a  matter  of  simple  inspection  to  determine  them. 

T  hope  then,  it  will  not  seem  too  assuming  a  title,  if  I  speak 
of  this  as  a  new  method  in  solar  spectral  analysis. 

I  have  only  to  add,  that  in  all  my  trials  of  this  method,  I  have 
*  Or  by  experiment  on  artificial  lights  viewed  through  intervening  atmotpheres. 
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constantlj^  80  arranged  each  experiment,  that  I  remained  in  in- 
tentional Ignorance  as  to  which  spectrum  came  from  the  eastern, 
and  which  from  the  western  limb,  until  I  had  determined  the 
point  by  the  different  behavior  of  these  solar  and  terrestrial  lines, 
which  I  have  been  able  to  do  thus  far  correctly  in  every  instance. 
I  believe,  in  fact,  that  the  effect  under  proper  conditions  is  so 
marked  that  the  observer  hereafter  need  not  take  pains  to 
guard  against  the  unconscious  bias  of  his  measurement  toward 
a  desired  result.  I  have,  in  these  preliminary  experiments, 
however,  thoujjht  it  necessary  to  take  precautions  that  no  such 
prepossession,  if  it  existed,  might  influence  me  unawares. 

I  ought  to  add  that  the  proposed  method  is  considerably 
limited,  not  only  by  the  need  of  very  powerful  instruments 
(for  these  can  be  supplied),  but  by  the  need  of  very  good  ob- 
serving weather,  which  unfortunately  we  have  not  at  command 
when  we  want  it 

Useful  tests  of  the  desired  condition  are  the  duplication  of 
such  lines  as  1529  of  Kirchoff^s  scale,  and  the  more  celebrated 
"  1474,"  known  as  a  close  double  since  Professor  Young's 
duplication  of  it  last  year. 

I  have  not  yet  made  any  measurements  of  the  displacement 
by  this  method,  which  appears  to  me  as  thus  far  described  to 
be  less  adapted  to  quantitative  results  than  that  already  em- 
ployed by  Professor  Young,  but  capable  by  the  use  of  the 
micrometer  of  giving  exact  numerical  data.  I  ought  to  add, 
however,  that  Professor  Rood,  of  Columbia  College,  has  offered 
the  valuable  suggestion,  that  by  the  use  of  a  double  refracting 
prism,  we  can  cause  the  spectra  to  overlap,  thus  not  only  over- 
coming some  mechanical  difficulties  which  I  have  not  enlarged 
on,  but  obtaining  at  little  trouble  all  the  advantage  of  micro- 
metric  measurement  I  regret  that  the  instrument  reached  me 
BO  late  that  I  have  not  yet  been  able  to  give  a  trial  to  this, 
from  which  I  hope  excellent  results.  Nor  have  I  been  able  to 
introduce  photography  with  other  contemplated  improvements, 
such  as  the  simultaneous  use  of  both  rignt  and  left  spectra  of 
the  same  order,  thus  doubling  the  displacement;  and  the  use 
of  three  reflections  instead  of  two,  on  each  ray  before  it  reaches 
the  slit,  thus  inverting  the  portion  of  each  limb  under  examina- 
tion, and  bringing  the  very  edges  of  the  sun  into  juxtaposition, 
instead  of  a  portion  somewhat  within  the  ed^e,  as  at  present 

I  have  only  to  add  in  conclusion,  that  while  the  instruments 
used  have  been  principally  those  of  the  Allegheny  Observatory, 
to  which  institution  my  services  belong,  I  should  have  been 
unable  to  carry  out  this  research  without  certain  indispensable 
adjuncts,  the  expense  of  which  has  been  defrayed  from  an  ap- 
propriation placed  at  my  disposal  by  the  trustees  of  the  Bache 
fund. 
AUegheny  Obsenratory,  April  14,  1877. 
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Abt.  XXL — Note  on  the  Exactitude  of  the  J^ench  Normal 
Fork;  a  Hq^t/  to  the  paper  of  Mr.  A.  J.  EUis;  by  Rudolph 
KoBNiG,  PhJ). — [In  a  letter  to  the  Editors.] 

An  attack,  as  strange  as  it  was  unexpected,  has  just  been  made 
in  England  upon  the  exactitude  of  the  official  French  fork.  Mr. 
Alexander  J.  Ellis,  having  found  that  the  notes  of  a  tonometer, 
composed  of  sixty-five  harmonium  reeds,  constructed  by  Mr. 
Appunn,  do  not  agree  with  this  fork,  has  considered  himself  enti- 
tled to  assert,  in  a  paper  published  in  the  Journal  of  the  Society 
of  Arts  (May  25,  18Y7)  and  in  Natnre  (May  ai,  18V7)  that  the 
normal  French  fork  Lag  gives,  not  870  single  vibrations,  as  has 
been  hitherto  supposed,  but  878  single  vibrations.  Mr.  Ellis, 
having  established  the  fmther  fact  that  the  forks  constructed  by 
me  are  in  perfect  accord  with  the  French  La,,  does  not  hesitate 
to  affirm  that  all  these  forks,  including  those  even  of  my  large 
tonometer,  which  he  has  probably  never  seen,  and  in  any  event 
has  never  examined,  are  necessarily  inexact.  Not  having*  at  my 
dtsposalthe  instrument  used  by  Mr.  Ellis,  I  confess  that  I  find 
myself  under  some  embarrassment  in  stating  at  once  by  what 
error  of  construction  this  instrument,  in  the  hands  of  Mr.  Ellis,  has 
given  results  so  extraordinary.  Fortunately,  1  can  refer  to  a  letter 
from  M.  Helmholtz  addressed  to  Mr.  Appunn  and  published  by 
the  latter  himself  in  a  paper  on  the  acoustic  theories  of  M.  Helm- 
holtz. This  letter  speaks  of  an  instrument  of  exactly  the  same 
character,  and  made  by  the  same  maker,  and  sufficiently  explains 
the  surprising  discovenes  of  Mr.  Ellis.  "  I  have  examinea  your 
tonometer  several  times,*'  writes  M.  Helmholtz  to  Mr.  Appunn, 
^*and  I  am  astonished  at  the  constancy  of  its  indications.  I 
would  not  have  believed  that  reeds  could  give  sounds  so  constant 
as  those  given  by  your  apparatus,  thanks  to  your  method  of  reg- 
ulating the  current  of  air.  The  instrument,  it  is  true,  varies  a 
little  with  the  temperature,  as  do  also  forks ;  and  hence  it  can  be 
used  for  determining  the  absolute  number  of  vibrations,  only  when 
one  can  work  in  a  room  heated  by  a  stove.  By  the  aid  of  an 
astronomical  chronometer,  I  have  counted  the  beats,  and  believe 
that  your  seconds  pendulum  must  have  been  slightly  inexact, 
because,  though  the  number  of  beats  a^ee  very  well  among 
themselves,  the  absolute  number  obtained  is  not  240  but  237  to 
the  minute.  The  temperature,  which  was  rather  low  during  my 
experiments,  may  count  for  something ;  but  even  this  influence 
may  be  eliminated  by  counting  the  beats  to  the  end  of  a  major 
third,  which  took  me  a  quarter  of  an  hour.  In  this  way  I  have 
found  for  my  Paris  fork  435*01  vibrations,  which  agrees  to  the 
y^pJjTj  nearly  with  the  official  number,  435  vibrations." 

This  letter  proves  that  the  entire  number  of  beats  in  the  octave 
of  the  tonometer  tested  by  M.  Helmholtz  was  ^^  X  64  rr  252-8, 
and  that  its  fundamental  note  was  505-6  single  vibrations  instead 
of  512.     On  comparing  this  note  of  505 '6  single  vibrations  with  a 
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fork  giving  actually  5 1 2  single  vibrations,  Mr.  Ellis  would  find 
the  latter  to  be  6*4  single  vibrations  more  acute  and,  without 
doubt,  would  consider  it  as  giving  518*4  single  vibrations.  Now 
for  my  forks  giving  512  single  vibrations  he  has  found  516*7  only, 
with  the  tonometer  which  he  used.  Whence  it  would  seem  that 
the  fundamental  note  of  this  latter  instrument  had  become  more 
nearly  exact  than  that  of  the  tonometer  examined  by  M.  Helm- 
holtz,  since  the  number  of  its  vibrations  is  507*3.  This  note, 
however,  still  remains  quite  distant  from  its  true  value. 

The  fact  that  M.  Helmholtz  succeeded,  with  an  instrument  of 
this  sort  (and  one  too,  even  less  perfect  than  that  used  by  Mr. 
Ellis)  in  finding  the  number  of  vibrations  of  the  official  French 
fork  to  be  exact,  by  first  determining  the  correction  needed  for 
his  instr4iment,  is  evidence  that  Mr.  Ellis  has  neglected  to  deter- 
mine a  similar  correction  required  for  his  tonometer.  He  has  too 
hastily  declared  that  these  small  tonometers  with  harmonium 
reeds  are  the  most  perfect  and  the  most  exact  in  existence.  It 
would  certainly  have  been  much  better  if  he  had  first  given  him- 
self a  little  practice  in  the  manipulation  of  acoustic  instruments, 
before  having  treated  so  slightingly  the  results  obtained  by  Lis- 
sajous,  by  fiespretz,  by  Helmholtz,  by  Mayer,  etc.,  etc.,  and 
before  seeking  to  throw  discredit  upon  the  labors  of  a  constructeur 
who  had  no  reason  to  expect  so  unjustifiable  an  attack. 

26  Rue  de  Pontoise,  Paris,  June  5th,  1877. 

[Note. — In  response  to  our  request,  Professor  A.  M.  Mayer  has 
fui-nished  us  with  the  following  statement  concerning  the  absolute 
number  of  vibrations  of  Koenig's  forks.  "  During  the  months  of 
March,  April  and  May  of  1876, 1  made  many  determinations  of 
the  number  of  vibrations  of  Koenig's  UT3  fork  and  found  that  it 
gave  255*96  complete  vibrations  in  one  second  at  a  temperature 
of  60**  Fahr.  The  following  are  the  separate  determinations  of 
that  series  of  which  the  above  number  is  the  mean  :  (1)  255*95, 
(2)  255-97,  (3)  255*90,  (4)  255*92,  (5)  256*02,  (6)  256*02.  The 
fork's  vibratory  period  is  accelerated  or  diminished  ^ilfi^  P^'^ 
by  a  difference  of  temperature  of  i  1°  Fahr." — Eds.] 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  On  the  Heat  of  Combustion  of  Oxygen  and  Hydrogen  in 
closed  vessels. — ^Than  has  modified  the  ice  calorimeter  of  Bunsen 
so  as  to  render  it  available  for  determining  the  heat  of  chemical 
action.  As  a  first  result  with  the  new  instrument — the  exploding 
tube  of  which  he  calls  a  heat-eudiometer — ^he  has  obtained  accu- 
rate determinations  of  the  heat  of  combustion,  in  closed  vessels, 
of  electrolytic  gas.  Since,  hitherto,  according  to  him,  this  term 
has  not  been  defined  with  sufficient  exactness,  Than  uses  '*  heat  of 


Digitized  by  VjOOQ  IC 


Chemistry  and  Physics.  149 

combustion,"  or  more  generally  "  total  difference  of  energy"  of  a 
mixture  of  oxygen  and  hydrogen,  as  expressing  that  quantity  of 
actual  energy  which  is  evolved  when  the  gas  at  0**  and  760  mm. 
is  completely  converted,  in  a  closed  vessel  into  liquid  water  at  0®. 
As  a  mean  of  five  experiments,  the  heat  of  combustion  found 
was  2*02930  gram-calories,  with  a  probable  error  of  0*0018.  That 
is,  one  cubic  centimeter  of  electrolytic  gas  at  0*  and  760  mm.  on 
burning  to  liquid  water  in  a  closed  vessel,  evolves  2*0293  heat 
imits.  Or,  taking  the  atom  of  hydrogen  as  unity,  a  gram  of  hy- 
drogen at  0"  and  760  mm.  uniting  with  the  necessary  quantity  of 
oxygen  in  a  closed  vessel,  and  forming  liquid  water  at  0°,  pro- 
duces 33*982  units  of  heat  (gram-calories) ;  a  close  agreement 
with  the  number  obtained  by  Andrews,  33*970. — Ber,  Berl.  Cheni, 
Oes.^  X,  947,  May,  1877.  G.  f.  b. 

2.  On  Vapor  volumes  and  Avogadro^s  Zaw, — ^The  law  of 
Avogadro  asserts  that  equal  volumes  of  all  substances  in  the  gas- 
eous state,  contain  the  same  number  of  molecules ;  from  which  it 
follows  that  the  molecules  of  all  bodies  in  the  gaseous  state  are  of 
the  same  size.  Hence  calling  the  volume  of  the  hydrogen  mole- 
cule 2,  the  volume  of  all  other  molecules  will  also  be  2.  While 
the  great  majority  of  volatile  bodies  conform  to  this  law,  there 
are  some  whose  molecular  volumes  are  apparently  represented  by 
4,  6,  or  8.  Such  bodies  are  phosphoric  chloride,  ammonium  chlo- 
ride, ammonium  sulphydrate,  chloral  hydrate,  etc.  While  those 
chemists  who  deny  the  universality  of  Avogadro's  law,  maintain 
that  these  bodies  have  actually  the  molecular  volumes  given 
above,  those  who  assert  this  universality  claim  that  the  true  mo- 
lecular volume  of  these  substances  is  two,  as  it  should  be,  but 
that  dissociation  takes  place  at  the  temperature  of  the  experi- 
ments, yielding  two  or  more  bodies,  the  molecule  of  each  of 
which  has  a  volume  of  two.  Troost  has  submitted  this  point,  in 
the  case  of  chloral  hy'drate,  to  the  test  of  experiment,  in  a  very  in- 
genious way,  by  introducing  into  the  vapor  of  this  body,  a  salt 
containing  water,  whose  dissociation-tension  is,  as  nearly  as  possi- 
ble, equal  to  that  of  the  aqueous  vapor  of  the  chloral  hydrate. 
If  the  vapor  of  the  chloral  hydrate  suffers  dissociation  and  con- 
sists of  equal  volumes  of  chloral  vapor  and  of  aqueous  vapor, 
then  the  salt  introduced  will  give  up  no  water;  i.  e.,  the  vapor- 
volume  will  remain  constant  But  if  chloral  hydrate  is  volatile 
as  such,  its  vapor  is  free  from  water  and  on  introducing  the  salt  it 
will  give  up  water  and  the  volume  will  increase  till  the  dissocia- 
tion-tension is  reached.  The  salt  chosen  was  potassium  oxalate, 
KgCgO^+HgO,  whose  dissociation-tension  at  78°  is  53  nmi.  and 
at  100°  182  mm.  The  experiments  were  conducted  in  Hofmann's 
vapor  density  apparatus,  in  both  alcohol  vapor  and  steam.  In 
both  cases  the  result  was  the  same ;  the  volume  increased  on  in- 
troduction of  the  oxalate.  Hence  Troost  asserts  that  chloral 
hydrate  is  volatile  without  decomposition. — Ber,  Berl,  Chem, 
Oes.j  X,  899,  May,  1877.  g.  p.  b. 

3.  On  JPlcUo-diiodo^initrosyl  and  Triplaio^ctonitrosylic  acid, 
— By  the  action  of  an  alcoholic  solution  of  iodine  upon  potassium 
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or  barium  platonitrite,  Nitron  bas  obtained  a  new  class  of  bodies 
which  he  calls  platoiodnitrites.  The  mixture,  which  is  at  first 
dark  reddish  brown,  becomes,  on  heating  to  30°  to  40**,  clear 
amber-yellow,  evolving  abundance  of  gas,  in  which  the  char- 
acteristic odor  of  aldehyde  is  perceivable,  and  depositing  on 
cooling  the  platoiodnitrite  in  crystals.  The  potassium  salt  forms 
large  brilliant  four-sided  amber-yellow  prisms,  having  the  formula 
KsNgO^I^Pt.  (HgO),.  Nilson  assigns  to  it  the  rational  formula 
K— O— NO=:=Iv^ 

>Pt,  the  relation  of  this  body  to  the  pla- 
K— .0— NO=:=I^' 

K—- O— NO=:=NO— 0\^ 
tonitrite  >Pt  being  very  simple. 

K— O— NO=:=NO— O-^' 
The  reaction  he  represents  thus : — 

K,(NO,),Pt+I,+(C,H,0),=K,N.OJ,Pt+C,H,0+ 
(C-H,0K0),+(fi,6),. 
The  radical  he  names  plato-diiodo-dimtrosyl. 

Nilson  has  describe  also  a  new  platonitrosylic  acid,  obtained 
while  endeavoring  to  produce  platotetranitrosylic  acid  by  the 
method  of  Lang.  For  this  purpose  barium  platonitrite  was  de- 
composed by  sulphuric  acid  in  the  cold,  and  the  solution  was 
evaporated  in  a  vacuum  over  sulphuric  acid.  At  first  red  needles 
were  deposited,  corresponding  to  the  acid  of  Lang ;  but  on  carry- 
ing the  solution  to  dryness,  a  brownish-green  brilliant  residue 
remained,  which  was  easily  soluble  in  water,  was  strongly  acid, 
was  permanent  at  100°,  and  which  after  drying  over  sulphuric 
acid,  had  the  composition  H4(NO,)8Pt30.  (H,0),.  Hence  the 
unstable  tetra  acid,  evolving  one-third  its  nitrogen  as  nitrous  acid, 
forms  a  remarkably  permanent  octo  acid,  the  potassium  salt  of 
which  is  well  crystallized.  The  author  calls  it  triplato-octoni- 
trosylic  acid  and  assigns  to  it  the  rational  formula : — 

H-.-O-— NO— NO— ^— Pt . 

!  I  \^ 

H—O — NO— -NO— O^  "^v 

>Pt         >0+(H,0),. 
H— O— NO NO O^  X 

!  !  '^ 

H — o— -i^o — iIjo— O— Pt  / 

— Ber.  Berl  Chem.  Ges.y  x,  980,  934,  May,  187Y.  G.  p.  b. 

4.  On  the  Action  of  Bromine  upon  Pyrotartaric  Add. — BouB- 
GOiN  has  studied  the  action  of  bromine  upon  pyrotartaric  acid, 
prepared  as  usual  by  the  distillation  of  tartaric  acid.  For  this 
purpose  6*6  grams  were  heated  with  10  c.c  of  bromine  and  50  c,c. 
of  water  in  a  sealed  tube  to  130®  or  132°  for  thirty-six  hours,  or 
to  152**  for  fifteen  hours.  On  opening  the  tubes  carbon  dioxide 
was  abundantly  evolved,  and  the  tube  contained  a  dense  li<jpid 
upon  which  rested  an  aqueous  solution  of  hydrobroniic  acid.  Tlie 
heavy  liquid,  after  washing  with  dilute  potassium  hydrate  solution, 
was  colorless  and  transparent,  having  an  ethereal  camphor-like  odor, 
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irritatinff  to  the  eyes,  a  sharp  very  sweet  taste,  a  density^  of  2*93, 
and  boiuDg  about  200°,  undergoing  partial  decomposition.  On 
analysis  it  gave  the  formula  C/H^Br^.  As  it  readily  solidifies  al 
—  17^,  it  is  thereby  distinguished  from  acetylene  tetrabromide, 
which  remains  liquid  at  «20°.  From  its  reactions,  the  author 
regards  it  as  tribrom-ethylene  hydrobromate  (or  its  equivalent 
dibrom-ethylene  dibromide,)  which  solidifies  in  a  freezing  mixture 
and  resembles  it  closely  in  other  particulars.  The  third  body 
known  which  has  the  formula  CjHjBr^,  is  tetrabrom-ethylene  hy- 
dride, a  crystalline  body  melting  at  54*5°.  The  use  of  bromine  in 
distineuishing  the  isomeric  forms  of  pyrotartaric  acid,  is  evident. 
— jBw2.  8oc.  Ch.y  n,  xxvii,  395,  May,  1 877.  g.  p.  b. 

5.  On  the  PolybaHc  acids  obtained  by  the  action  of  Carbon 
dioxide  Ofh  Phenol. — ^The  interesting  synthesis  of  orthoxvbenzoic 
^salicylic)  and  paraoxybenziMc  acids  by  the  action  of  carbon 
aioxide  upon  sodium-phenol  and  potassium-phenol,  discovered  by 
Kolbe,  and  the  further  discovery  by  Osr,  that  a  second  and  a 
third  carboxyl  ^oup  could  be  in  this  way  introduced  into  phenol, 
forming  respectively  a  phenol-dicarbonic  and  a  phenol-tricarbonic 
acid,  has  led  the  latter  chemist  to  study  carefully  the  conditions 
of  the  reactions.  For  the  tricarbonic  acid,  the  process  is  conducted 
as  for  salicylic  acid,  the  mixture  being  finally  more  strongly  heated 
— to  about  360°— until  phenol  ceases  to  come  over.  The  purifica- 
tion is  accomplished  by  converting  the  acid  into  barium  salt,  and 
then  decomposing  this  by  a  large  excess  of  hot  hydrochloric  acid ; 
the  acid  separates  in  crystals  on  cooling.  From  650  grams  phenol, 
converted  into  sodium-phenol  and  heated  to  270°  tor  thirty-two 
hours  (when  830  grains  of  phenol  came  over)  and  then  for  fourteen 
hours  more  with  a  gradually  increasing  temperature  (during  which 
110  grams  more  of  phenol  distilled  over),  20  grams  phenol-tricar- 
bonic acid  were  obtained.  The  dicarbonic  acid  is  best  obtained 
by  using  a  mixture  of  three  molecules  of  sodium-phenol  and  one  of 
potassium-phenol,  and  heating  to  820°.  By  reason  of  its  insolu- 
bility in  water,  the  acid  is  easily  purified.  From  50  grams  phenol, 
10  to  12  grams  of  pure  phenol-dicarbonic  acid  were  obtained,  and 
82  grams  of  phenol  were  recovered.  Its  formation  from  salicylic 
(ortnoxybenzoic)  acid  and  its  conversion  into  paraoxy  ben  zoic  acid 
on  heating,  prove  that  the  two  carboxyls  occupv  the  ortho  and 
the  para  positions.  As  to  the  tricarbonic  acid,  Ost  converted  it 
into  the  chlor-acid  by  the  action  of  phosphoric  chloride,  and  then 
reduced  this  by  sodium  amalgam ;  thus  obtaining  trimesinic  acid 

(COOH 
C-H,  \  COOH  identical  with  that  obtained  from  mesitylene  bv 
•    '(COOH  ^  ^ 

Fittig.  The  phenol-tricarbonic  acid  is  therefore  oxytrimesinic 
acid.  No  further  introduction  of  carboxyl  into  phenol  was  pos- 
sible, the  meta  derivatives  not  being  obtainable  in  this  way ;  a 
fact  true  also  of  the  nitro-derivatives.— -e/]  pr.  Ch.j  11,  xv,  301, 
April,  1877.  G.  p.  B. 

6.  On  the  RekUion  of  Cystin  to  SiUphates  in  the  Urine. — ^Nie- 
HAim  has  examined  a  case  of  cystmurea  and  has  sought  to 
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determine  the  quantitative  relatioi  between  eystin  and  other  con- 
stituents of  the  urine,  in  this  disease.  The  most  noteworthy  fact 
observed  was  that  the  per  cent  of  eystin  stood  to  that  of  the  sul- 
phuric acid  as  1 :  3'89,  and  that  the  two  varied  together.  The 
quantity  of  uric  acid  was  diminished,  but  that  of  the  urea  was  not 
sensibly  affected.  The  patient  excreted  from  0*4234  to  0-595 
gram  eystin  per  day.— Xte6j^'«  -4n».,  clxxxvii,  101,  May,  1877. 

G.    F-    B. 

7.  On  Gausses  Theory  of  Capillarity. — The  virtual  work  of  the 
molecular  forces  engaged  in  the  phenomenon  of  Capillarity  is 
divided,  according  to  Gauss,  into :  1,  that  which  arises  from  the 
force  of  gravity ;  2,  that  which  arises  from  the  forces  between  the 
particles  of  the  fluid ;  and  3,  that  which  arises  from  the  forces 
oetween  the  fluid  particles  and  the  surrounding  solid  bodies.  The 
contact  line  between  different  bodies  is  made  apparent  when  the 
complicated  integrals  are  reduced  to  simpler  forms.  Lippman 
separates  a  quantity  from  the  general  expression.  This  quantity 
is  connected  with  the  variation  in  the  contact  line.  Lippman 
believes  that  he  has  made  this  included  connection  ^'  for  the  first 
time"  noticeable.  He  discusses  the  changed  equations  of  Gauss 
which  he  has  thus  divided  into  two  parts.  By  a  consideration  of 
the  facts  that  the  volume  variation  of  solids  and  in  compressible 
fluid  bodies  =  0,  and  that  by  the  shifting  of  absolute  movable 
particles  of  a  homogeneous  fluid  without  volume  variation,  no 
work  is  done — the  original  equations  can  be  simplified.  Lippman 
finally  shows  why  we  cannot  assume  that  the  rise  of  a  liquid  in  a 
capillary  column  depends  upon  the  attraction  between  the  fluid 
and  the  unmoistened  parts  of  the  walls  of  the  containing  vesseL — 
JBeibldtteTj  Fogg,  Anii.^  vol.  i.  No.  5,  p.  275.  j.  t. 

8.  Influence  of  Light  upon  the  Electrical  resistance  of  Metals. 
— Dr.  K.  B6RNSTBIN,  Assistant  in  the  Physical  Institute  of  Heidel- 
berg University,  claims  that :  "  The  property  of  experiencing  a 
diminished  electrical  resistance  under  the  influence  of  luminous 
rays  is  not  confined  to  the  metalloids  selenium  and  tellurium,  but 
belongs  also  to  platinum,  gold  and  silver,  and  in  all  probability  to 
metals  in  general.  The  electrical  current  diminisnes  both  the 
conductivity  and  also  the  sensitiveness  to  light  of  its  conductor ; 
and  both  of  these,  after  cessation  of  the  current,  gradually  acquire 
their  former  value. — Phil.  Mag.  Supplement^  June,  1877,  p.  1. 

J.  T. 

9.  Chemical  and  Physical  Researches ;  by  Thomas  Graham. 
Collected  and  printed  for  presentation  only.  Preface  and  Ana- 
lytical Contents,  by  Dr.  R.  Angus  Smith.  Edinburgh,  1876. — 
What  Horace  wrote  of  his  own  works 

"  Exegi  monumentmn  aye  perennius," 

is  equally  true  of  the  product  of  all  literary  and  scientific  l^or  of 
the  highest  class,  and  no  more  worthv  tribute  can  be  paid  to  in- 
tellectual greatness  than  by  carefully  cherishing  that  monument, 
which  the  noble  intellect  during  this  earthly  life  erects  to  itselC 
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Such  a  recognition,  thoagh  long  delayed,  the  French  Government 
bestowed  both  on  La  Place  and  on  Lavoisier,  by  publishing  mag- 
nificent editions  of  their  works.  A  similar  debt  of  gratitude  the 
American  Academy  of  Arts  and  Sciences  has  paid  to  Rumford ; 
but  we  do  not  hesitate  to  say  that  the  elegant  volume  before  us, 
in  which  his  two  friends, — James  Young  and  R  Angus  Smith, — 
have  embodied  the  "  Chemical  and  Physical  Researches  of  Thomas 
Graham,"  is  the  noblest  tribute  of  all.  To  the  scientific  contem- 
poraries of  Graham,  among  whom  it  has  been  widely  distributed, 
this  volume  is  the  most  worthy  memorial  possible  of  the  successful 
student  of  nature  whom  all  honored,  and  of  the  man  whom  all 
who  approached  him  loved.  His  modesty  of  character  was  in 
striking  contrast  with  the  self-assertion  of  the  Roman  poet  who 
could  write  the  famous  verse  we  have  quoted  above ;  but  no  friend 
of  Graham  can  doubt  that  this  literary  tribute  would  be  far  more 
grateful  to  him  than  the  bronze  statue  which  adorns  his  native 
city.  Bronze  can  add  no  luster  to  intellectual  greatness,  and 
however  much  it  may  swell  the  false  glory  of  the  living,  to  the 
eyes  of  posterity  it  only  renders  the  transient  splendor  the  more 
vain.  Such  monuments  have  their  value  in  so  far  as  by  keeping 
constantly  before  the  people  examples  of  true  greatness  they  serve 
to  educate  a  nation.  But  who  does  not  know  that  the  chief  mo- 
tive which  erects  statues  of  great  men  is  national  vanity,  and 
when  will  nations  learn  that  they  can  serve  even  this  selfish  aim 
far  more  effectually  by  promoting  with  pecuniary  means  the 
labors  of  their  great  scholars  while  living,  and  carefully  cherishing 
their  works  when  dead.  Every  student  of  science  would  have 
prefeiTed  that  the  memorial  before  us,  worthy  as  it  is  of  one  of 
the  noblest  scientific  scholars  which  England  has  produced,  should 
have  been  a  tribute  of  the  nation  rather  than  an  offering  of  two 
devoted  friends,  and  all  must  regret  that  a  similar  tribute  has  not 
been  paid  to  Graham's  great  contemporary,  Michael  Faraday. 

The  great  value  of  memorial  volumes  like  the  one  which 
Graham^s  two  friends  have  presented  gratuitously  to  the  scientific 
world  is  to  be  found  in  this, — that  they  add  finish  to  the  com- 
pleted work  of  the  great  man,  they  commemorate,  and  exhibit  its 
unity.  The  investigations  of  almost  every  successful  student  of 
nature  are  directed  by  a  few  controlling  ideas,  and  although  the 
parts  may  seem  to  his  contemporaries  to  be  disconnected,  because 
the  results  are  published  at  intervals,  yet  when  the  work  is  done, 
and  is  seen  with  the  perspective  which  time  gives,  the  plan 
appears;  and  no  greater  service  can  be  done  for  the  departed 
scholar  than  to  bring  together  his  scattered  papers,  and  mate  evi- 
dent to  the  world  the  great  thoughts  which  give  unity  and  dignity 
to  the  whole ;  and  not  only  is  the  work  of  his  life  thus  made  to 
appear  more  worthy,  but,  what  is  more  important,  it  is  rendered 
more  useful  to  science. 

The  trait  we  have  pointed  out  is  most  conspicuous  in  the  inves- 
tigations of  Graham,  and  the  service  we  have  commended  has 
been  most  ably  rendered  to  his  deceased  friend  by  Dr.  Angus 

Am.  Joub.  8ci.— Thikd  Sbbibs,  Vol,  XIV,  No.  80.— August,  1877. 
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Smith,  in  the  admirable  "Preface  and  Analytical  Contents'*  of  the 
Yolume  we  are  noticing.  It  is  this  feature  which  in  oar  estimate 
renders  this  volume  a  more  worthy  memorial  than  either  of  the 
works  to  which  we  have  referred  above.  In  a  biographical  notice 
prepared  for  the  Proceedings  of  the  American  Academy  of  Arts 
and  Sciences,  and  reprinted  in  this  Journal,  HI,  vol.  i,  p.  115,  we 
have  already  expressed  our  appreciation  of  the  remarkably  unique 
character  of  Graham's  work,  and  shown  that  it  forms  a  large  part 
of  the  experimental  basis  of  the  recent  science  of  molecular 
mechanics ;  and  we  are  glad  to  find  that  our  estimate  of  these  in- 
vestigations has  been  so  fuUv  confirmed.  There  is  but  one  obser- 
vation which  we  desire  to  add. 

Faraday  and  Graham  were  two  of  the  most  successful  dis- 
coverers who  in  any  age  have  illustrated  the  annals  of  physical 
science,  and  their  success  was  wholly  due  to  the  power  witn  which 
thev  wielded  the  inductive  method  of  experimental  research.  Ex- 
periment guided  by  analogy  ever  has  been,  and  ever  must  be,  the 
fundamental  condition  of  all  progress  in  physics,  and  we  regret 
to  see  a  tendency  to  undervalue  this  mode  of  investigation  as 
compared  with  the  more  rigid  methods  of  mathematical  deduction. 
The  ability  to  devise  crucial  experiments,  and  to  overcome  the 
difficulties  which  the  material  conditions  of  every  new  physical 
problem  present,  is  a  talent  of  fully  as  high  an  order  as  that  which 
can  marsoal  differential  equations  and  draw  forth  the  truths  whic^ 
they  involve ;  and  this  mathematical  skill,  all  important  as  it  is, 
and"  essential  to  the  later  develonments  of  the  science,  would  be 
powerless  without  the  data,  which  experiment  has  supplied.  We 
would  therefore  most  earnestly  commend  to  the  attention  of  the 
students  of  physics,  these  experimental  researches  of  Graham,  as 
an  example  of  what  great  results  can  be  attained  by  purely  and 
very  simple  experimental  means.  j.  p.  c.,  jb. 

Newport,  July  9th. 

IL  Geology  and  Mineralogy. 

1.  Bulletin,  Vol,  ni.  No.  3,  of  HaydefrCe  JEtepedUion. — The  pub- 
lication of  this  Bulletin  was  announced  in  the  preceding  number 
of  this  Journal.    The  following  are  notes  from  the  volume. 

Professor  Cope  refers  the  Lignitic  beds  of  the  Judith  River  re- 
region  to  the  Cretaceous,  making  the  Eocene  Tertiary  commence 
with  the  Wahsatch  group.  These  Judith  River  beds  overlie  the 
Fox  Hills  group,  which  is  the  Upper  Cretaceous  No.  6,  of  Hayden 
&  Meek,  a  rusty  sandstone  separating  the  former  (which  he  makes 
Cretaceous  No.  6),  from  the  black  shales  of  the  latter.  These  Ju- 
dith beds  have  a  thickness  of  300  to  500  feet,  and  afford,  above  as 
well  as  below,  various  Dinosaurian  remains.  From  the  upper  two- 
thirds  of  a  section  of  332  feet.  Dr.  Cope  enumerates  the  following : 
LcelapSy  6  specie^ ;  Troddon,  1 ;  Aublyeodon,  2 ;  1 2  others  of  the 
genera  Zapsalis,  Paronychodoriy  Palceo9cincus,  Dyagantis^  ZHclo- 
nittSy  Trachodon,  Monodonius  ;  also  species  of  CrocodUus  ;  of  the 
Testudinate  genera   Trionyx,  Plaetomenus,  PolythoraXy   Comp- 
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semySy  Emys ;  of  RhyncJioc^halia^  4  species;  Batrachia  Uro- 
dda^  5 ;  others  of  LepidoBteus^  and  Ceratodns. 

Mr.  Cope  makes  the  Lignitic  formation  include  the  Judith 
River  and  Fort  Union  epochs,  as  defined  by  Meek,  and  regards 
the  Laramie  or  Bitter  Creek  beds  as  representing  other  epochs. 

Prof.  White  discusses  the  age  of  the  Lignitic  group  in  connec- 
tion with  his  review  of  the  species  of  fresh-water  and  land  shells. 
He  refers  the  Judith  River  and  Laramie  groups  to  the  Post-  Ore- 
taceouSy  and  recognizes  the  same  five  Cretaceous  groups  laid  down 
by  Hayden  and  Meek;  but  he  makes  the  Cenozoic  or  Tertiary 
commence  near  the  base  of  the  Fort  Union  group,  in  the  Upper 
Missouri  region,  and  also  near  that  of  the  Wahsatch  in  the  Green 
River  region ;  so  that  the  Tertiary  of  the  Green  River  region  in- 
cludes (beginning  below)  the  Wahsatch  (except  its  earliest  part), 
Green  River,  Bndger  and  Brown's  Park  groups,  all  of  fresh  water 
origin ;  and  that  of  the  Upper  Missouri  River  region,  the  Fort  Un- 
ion, Wind  River  and  White  River  groups.  The  Laramie  group 
and  the  lower  portion  of  the  overlying  Wahsatch  (some  600  or  600 
feet)  is  the  portion  of  the  series  about  which  the  age,  whether 
Cretaceous  or  Tertiary,  is  in  dispute.  The  final  change  from 
brackish  to  fresh-water  formations  takes  place  at  the  close  of  this 
early  part  of  the  Wahsatch. 

Dr.reale  describes  mountains  consisting  partly  of  mixed  erup- 
tive and  sedimentary  rocks,  occurring  in  Colorado.  Among  the 
examples  of  them  there  are  the  Spanisn  Peaks,  two  isolated  moun- 
tains east  of  the  Sangre  de  Cristo  Range ;  two  areas  of  low  hills 
in  Middle  Park;  Mount  Guyot  and  Silverheels,  northeast  of  South 
Park;  four  Elk  Mountain  areas,  the  Italian,  White  Rock,  Snow 
Mass  and  Sopris ;  the  Sierra  la  Sal,  1 20  miles  west  of  the  Elk 
Mountains,  and  others.  The  areas  are  isolated,  and  in  regions  of 
sedimentary  rocks.  The  mountains  consist  partly  of  trachyte  and 
rhyolyte,  or  of  granite,  into  which  the  trachyte  graduates,  or  less 
commonly  of  dioryte.  The  sedimentary  rocks  are  intersected  by 
dikes,  and  the  beds  have  sometimes  been  carried  up,  broken  off, 
overturned,  and  forced  apart  by  intrusive  sheets;  or  the  liquid 
rock  has  forced  its  way  through  the  strata  and  spread  out  with 
scarcely  any  displacements;  or,  on  reaching  the  shales,  it  has 
pushed  its  way  between  the  layers,  lifting  those  above.  The  sed- 
iments adjoining  are  sometimes  altered  and  even  disguised,  in 
other  cases  they  are  unaltered  by  the  heat.  The  rocks  penetrated 
and  overlaid  are  in  part  the  Cretaceous ;  and  in  one  of  the  West  Elk 
Mountain  areas,  Upper  Cretaceous ;  the  eruptions  were  certainly 

E3St-Cretaceous.  In  Park  View  Mountain  and  Spanish  Peaks, 
ignitic  strata  are  intersected  by  trachytic  dikes.  Dr.  Peale  con- 
cludes that  the  eruptions  are  all  of  the  same  age;  that  they 
occurred  after  the  elevation  of  the  mountain  ranges ;  and  that  the 
trachvte  and  other  rocks  have  resulted  from  the  fusion  of  meta- 
morpfiic  rocks  lying  beneath — the  fusion  being  due  to  the  heat 
occasioned  by  the  movements  and  plication. 

A  Fourth  edition  of  the  "  Lists  of  Elevations"  by  H.  Gannett 
has  been  issued.  It  contains  the  Hypsometric  map  noticed  on 
page  887  of  the  last  volume  of  this  Journal. 
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2.  The  Coal  Mines  of  the  Western  Coast  of  the  United  States  ; 
by  W.  A.  Goodyear,  Mining  Engineer.  154  pp.  12mo.  San 
Francisco.  1877,  (A.  L.  Bancroft  &  Co.) — The  author  of  this 
volume  has  had  a  ten  ^rears'  intimate  practical  acquaintance  ^iith 
the  coal  mines  of  California,  Oregon  and  Washington  Territory. 
His  work  gives  a  clear  and  full  description  of  the  coal  fields  (none 
of  which  are  older  than  Cretaceous),  and  of  the  mines  themselves 
as  they  exist  to-day,  together  with  statistics  of  production,  infor- 
mation concerning  the  relative  value  for  steam  purposes  of  the 
various  coals  which  come  to  the  San  Francisco  market,  and  other 
cognate  matters  interesting  not  only  to  geologists  and  mining 
engineers,  but  also  to  all  who  are  connected  with  the  coal  trade. 
The  relative  value  of  the  different  coal  fields  is  considered,  and 
the  following  conclusion  reached:  that  the  mines  of  California 
cannot  be  relied  on  for  much  more  coal ;  that  those  of  Coos  Bay, 
Oregon,  the  only  ones  yet  worked  in  that  State,  will  not  probably 
be  worked  with  a  profit  many  years  longer ;  that  **  it  is  unques- 
tionably to  the  mmes  of  Washington  Territory  and  of  British 
Columbia  that  the  Pacific  coast  must  look  hereafter,  both  for  its 
chief  domestic,  and  its  nearest  and  most  reliable  foreign,  supplies 
of  a  good  article  of  coal." 

3.  On  the  Origin  of  Karnes  or  Eskers  in  New  Hampshire  ;  by 
Warrbn  Upham,  of  Nashua,  N.  H.  (Proc.  Amer.  Assoc.,  Bnfialo 
Meeting,  1876). — ^Mr.  Upham  describes  "kames"  as  existing  along 
the  lower  part  of  the  valleys  of  almost  every  river  in  the  State  of 
New  Hampshire;  and  as  being  ridges  several  miles  in  length,  or 
remnants  of  them,  made  up  of  sand  and  fine  or  coarse  gravel,  and 
in  some  places  containing  occasional  angular  bowlders.  A  single 
continuous  "kame,"  150  to  260  feet  high,  is  said  to  extend  in  the 
Connecticut  valley  from  Lyme,  N.  H.,  to  Windsor,  Vt.,  a  distance 
of  twenty-four  miles.  Mr.  Upham  describes  the  terraces  as  con- 
sisting of  sand,  clay  and  fine  gravel,  and  as  covering  in  places 
the  kames,  and  therefore  newer  than  the  kames.  Their  ongin  is 
referred  to  depositions  by  sub-glacial  streams  of  the  material 
dropped  by  the  melting  glacier  before  its  retreat. 

4.  The  American  Pakeozoic  Fossils,  A  Catalogue  of  the  Gen- 
era and  Species,  with  names  of  authors,  dates,  places  of  publica- 
tion, Groups  of  Rocks  in  which  found,  and  the  Etymology  and 
Signification  of  the  words,  and  an  Introduction  devoted  to  the 
Stratigraphical  Geology  of  the  Palaeozoic  rocks;  by  S.  A.  Miller. 
254  pp.  8vo.  Cincinnati,  1877.  Published  by  the  Author. — This 
title  gives  the  contents  of  Mr.  Miller's  work.  The  Catalogue  is  the 
result  of  a  large  amount  of  labor,  and  will  be  of  great  service  to 
students  in  Paleontology.  The  Introductory  chapter  is  judiciously 
drawn  up ;  and  so  also  a  preceding  chapter  on  the  construction  of 
scientific  names  in  Paleontology,  by  Prof.  E.  W.  Claypole,  of  An- 
tioch  College.  The  Catalogue  commences  with  the  names  of  fossil 
Plants ;  and  continues  with  those  of  Animals,  beginning  with  the 
lowest.  Among  Vertebrates  it  includes  only  the  fossil  Fishes  and 
Reptiles.  A  valuable  addition  to  such  a  catalogue  would  be  a 
table  containing  the  titles  of  the  works  referred  to. 
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6.  Heights  of  Mountains  in  Western  Connecticut — ^The  fol- 
lowing is  a  list  of  some  of  the  mountain  elevations  of  Western 
Connecticut,  as  obtained  by  a  survey  made  two  or  three  years  ago 
bv  Messrs.  Fyler  and  Civil  Engineer  George  M.  Bradford,  of 
Winsted,  and  the  Hon.  Robbins  Battell  and  H.  P.  Lawrence,  of 
Norfolk.  It  will  be  seen  that  Salisbury,  the  northwest  corner 
township,  has  elevations  much  higher  than  that  of  Mt,  Ivy  in 
Goshen,  which  used  to  be  called  the  highest  land  in  Connecticut. 
The  elevations  here  given  are  the  heights  above  tide  water : 

Spaulding's  Sitamiit,  Norfolk 1,336  feet 

Piatt  Mountain,  Winchester 1,460  " 

Chamberlain  Mountain,  Winchester 1,480  *' 

Ivy  Mountain,  Gtoshen. - 1,642  " 

Riggs  Mountain,  Norfolk 1,565  " 

Knapp  Mountain,  Norfolk 1,617  " 

Moses  Mountain,  Norfolk 1,645  ** 

Button  Mountain,  Norfolk 1,672  " 

Summer  Mountain,  Norfolk 1,672  " 

Haystack  Mountain,  Norfolk 1,67 2  " 

Gaylord  Mountain,  Norfolk 1,717  »♦ 

Bald  Mountain,  Norfolk 1,770  " 

Winrow  Mountain,  Norfolk 1,770  " 

Mt.  Bradford,  Canaan 1,960  " 

Clipper  Mountain,  Canaan -.1,810  " 

Bald  Peak,  Salisbury 1.996  " 

Buck  Mountain,  Salisbury 2,150  " 

Bear  Mountain,  Salisbiury 2,250  " 

Mount  Brace 2,300  " 

"Tlie  last  three  heights  are  estimated."  The  report  of  the  sur- 
vey says :  Mount  Brace  and  Bear  are  150  to  200  feet  higher  than 
the  ground  they  stood  on,  [Bald  Peak,  Salisbury^,  and  unques- 
tionably in  the  limits  of  this  State, — while  there  is  some  dispute 
as  to  wnether  the  highest  point  of  Mount  Brace,  which  is  con- 
siderably above  the  other  two,  is  in  this  State,  or  just  over  the 
line  in  New  York.  The  monument  to  mark  the  State  line  is  on 
this  mountain  near  the  top,  and  it  is  exceedingly  probable  that 
the  highest  land  in  the  State  is  exactly  in  the  comer  where  New 
York  and  Massachusetts  join  Connecticut.  Only  this  seems  now 
certain,  that  there  is  land  in  this  State  that  will  vary  little,  if  any, 
from  2,800  feet  above  the  sea  level. — Hartford  Times^  June  14, 
1877.  This  high  land  is  in  the  Taconic  range  and  just  south  of 
Mount  Washington. 

6.  On  some  of  the  conditions  influencing  the  projection  of  dis- 
crete solid  materials  from  Volcanoes^  and  on  the  mode  in  which 
Pompeii  was  overwhelmed, — Robert  Mallett,  F.R.S.,  has  an  im- 
portant paper  on  this  subject  in  the  Journal  of  the  Royal  Geo- 
logical Society  of  Ireland,  vol.  xiv,  part  3,  which  was  read  before 
the  Society  a  year  since, 

7.  T/ie  Geological  Survey  of  Portugal.  —  The  recent  publica- 
tions of  the  Survey  of  Portugal  include  a  memoir  on  the  (Javes  of 
Casareda  containing  human  remains,  by  J.  L  N.  Delgado ;  on  the 
existence  of  Silurian  rocks  in  the  vicinity  of  Alemtejo,  by  the  same; 
on  the  Quaternary  of  the  hydrographic  basins  of  Tejo  and  Sado, 
by  C.  Ribiero ;  on  the  supply  of  Lisbon  with  spring  and  river 
waters,  by  the  same. 
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C.  Kibeiro  has  also  published  a  memoir  on  flint  and  quartz  im- 
plements from  the  Tertiary  and  Quaternary  of  Tejo  and  Sado,  in 
the  Memoirs  of  the  Lisbon  Academy  of  Sciences. 

8.  Earthquake  of  JallscOy  Mexico^  and  eruption  of  the  Vol- 
caiio  Ceboruco, — A  detailed  account  of  the  Jalisco  earthquake,  of 
the  llth  of  February,  1877,  shaking  heavily  the  city  of  Guadala- 
jara, and  of  Ceboruco,  a  volcano  in  the  region,  by  a  Government 
Commission,  consisting  of  M.  Iglesias,  M.  B&rcena,  and  J.  L 
Matute,  is  contained  in  the  first  volume  of  the  Anales  del  Minis- 
terio  de  Fomento  de  la  Republica  Mexicana,  Tomo  i,  Febrero  de 
1877. 

9.  West  Rock  at  New  HaveUy  Connecticut^  not  the  termination 
of  the  Green  Mountain  range. — The  ridiculous  statement,*  that 
the  Green  Mountains  terminate  in  West  Rock,  is  still  afloat  in  the 
School  Geographies  studied  in  and  out  of  New  England.  The 
following  correction  of  it  appeared  nearly  sixty  years  since,  in 
Amos  Eaton's  "  Index  to  the  Geology  of  the  United  States,"  (p. 
103)  a  small  volume  published  at  Troy,  New  York,  in  1820. 

"  It  is  very  strange  that  several  publications  have  located  the 
southern  extremity  of  this  primitive  range  (the  Green  Mountains) 
in  West  Rock,  New  Haven,  which  is  greenstone  resting  on  red 
sandstone.  Such  random  guesses  given  as  facts  are  very  injurious 
to  the  science." 

III.  Botany  and  Zoology. 

1.  Some  points  of  BotanicaZ  Nomenclature. — ^The  series  of 
laws  of  nomenclature,  revised  and  expounded  by  Alph.  DeCan- 
dolle,  and  adopted  at  a  Botanical  Congress  in  France  a  few 
years  ago,t  naturally  left  certain  practical  points  unsettled,  or 
apparently  so.  A  Belgian  botanist,  A.  Cogniaux,  asks  some 
questions,  all  rising  out  of  the  way  in  which  genera,  their  syno- 
nyms, and  some  species  are  succinctly  dealt  with  or  referred  to  in 
the  Genera  PlantarUm  now  in  course  of  publication ;  and  he  very 
naturallv  addresses  these  questions  to  M.  DeCandolle.  The  latter 
replies,  laying  down  the  law :  and  the  correspondence  is  printed 
in  the  Bulletin  de  la  Soditi  Roydle  de  Botanique  de  Belgique^ 
1876,  pn.  477-485. 

The  aifficulty  upon  which  M.  Cogniaux  fell  was  not  very  for- 
midable, but  it  is  one  which  a  botanical  writer  has  to  settle,  and 
which  ought,  if  possible,  to  be  settled  with  unanimity,  and  upon 
intelligible  principles.  DeCandolle  seizes  the  principle  and  ap- 
plies it  to  the  case.  The  settlement  should  be  satisfactory  to 
all  who  really  accept  the  principle.  It  may  well  satisfy  us ;  for 
the  principle  is  one  which  for  manv  years  we  have  strenuously 
maintained  in  this  Journal.  The  met  is,  that  the  name  of  an 
author,  or  its  abridgment,  appended  to  the  name  of  a  genus,  or  to 
a  specific  name,  is  mere  bibliography,  stands  in  the  place  of  a 
citation  of  author,  work,  page,  etc.  For  some  purposes  the  whole 
citation  is  needed :  for  others  the  fii*st  word  suffices.     "  When  Dr. 

♦  See  this  Journal,  in,  x,  498,  xi,  151,  1876. 

f  Reprinted,  with  comments,  in  this  Journal,  July,  1868. 
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Hooker,  in  tbe  Genera  Plantarum,  characterizes  a  new  genus, 
Cerasiocarpuniy  and  states  that  it  is  founded  upon  the  .JSch- 
mandra  Zeylanica  of  Thwaites,  but  does  not  write  Cerasioearpum 
Zeylanicum^  how  is  a  succeediue  writer  to  refer  to  this  record  ? 
Shall  he  write  Cerasioearpum  Zeylanicum^  Hook.  f.  ?'^  If  this 
were  the  only  kind  of  case  coming  under  the  rule,  we  should  say 
it  were  best  to  do  so, — that,  although  Dr.  Hooker  has  not  im- 
posed the  specific  name  in  question  m  fact,  he  has  done  it  by 
such  direct  construction,  that,  in  the  absence  of  all  reason  to  the 
contrary,  the  name  might  be  cited  in  that  manner.  But  construc- 
tions grow ;  and  this  one  may  form  the  foundation  of  a  super- 
structure which  would  stand  very  much  in  the  way.  Suppose, 
asks  M.  Cogniaux,  the  new  genus  consisted  of  two  or  more 
species,  already  published  under  other  generic  names,  and  these 
were  in  like  manner  enumerated,  some  with  certainty,  some  with 
doubt ;  suppose  that  several  species  are  referred  to  a  newly  pro- 
posed genus  by  their  old  names,  without  saying  whether  thev  are 
severally  regarded  as  distinct  species  or  not ;  suppose,  to  take  an 
actual  case,  a  genus  is  said  to  contain  only  ^^  ttoo  or  three  "  known 
species,  while  four  or  five  species  of  authors  under  other  genera 
are  said  to  belong  to  it ;  suppose,  to  take  a  common  case,  the 
species  of  a  newly-formed  or  newly-limited  genus  could  not  be 
transferred  bodily  from  their  former  associations  to  the  new  with- 
out re-adjustment  and  alteration  of  some  names ;  and  fiuallj,  take 
Peuoadanum,  into  which  Bentham  thrusts  twenty  or  thirty  re- 
ceived genera,  some  of  them  numerous  in  species,  what  is  to  be 
done  ?  DeCandoUe  rightly  answers  these  questions,  first,  by  calling 
attention  to  the  fact  that,  from  the  time  of  Clusius  and  Dodoens 
down  to  Linnseus,  this  suffix  of  authors'  names  is  merely  the  com- 
mencement of,  or  in  lieu  of,  a  citation ;  that  it  is  not  a  matter  of 
homage  or  sentiment,  or  justice,  but  a  matter  of  fact,  i.  e.,  of  his- 
torical record.  The  guiding  principle  as  to  this  record  is,  that  we 
are  not  to  make  an  author  say  that  which  he  has  not  said.  The 
fact  is  that  Hooker  has  established  the  genus  Cerasioearpum,  and 
has  not  said  that  the  species  referred  to  it  should  be  called  C. 
Zeylanicum.  Probably  that  is  the  name  which  the  plant  should 
bear :  possibly  not.  When  some  writer  describes  or  enumerates 
it  under  that  name,  this  will  also  be  matter  of  record.  This  rule, 
which  rigid  coiisistency  requires  to  be  followed  in  such  a  case,  is 
obviouslpr  the  only  safe  one  in  all  the  following  cases.  It  is  the 
rule  which  we  ourselves  have  endeavored  to  follow.  It  is  at- 
tended by  a  certain  amount  of  inconvenience  in  certain  cases,  but 
any  serious  depailure  from  it  is  sure  to  introduce  confusion  and 
falsification  of  the  record.  But  it  is  every  way  desirable  that  the 
founder  of  a  genus  should  complete  the  nomenclature  of  the 
species  at  the  time,  whenever  and  so  far  as  he  can,  instead  of 
leaving  it  to  others. 

DeCandolle  closes  with  a  reminder  that  the  same  considera- 
tions apply  to  the  raising  or  lowering  of  the  grade  of  a  name ;  for 
instance,  that  Endlicher  should  not  have  written  Ordo  ihcartziece, 
DC,  when,  in  the  Prodromus,  the  rank  assigned  is  Subordo; 
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also  that,  when  a  genus  is  reduced  to  a  section  of  some  other,  we 
should  not  write  after  it  the  name  of  an  author  who  established 
it  as  a  genus,  etc.  Consistency  and  exact  correctness  require  that 
the  rule  suum  cuique  should  be  followed  even  in  these  matters. 
But  we  do  not  agree  in  the  re<][uisition  that  the  name  of  the  author 
who  first  used  a  former  generic  name  as  that  of  a  section,  should 
always  be  appended.  Sometimes  it  is  not  easy  to  ascertain  this, 
or  to  know  whether  or  not  it  has  been  yet  so  employed.  And 
when  known,  we  may  in  many  cases,  in  print  as  well  as  in  writing, 
innocently  and  safely  omit  the  authority  of  a  sub-genus  or  section, 
as  we  may  that  of  a  genus  or  species.  a.  g. 

2.  Atliamantha  Chinensis  L. — ^This  is  a  puzzle,  of  which  a 
probable  solution  by  Muhlenberj^  has  recently  turned  up.  Tlie 
following  is  the  character,  etc.,  in  the  Species  Plantarum,  ed.  1, 
p.  245. 

'^  Athamantha  ChinenaiSy  seminibus  membranaceo-striatis,  foliis 
supra-decompositis  laavibus  multifidis. 

^'  Habitat  .  .  .  Chinensem  dixit  Barthram  qui  semina  misit  ex 
Virginia. 

'^  Caulis  angulatus,  leevis,  erectus,  parum  flexuosus.  Folia 
Chserophylli,  lavia.  lJmbe]la  minus  expansa,  alba.  Semina  sin- 
gula 5-alis  longitudinalibus  parvis ;  involucrum  duplex." 

In  the  second  edition  of  the  Species  Plantarum  it  is  added : 
"  Statura  Selini  Monnieri." 

In  reading  the  botanical  correspondence  of  Zaccheus  Ck>llins, 
which  (as  is  already  noted  in  this  Journal)  is  preserved  in  the 
library  of  the  Academy  of  Natural  Sciences,  Philadelphia,  I  found 
the  following  in  a  letter  from  Muhlenberg,  dated  Oct.  12,  1813. 

"  Among  the  specimens  from  Genessee,  sent  by  Mr.  Whitlow, 
there  is  an  umbellate  agreeing  with  Athamantka  Chinensis  L., 
which  Linnaeus  had  irom  Mr.  Bartram,  who  had  visited  the  Lakea. 
Can  we  find  out  whether  in  Bartram's  time  the  name  of  Genessee 
was  known,  and  how  Bartram  spelled  it:  perhaps  Chinesee^  and 
whether  such  a  word  might  have  been  misunderstood?  I  have 
never  seen  Bartram's  journaL" 

The  journal  referred  to  must  be  John  Bartram's  "  Observations 
made  in  his  Travels  from  Pennsylvania  to  Canada."  8vo.  London, 
1761.  The  name  of  Genessee  is  certainly  older  than  Bartram's 
time. 

If  Muhlenberg's  suggestion  is  the  right  one,  as  is  probable,  the 
plant  is  probably  Conioselinum  Canadense,  Yet  that  hardly 
posseses  an  "  involucrum  duplex."  There  is,  perhaps,  a  specimen 
m  the  Linnsean  herbarium,  which  would  settle  this  point,     a.  g. 

3.  Repertorium  Annum  Z,iteratitrce  JBotanicce  periodica  curch 
runt  G.  C.  W.  Brohnensieg,  Custos  biblioth.  Soc.  Teylerianas,  et 
W.  BuBCK,  Math.  Mag.  et  Phil.  Nat.  Doct  Harlemi,  Erven  Loos- 
jes,  8vo. — We  have  before  us  tomm.  IT,  1876,  andtomm.  Ill,  1877, 
relating  to  publications  of  the  yelars  1873  and  1874  respectively. 
Vol.  I,  it  appears  was  brought  out  by  Van  Bemmelen,  who  sick- 
ened and  died  soon  after  its  appearance.  The  present  authors 
taking  up  the  work,  appear  to  have  done  it  very  conscientiously 
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and  well.  They  put  on  record,  in  a  systemjitic  way,  the  titles  of  all 
the  communicatious  relating  to  Botany  which  are  found  in  the 
periodicals  and  serials  of  the  years  in  question.  The  contents  are 
arranged  under  the  heads  of  General  Morphology,  Special  Morj)h- 
ology  of  the  several  classes  and  orders,  Physiology,  riant-descrip- 
tions. Floras,  Geography  of  Plants,  Paleontology,  etc.,  etc.  A 
list  of  the  periodicals  used  is  given,  an  alphabetical  index  of  au- 
thors, and  another  of  Families  and  Genera.  The  work  appears  to 
be  under  the  patronage  of  the  Teylerian  Society  of  Harlem.  It 
makes  a  valuable  supplement  or  continuation,  so  far  as  concerns 
botany,  of  the  Royal  Society's  Catalogue,  and  has  also  the  advan- 
tage of  systematic  arrangement  a.  g. 

4.  Sir  Joseph  DaMon  Hooker  and  party  on  a  Botanical  excur- 
sion to  the  Rocky  Mountains  and  California, — Sir  Joseph  Dal  ton 
Hooker,  President  of  the  Royal  Society,  and  Director  of  the  Royal 
Gardens,  Kew,  arrived  at  Boston  in  the  Parthia,  on  the  9th  ult. 
He  is  accompanied  by  Major  General  Strachey,  of  the  Royal  Ena:i- 
neers,  and  of  the  India  Board,  the  explorer  and  surveyor  of  Ka- 
moun,  etc.  They  proceeded  at  once  to  the  Rocky  Mountains  of 
Coloi*ado  and  Wyoming,  in  company  with  Professor  Gray  of  Cam- 
bridge, and  Professor  Leidy  of  Philadelphia,  escorted  by  Dr.  Hay- 
den,  to  whose  Survey  the  party  are  temporarily  annexed,  while 
they  make  a  botanical  reconnoissance  of  the  Kocky  Mountain 
region,  which  may  probably  be  extended  to  California. 

5.  The  Influence  of  Physical  Conditions  in  the  Oenesis  of 
Species;  by  Joel  A.  Allbn.  82  pp.  8vo.  (From  the  Radical 
Review,  vol.  i,  No.  1,  May,  1877.) — ^Prof.  Allen  has  brought  to- 
gether in  this  paper  a  large  numoer  of  facts — partly  of  his  own 
observation — on  the  differences  among  the  individuals  of  species 
connected  with  their  geographical  distribution.  He  draws  his 
illustrations  from  birds  and  mammals.  The  differences  are  differ- 
ences in  size  of  body,  size  and  form  of  peripheral  parts,  kind  and 
intensity  of  color,  and,  to  some  extent,  in  qualities  still  more 
fundamental :— differences  that  had  led  to  the  establishment  of 
many  distinct  species  which  now  are  known  to  shade  into  one  an- 
other by  hardly  perceptible  gradations.  The  author  after  point- 
ing out  many  examples,  argues  that  the  direct  influence  of  climate 
or  geographical  conditions — and  not  natural  selection — is  the 
chief  source  of  the  variations,  a  conclusion  the  facts  clearly  estab- 
lish. 

6;  Sir  Wyville  Thomson^  and  the  working  tip  of  the  "  Chal- 
lenger'*^ collections. — The  May  number  of  the  Annals  and  Magazine 
of  Natural  History  contains  an  article  by  Professor  P.  M.  Duncan 
charging  Sir  Wyville  Thomson  with  partiality  and  lack  of  patriot- 
ism in  the  distrioution  of  the  "  C^hallenger"  collections  for  descrip- 
tion. Mr.  Duncan  refers  especially  to  the  Echini,  Sponges,  and 
Protozoa,  a  portion  of  which  have  been  sent  for  description  to 
America  and  Germany,  which,  according  to  him,  belong  of  right 
to  British  naturalists. 

If  Sir  Wyville  Thomson  has  neglected  any  one's  interests  in  the 
matter,  he  may  be  said  to  have  disregarded  his  own,  by  sending 
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part  of  the  Sponges  to  Oscar  Schmidt ;  for  surely  no  one  has  a 
better  claim  than  Sir  Wyville  himseli*,  to  whatever  distinction 
may  be  gained  in  working  them  up  as  a  whole.  Mr.  Duncan 
speaks  of  the  destination  of  the  £chini  as  a  wron^  done  to  Dr. 
Thomas  Wright,  and  that  of  the  Radiolaria  as  a  slight  upon  Mr. 
Carter.  Without  discussing  the  merits  of  any  English  naturalist 
as  compared  with  those  selected,  it  certainly  is  no  sHght  to  any 
investigator  of  the  Protozoa,  that  the  Radiolaria  should  have  been 
intrusted  to  Uaeckel.  And  we  may  suppose  that  in  sending  the 
Echini  to  be  worked  up  at  Cambridge,  Sir  Wyville  was  strongly 
influenced  by  the  fact  that  a  larger  amount  of  material  for  the 
comparison  of  recent  Echini  is  to  be  found  at  the  Museum  of  Com- 
parative Zoology  than  in  any  other  institution ;  which  circumstance, 
added  to  Mr.  Agassiz's  familiarity  with  the  subject,  gives  him 
unusual  facility  for  the  work. 

More  important,  however,  than  any  personal  interest  is  the  prin- 
ciple involved  in  this  distribution.  The  same  cosmopolitan  spirit 
has  guided  Sir  Wyville  on  previous  occasions.    A  reference  to 

East  transactions  shows  not  only  that  he  has  been  consistent  with 
imself,  but  that  he  co\ild  scarcely  have  acted  otherwise  if  the  best 
and  fullest  scientific  results  were  to  be  obtained  from  the  materi- 
als in  question.  On  the  return  of  the  Porcupine  in  1 869,  it  was 
agreed  between  Sir  Wyville  Thomson  and  Mr.  Agassiz,  then  act- 
ing for  the  Coast  Survey  under  whose  auspices  similar  deep  sea 
dredgings  had  been  made,  that  they  should  send  their  respective 
materials,  as  far  as  possible,  to  the  same  persons,  and  secure  the 
best  cooperation  by  choosing  specialists  of  known  ability  regardless 
of  nationality.  We  may  add,  that  a  few  years  later,  when  the  col- 
lections of  the  Hassler  expedition  were  ready  for  distribution,  the 
same  policy  was  continued  with  even  greater  disregard  of  national 
predilections  than  in  the  case  of  the  "  Challenger,"  the  material 
being  divided  among  sixteen  specialists,  twelve  of  whom  were 
either  Swedes,  Frenchmen,  Englishmen,  or  Germans. 

We  cannot  regret  that  Sir  Wyville  Thomson  in  distributing  the 
invaluable  collections  of  the  Challenger  has  persisted  in  the  same 
course.  In  so  doing  he  has  selected,  as  far  as  possible,  those  in- 
vestigators whose  familiarity  with  the  results  of  his  own  earlier 
deep-sea  dredgings,  and  with  those  of  the  United  States  Coast 
Survey,  gives  them  an  unquestionable  advantage  in  working  up 
these  Later  collections.  In  short,  it  seems  to  us,  that  in  this  final 
division.  Sir  Wyville  has  manifested  the  discriminating  judgment 
which  has  made  the  Challenger  expedition  an  exceptional  one 
throughout ;  exceptional,  not  as  Mr.  Duncan  thinks  it  should  have 
been  in  its  exclusively  national  character,  but  exceptional  in  well 
laid  and  admirably  executed  plans,  conceived  in  a  liberality  of 
spirit  which  lays  the  whole  scientific  world  under  obligation. 

7.  American  Addresses^  with  a  Lecture  on  the  study  of  Biology; 
by  Thomas  H.  Huxley.  164  pp.  8vo.  London,  1877.  fMacnul- 
lan  &  Co.) — These  addresses  include  those  delivered  by  Professor 
Huxley  in  New  York,  in  1876,  noticed  on  page  399  of  volume  xii 
of  this  Journal  (1876),  and  also  his  address  on  the  occasion  of  the 
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opening  of  the  Johns  Hopkins  University,  delivered  at  Baltimore 
on  the  l*2th  of  September,  1876,  and  a  lecture  on  the  study  of 
Biology,  in  connection  with  the  Loan  Collection  of  Scientific  Ap- 
paratus, South  Kensington  Museum,  delivered  December  16,  1876. 

IV.  Astronomy. 

1.  JSTotice  of  the  Meteor  of  June  12, 1877 ;  by  Professor  Daniel 
KiRKWOOD.  (Communicated.) — On  the  evening  of  June  12, 1877, 
about  fifteen  minutes  before  9  o'clock,  a  large  meteor  was  seen  in 
Indiana,  throughout  almost  the  entire  extent  of  the  State.  The 
Plymouth  De^nocra^  of  Thursday,  June  14th,  contains  the  fol- 
lowing notice  of  the  phenomenon : 

"A  remarkably  brilliant  meteor,  of  a  bluish  color,  passed 
through  the  heavens  from  west  to  east,  last  Tuesday  evening  at 
about  fifteen  minutes  past  9  o'clock.  The  movement  of  the 
meteor  was  much  slower  than  is  usual  with  such  bodies,  being 
visible  for  several  seconds.  It  left  no  trace  of  its  course,  as  some 
former  meteors  have  done.  Its  elevation  was  about  thirty  de- 
grees, and  the  space  traversed  was  about  twenty  degrees,  accord- 
ing to  the  opinion  of  a  citv  paper." 

The  time  here  given,  fifteen  minutes  poet  9  o'clock,  is  ceitainly 
en-oneous,  as  the  meteor  was  seen  before  9  both  in  Muncie  and 
Bloomington.  The  altitude  is  probably  that  at  which  the  body 
disappeared.  According  to  the  Muncie  Times  of  June  13,  the 
meteor  as  seen  in  Delaware  County  was  in  the  north,  moving 
from  west  to  east,  nearly  parallel  to  the  horizon,  at  an  elevation 
of  about  40^  Mr.  F.  M.  tarker,  a  graduate  of  Indiana  University, 
observed  it  carefully  at  Bloomington,  Monroe  County.  When 
first  seen  it  was  about  15°  east  of  north  at  an  altitude  of  17**  or 
18° ;  its  apparent  magnitude  was  one-fourth  that  of  the  moon ;  its 
motion  eastward ;  the  length  of  its  visible  track,  about  20° ;  and 
it  disappeared  at  an  elevation  of  12°  or  13°.  With  the  exception 
of  the  Bloomington  observations  the  data  are  very  uncertain. 
They  justify  the  conclusion,  however,  that  the  meteor's  motion 
was  direct,  and  that  its  height  above  the  earth's  surface  at  the 
moment  of  its  disappearance  was  more  than  thirty  miles  and  less 
than  forty. 

Bloomington,  Indiana,  July  2. 

2.  Micrometric  measvremejit  of  Double  Stars. — A  memoir  on 
this  subject,  extending  to  266  pages,  by  N.  C.  Dun6r,  is  contained 
in  the  Acta  Universitatis  Lunaensis,  touL  xii,  )  875-76. 

8.  We  are  glad  to  learn  that  Mr.  Bumham  has  been  granted 
again  the  use  of  the  large  telescope  in  the  Chicago  Observatory. 

4.  Handbook  of  Descriptive  Astronomy;  by  George  F. 
Chambers.  8d  edition.  Clarendon  Press  Series.  Macmillan  & 
Co.  Ix>ndon :  1877.  8vo,  960  pp. — The  first  edition  of  this  ex- 
cellent work  was  published  about  ten  years  ago  and  is  probably 
known  to  most  amateur  astronomers.    In  that  edition  there  were 

*  Published  at  Plymouth,  Marshall  County,  near  the  northern  boundary  of  tiie 
State. 
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several  very  serious  deficieDcies.  The  present  edition  is  much 
enlarged,  and  these  deficiencies  have  been  supplied.  Some  of  the 
chapters  are,  fi-oni  the  increase  of  our  knowledge,  almost  entirely 
new.  The  net  increase  in  the  volume  id  not  less  than  200  pa^es. 
The  work  is,  as  its  title  implies,  strictly  descriptive.  The  auuior 
has  in  general  avoided  all  theoretical  discussions.  The  law  of 
universal  gravitation  and  the  nebular  hypothesis  are  alike  omitted. 
The  same  is  true  of  spherical  astronomy  and  all  methods  of  com- 
putation except  the  very  simplest.  The  volume  is  therefore  a 
handbook  of  the  known  facts  of  Astronomy,  stated  with  the  least 
possible  amount  of  mathematics.  It  is  not  designed  or  fitted  to 
be  a  textbook,  but  it  is  not  unsuited  to  general  reading,  and  the 
amount  of  information  crowded  into  its  pages  makes  it  extremely 
convenient  for  reference  by  the  teacher  and  almost  indispensable 
to  the  amateur  observer. 

V.  Miscellaneous  Scientific  Intelligence. 

I.  Abstract  of  a  pamphlet  efititled  Reflections  sur  les  Chron- 
ometres,  par  J.  A.  Rouyaux,  Enseigne  de  Vaisseau.  Translated 
by  Lieut.-Com.  C.  H.  Davis,  U.  S.  N.* 

Part  1 — Contains  an  expose  of  numerous  inconveniences  in  the 
direct  application  of  formulae  to  chronometers  at  sea,  and  a  resume 
of  the  advantages  to  be  derived  from  an  application  of  the  formulae 
to  the  differences  of  rates  observed  daily  at  sea. 

Part  II — Contains  a  demonstration  of  some  properties  of  lines 
of  equal  rates  and  temperatures  (lignes  isothermes  et  lignes 
isoraarches). 

As  a  necessary  corollary  follows  an  examination  of  the  results 
furnished,  during  a  cruise  of  thirty  months,  by  the  chronometers 
of  the  Decr^s.  This  examination,  which  in  general  confirms  the 
views  of  Yvon  Villarceau,  reveals  a  nearly  new  fact :  the  influence 
which  the  action  of  the  screw  propellor  may  have  on  chronometer 
rates.  A  final  note  contains  the  analytical  demonstrations  involved 
in  the  work. 

Part  I. — The  object  of  all  researches  on  chronometer  rates  is  a 
double  one.  1.  By  a  comparison  of  dates  and  temperatures,  with 
corresponding  rates,  to  find  a  law  which  governs  these  variables. 
2.  This  law  found,  to  apply  it  in  such  a  way  as  to  determine  the 
rate  for  a  given  date  and  temperature.  The  common  method  of 
l)roceeding  is,  by  means  of  careful  observations,  to  determine 
rates  as  often  as  possible,  the  temperatures  being  observed  at  the 
same  time.  When  a  sufficient  number  of  observations  has  been 
accumulated,  to  form  a  number  of  equations  of  condition,  and 
from  them  determine  the  values  of  the  coefficients  in  the  formula 
chosen  as  best  applicable  to  the  case  in  point     Another  method 

*  This  abstract  of  one  of  the  latest  contributions  to  au  important  subject  is 
given  with  a  view  to  make  public  a  research  which  would  perhaps  have  little 
currency  in  this  country,  and  without  committing  the  translator  to  the  views 
therein  expressed,  from  some  of  which  his  own  investigations  have  led  him  to 
differ. 
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is  to  record  the  rates  observed,  with  corresponding  temperatures, 
in  the  graphic  form  of  curves. 

The  inconveniences  of  these  two  methods  as  applied  to  chro- 
nometers on  board  ship  are : 

(1.)  The  length  of  time  necessarily  involved  in  the  preliminary 
investi^tion :  for  in  order  to  have  a  sufficient  number  of  equations 
of  condition  there  must  be  great  differences  in  the  observed  tempera- 
tures, and  these  differences  will  only  appear  with  change  of  seasons. 

(2.)  There  must  frequently  occur,  on  board  a  cruising  ship,  inter- 
ruptions of  the  regular  observations. 

(3.)  In  consequence  of  these  interruptions  the  observations  may 
be  badly  distributed  on  the  scale  of  temperatures. 

(4.)  Skill  is  necessary  in  the  observer. 

(6.)  The  observations  so  laboriously  collected  and  studied  repre- 
sent only  the  Harbor  rcUes^  whereas  the  practical  navigator  is 
directly  concerned  with  the  Sea  rateSy  and  it  is  well  known  that 
these  two  sometimes  differ  widely. 

The  navigator  on  considering  these  many  and  important  incon- 
veniences will  be  led  justly  to  conclude  that  so  much  labor  is 
practically  useless,  and  will  trust  as  implicitly  to  the  regularity 
of  his  chronometers,  as  to  the  demonstrations  of  a  formula  based 
on  such  uncertain  conditions. 

It  is  proposed,  therefore,  to  apply  the  formula,  not  to  the  rates 
themselves,  but  to  their  differences,  or  what  is  the  same  thing  to 
the  second  differences  of  daily  comparisons.  These  differences, 
when  three  chronometers  are  used,  may  be  obtained  daily,  without 
regard  to  the  actual  value  of  the  rates,  both  at  sea  and  m  port. 

The  length  of  time  may  be  diminished,  as  observations  are  fur- 
nished every  day;  the  interruptions  in  ^e  observations  will  not 
occur ;  the  observations  will  be  better  distributed  on  the  scale  of 
temperatures;  talent  of  observation  will  not  be  necessary;  two 
chronometers  will  be  followed  at  once ;  and  finally  the  perturba- 
tions of  sea  rates  appear  directly. 

There  is  one  decided  inconvenience  in  this  method,  the  impor- 
tance of  which  it  is  impossible  to  deny,  viz:  that  the  result 
practically  useful  to  the  navigator  is  the  variation  of  the  rate 
itself y  which  must  still  be  sought  by  the  ordinary  methods,  because 
this  method  only  furnishes  the  variation  in  difference  of  rate. 
The  ordinary  methods  may  however  be  facilitated  by  a  study  of 
the  difference  of  rates,  and  are  of  themselves  insufficient  to  control 
the  regularity  of  sea  rates  or  the  validity  of  the  proposed  formulro. 

Since  the  rute  of  a  chronometer  may  be  regarded  as  a  function 
of  the  two  variables,  time  and  temperature,  it  may  be  expressed 
by  the  development  of  a  series  ^Taylor's  theorem),  and  Mr.  Yvon 
Villarceau  was  the  first  to  apply  this  solution  to  the  problem. 
His  formula  is  the  general  one  for  all  chronometers.  It  is  shown 
that  the  formula  may  be  applied  to  express  the  difference  of  rate 
of  two  chronometers,  exposed  to  the  same  temperature,  at  the 
same  times. 

Part  IL — Several  properties  of  chronometer-rates  are  implicitly 
contained  in  the  formula  of  Tvon  Villarceau.     The  importance  of 
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these  properties  is  that  they  are  necessary  and  sufficierU  conse- 
quences of  the  formala,  and  are  consequently  verified  or  not 
verified  at  the  same  time  as  the  formula,  and  are  capable  of 
replacing  it  either  as  proof  of  an  admitted  law,  or  as  a  control  on 
the  regularity  of  rates.  Their  practical  utility  consists  in  the 
fact  that  their  graphic  construction  is  much  easier  than  that  of 
the  formula. 

Without  entering  into  their  mathematical  demonstration  these 
properties  may  be  briefly  stated  as  follows : 

(1.)  All  the  rates  corresponding  to  the  same  temperature  are  dis- 
tributed on  a  parabola  having  its  axis  parallel  to  the  axis  of  rates. 

(2.)  The  points  corresponding  to  the  same  value  of  rate  are  all 
situated  on  a  conic,  and  all  the  conies  obtained  for  different 
values  of  rate  have  the  same  center  and  are  similar. 

[It  must  be  borne  in  mind  that  the  points  corresponding  to 
equal  temperatures  are  points  on  the  curve  of  rates,  and  the  points 
corresponding  to  eaual  rates  are  points  on  the  curve  of  tempera- 
tures.— Translator.] 

By  giving  to  the  curves  of  temperatures  and  rates  the  same 
axis  of  time  these  properties  will  appear  in  a  graphic  construction 
of  the  curves. 

A  study  of  the  chronometers  of  the  Decr^  is  given  to  show  the 
influence  of  vibrations  caused  by  the  screw  of  a  steam  vessel  on 
the  rates  of  chronometers  on  board. 

A  practical  way  of  correcting  rates  at  sea,  by  the  application  of 
the  formula  to  their  differences,  is  as  follows : 

Suppose  that  the  normal  values  of  the  rates  a,  ^,  c, .  .  .  and 
their  aifferences  6— a,  c— a, . . .  have  been  determined,  for  a  given 
time  and  temperature  [by  any  adopted  formula]. 

If  time  and  temperature  alone  affected  the  rates  these  deter- 
minations might  be  adopted  as  the  correct  sea  rate.  Compare 
the  differences  thus  deduced  with  the  second  differences  in  the 
daily  comparisons  actually  observed  for  the  corresponding  date. 
To  deduce  variations  in  the  rates  themselves  we  may  reason  as 
follows : 

(1.)  If  none  of  the  differences  6— a,  c^a^ . . .  have  varied  it  may 
be  admitted  that  the  rate  it«elf  has  not  varied.  Because,  if  the 
rate  has  varied  it  is  almost  impossible  that  the  perturbations  dEa, 
dbydCy...  should  all  be  equal  and  of  the  same  value. 

(2.)  If  one  or  several  of  the  differences  have  not  varied  it  may 
be  admitted  that  the  rates  on  which  they  depend  have  not  varied. 
For  in  order  that  a  difference  5— a  should  remain  constant, 
while  b  and  a  both  change,  it  is  necessary  that  da=idby  which  is 
improbable. 

(3.)  If  all  the  differences  have  varied  there  is  no  longer  any  prob- 
able rule  to  govern  the  corrections.  In  this  case  the  change  is 
probably  due  to  the  action  of  the  screw,  and  if  the  effect  of  this 
action  is  once  determined,  it  may  be  the  same  in  a  second  case. 

B.  6.  U. 

2.  Earthquake  wave  of  May  9th  and  lOtK — ^This  wave,  some 
account  of  which  is  given  on  page  77,  reached  New  South  Wales 
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(according  to  a  report  from  the  Pacific  Steamer,  Aastralia)  on  the 
morning  of  the  11th  of  May  (Australian  time).  At  5^  20^  a.  m. 
the  tide  guage  at  Fort  Denison  recorded  the  first  of  the  series  of 
waves.  The  oscillations  continued  through  the  day  and  reached 
their  maximum  at  2  p.  m.  the  height  then  being  three  feet  sir 
inches.  Telegrams  from  New  Zealand  report  that  similar  waves 
were  felt  on  the  east  coast,  from  the  Bay  of  Islands  to  the  bluff, 
commencing  at  5  o'clock  a.  m.    The  maximum  height  was  six  feet. 

8.  Tides  of  the  Arctic  Seas, — ^These  tides  are  mathematically 
discussed  by  Prof.  S.  Han^hton  in  papers  published  in  the  Pro- 
ceedings of  the  Royal  Societv,  the  last  of  which  (Part  vii)  was 
read  on  the  1 7th  of  February  last. 

4.  Massachusetts  Institute  of  Technology^  Boston. — In  connec- 
tion with  this  excellent  institution,  laboratories  for  the  instruction 
exclusively  of  women  were  open  for  occupancy  on  the  28d  of 
October  last,  and  have  been  in  successful  operation  through  the 
winter  and  spring.  The  design  is  to  afford  &cilities  for  the  ad- 
vanced study  of  Chemical  Analysis,  Mineralogy  and  Chemistry  as 
related  to  Vegetable  and  Animal  Physiology  and  to  the  Industrial 
Arts.  The  laboratories  are  excellent  in  arrangement  and  are 
furnished  with  all  needed  apparatus.  The  laboratory  is  under  the 
charge  and  instruction  of  I^rofessor  John  M.  Ordway  and  Mrs. 
Robert  H.  Richards.  The  terms  are  $200  a  year  for  a  full  term 
of  eight  months,  six  days  per  week.  Students  are  also  taken  for 
one  or  two  days  per  week. 

6.  Transfer  of  the  Shepard  Collections  to  Amherst  College. — 
The  scientific  resources  of  Amherst  College  have  recently  been 
greatly  increased  by  the  acquisition  of  the  larse  collections  of 
minerals,  meteorites,  fossils,  plants,  etc.,  of  Pro£  C.  U.  Shepard. 
These  collections  have  been  for  more  than  twenty-five  years  de- 
posited in  the  Amherst  College  Museum ;  and  while  there  they 
nave  been  ever  increasing  in  extent  through  the  zeal  and  liberal 
outlay  of  Professor  Shepard,  until  finally  they  had  reached  a  value, 
according  to  his  estimate,  of  full  seventy  thousand  dollars,  exclud- 
ing the  collections  in  zoology,  botany  and  archaeology.  From 
ffood  will  to  the  Institution,  with  which  Professor  Shepard  has 
lone  been  connected,  the  whole  are  now  transferred  to  the  college 
for  little  more  than  half  this  sum.  The  collection  of  meteorites 
ranks  fourth  in  the  world,  and  no  institution  in  this  country  pos- 
sesses a  superior  collection  of  minerals. 

6.  Imperial  Academy  of  Sciences  of  St.  Petersburg. — This 
Academy  has  published  Part  L  of  a  detailed  index  volume  to  its 
publications,  covering  490  8vo  pages  and  including  the  articles 
m  foreign  languages. 

7.  Nationcd  Academ/f/  of  Sciences. -^The  Academy  has  recently 
published  vol  I,  of  Biographical  Memoirs,  844  pp.  8vo,  contain- 
ing memoirs  of  J.  S.  Hubbard,  J.  G.  Totten,  B.  Silliman,  E. 
Hitchcock,  J.  M.  Gilliss,  A.  D.  Bache,  J.  H.  Alexander,  W.  Chau- 
venet,  J.  F.  Frazer,  J.  H.  Coffin,  J.  Torrey,  W.  S.  Sullivant,  J. 
Saxton,  H.  J.  Clark  and  J.  Winlock.  Also  volume  I,  of  Proceed- 
ings of  the  Academy.     120  pp.  Svo. 
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8.  Bulletin  of  the  Buaaey  Institution^  Vol.  ii,  Part  2.  80  pp. 
8vo.  Boston,  187V. — This  number  contains  the  followinff  papers 
by  F.  H.  Storer:  (1)  on  the  composition  of  certain  Pumpkins  and 
Squashes;  (2)  record  of  results  obtained  on  analyzing  seeds  of 
Broom  Com ;  (3)  record  of  anal^es  of  several  weeds  that  are 
occasionally  used  as  food;  Chemical  composition  of  Blue  Joint 
gra^s  ( Calamagrostia  Canadensis)  as  contrasted  with  that  of  Reed 
Canary  grass  {FhcUaris  arundindcea)  \  (4)  remarks  on  American 
Fodder  rations  with  hints  for  the  improvement  of  some  of  them ; 
(6)  results  obtained  on  growing  Buck-wheat  in  equal  weights  of 
Pit-sand  and  of  Coal-ashes ;  and  the  following  by  W.  G.  Farlow  : 
Notes  on  some  Common  diseases  caused  by  Fungi. 

9.  Dynamics^  or  Theoretical  Mechanics;  bv  J.  T.  Bottomlet, 
M.A.,  F.R.S.E.,  F.C.S.  142  pp.,  small  8vo/  New  York,  1877. 
(G.  P.  Putnam  &  Sons. — ^This  little  work  forms  one  of  the  vol- 
umes in  "  Putnam's  Elementary  Series."  The  fundamental  prin- 
ciples of  mechanics  are  presented  with  clearness  and  precision, 
without  the  introduction  of  difficult  mathematics,  and  it  is  thus 
an  excellent  book  for  the  class  of  students  for  whom  it  was  pre- 
pared. 

Eighth  Annual  Report  of  the  State  Board  of  Health  of  Massachuaetts,  January, 
1877.  498  pp.  Svo,  with  seyeral  maps.  A  Report  of  high  scientific  value.  The 
chief  topics  are :  Pollution  of  streams ;  sewerage ;  sanitaiy  condition  of  Lynn ; 
registration  of  deaths  and  diseases ;  growth  of  children ;  disease  of  tibe  mind  (by 
Dr.  C.  F.  Folsom);  health  of  towns. 

Science  Lectures  at  South  Kensington.  The  Steam  Engine,  by  F.  J.  BramwelL 
62  pp.  12mo,  with  illustrations.    London  and  New  York,  1877.    (Macmiilan  &  €k>.) 

OBITUABT. 

Sanbobn  Tennby. — Sanborn  Tenney,  Professor  of  Geology  and 
Natural  History  in  Williams  College,  Williamstown,  Mass.,  died 
suddenly,  on  the  eleventh  of  July,  at  Buchanan,  Michigan,  while 
on  his  way  to  Chicago,  the  point  of  rendezvous  of  a  Williams 
College  exploraing  party  to  the  Rocky  Mountains,  of  which  he 
was  the  projector  and  leader.  Professor  Tenney  was  the  author 
of  valuable  text-books  on  zoology  and  geology. 

Db.  Stephen  Reep. — Dr.  Reed  died  on  the  twelfth  of  July  at 
Pittstield,  Mass.,  aged  seventy-six  years.  His  name  has  been  long 
connected  with  geological  discovery  in  Western  New  England, 
and  mainly  through  his  account  of  a  long  train  of  bowlders  across 
part  of  central  Berkshire,  which  attracted  Lyell  and  other  geolo- 
gists to  the  spot  and  has  obtained  a  prominent  announcement  in 
all  writings  on  North  Americ^tn  drift. 

C.  F.  WiNSLOW,  M.D.  —  Dr.  Winslow,  formerly  of  Boston, 
died  recently  in  Utah,  aged  sixty-six  years.  He  is  the  author  of 
a  work  entitled  "Cosmography,  or  Jrhilosophieal  views  of  the 
Universe,''published  at  Boston  m  1858,  also  mer  of  one  on  *'  Na- 
ture and  Force ;"  and,  besides,  of  short  papers  on  some  Earth- 
quakes, in  this  Journal,  and  on  the  discovenes  of  human  remains  in 
California,  and  some  other  subjects. 
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Abt.  XXII. — Oa  a  new  Process  for  the  Electrical  Deposition 
of  Metals,  and  for  constructing  Metal-covered  Glass  Specula  ; 
by  Professor  Arthur  W.  Wright,  Yale  College. 

In  a  paper  by  the  writer,  published  in  this  Journal,  Janu- 
ary, 1877,  an  account  was  given  of  a  method  of  producing  me- 
tallic films  upon  the  inner  surface  of  exhausted  glass  tubes,  by 
the  action  of  a  succession  of  energetic  electrical  discharges. 
The  thickness  of  these  films  could  be  varied,  from  a  tenuity 
such  that  the  coating  barely  gave  indications  of  a  metallic  lus- 
ter, and  scarcely  dimmed  the  intensity  of  transmitted  light,  to 
the  point  where  perfect  opacity  was  attained,  by  simply  con- 
tinuing the  action  of  the  current  for  a  shorter  or  longer  time. 
They  were  produced  by  forming  the  negative  electrode  of  the 
metal  to  be  deposited,  exhausting  the  tube,  and  passing 
through  it  the  current  from  an  induction  coil.  The  metallic 
coatings  thus  obtained,  as  seen  from  the  exterior,  were  very 
brilliant,  but  the  condition  of  the  inner  surface  was  not  readily 
.  observed,  and  the  nature  of  the  process  made  it  seem  proba- 
ble that  they  possessed  a  dull  or  even  a  frosted  surface.  With 
a  view  to  obtam  the  films  in  a  form  better  suited  for  examina- 
tion, a  modification  of  the  apparatus  was  contrived,  by  which 
they  could  be  deposited  upon  pieces  of  plane  glass.  At  first 
this  object  was  attained  by  inserting  narrow  slips  of  glass  into 
the  tube  by  the  side  of  the  electrode,  in  the  manner  suggested 
in  my  former  paper,  and  very  good  results  were  gained.  But, 
as  the  nearer  oortion  of  the  plate  received  a  lai^er  share  of 
the  metal,  the  thickness  of  the  deposit  was  not  unuorm,  and  it 
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was  found  necessary  to  construct  a  special  apparatus,  in  which 
the  relative  positions  of  the  plate  and  the  eiectrode  could  be 
varied,  so  as  to  give  the  latter  an  equal  action  upon  all  parts 
of  the  surface  to  be  covered.  The  plan  employed  was  as 
described  in  the  following  paragraphs. 

A  rather  thick- walled  glass  ^obe  about  seven  centimeters  in 
diameter,  blown  upon  the  end  of  a  tube  twenty-five  centime- 
ters lon^  and  fifteen  millimeters  in  diameter,  was  used  to  form 
the  receiver.  The  top  of  the  globe  opposite  the  tube  was  cut 
oflF,  so  as  to  form  an  opening  forty  millimeters  in  diameter,  and 
the  edge  ground  fiat,  in  a  plane  perpendicular  to  the  axis  of  the 
tuba     The  end  of  the  latter  was  drawn  somewhat  smaller  in  a 

fjas-fiame,  and  a  glass  stop-cock  attached  to  it  with  cement.  A 
ittle  way  above  this,  a  platinum  vrire  was  fused  into  the  glass 
to  serve  as  the  positive  electrode.  The  cover  of  the  vessel  was 
made  by  cutting  from  a  similar  globe  a  portion  corresponding 
in  size  to  the  part  removed,  but  with  the  neck  attacned,  the 
two  pieces  being  carefully  ground  so  as  to  fit  closely.  When 
they  were  placed  together,  a  little  cement  applied  to  the  out- 
side along  the  line  of  juncture  rendered  the  joint  perfectly  air- 
tight Tne  tube  or  neck  of  the  cover  was  five  centimeters 
long,  and  was  also  somewhat  reduced  at  the  extremity  by 
drawing  it  smaller.  Into  this  was  cemented  a  small  and  thick- 
walled  tube  extending  to  a  point  near  the  center  of  the  globe. 
A  platinum  wire  was  placed  in  this  tube,  and  was  fused  in  at 
the  top,  enough  being  left  projecting  to  form  a  small  loop  for 
the  attachment  of  the  wire  from  the  coil.  The  inner  end  of 
the  wire  terminated  at  about  one  centimeter  from  the  lower  end 
of  the  glass  tube.  Into  the  latter  was  slipped  a  wire  of  the 
metal  to  be  deposited,  which,  in  all  cases,  was  the  negative 
electrode,-— the  part  within  the  tube  being  lone  enough  to 
make  good  contact  with  the  platinum  wire,  and  being  bent 
somewhat  so  as  to  cause  it  to  retain  its  place  by  friction.  In 
some  of  the  experiments  a  diflerent  cover  was  used,  made 
from  a  glass  funnel,  the  neck  of  which  was  left  somewhat 
longer  to  affbrd  more  room  for  the  swinging  electrode,  as 
described  below,  and  the  tube  carrying  the  latter  was  fitted 
into  the  top  by  grinding  so  as  to  make  an  air-tight  joint 

For  the  support  of  th^  plate,  a  small  watch-glass,  about 
three  centimeters  in  diameter,  was  employed,  to  one  edge  of 
which  a  thread  of  glass  was  fused  by  a  blow-pipe  flame,  and 
then  bent  so  as  to  form  a  loop  by  which  it  coula  be  suspended 
like  the  pan  of  a  balance.  A  small  hook  of  glass  was  also 
attached  to  the  side  of  the  thick  tube  carrving  the  electrode, 
and  upon  this  the  pan  was  hung,  the  loop  being  so  formed  as 
to  allow  it  to  swing  freely,  in  all  directions.  The  pan,  when  in 
place,  was  about  fifteen  millimeters  below  the  end  of  the  tube 
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from  which  the  electrode  projected,  the  latter  being  adjusted  to 
the  proper  distance  by  sliding  it  up  or  down  in  its  support  as 
occasion  required.  By  slightly  inclining  the  globe  the  extremity 
of  the  wire  could  thus  be  readily  brought  over  any  point  of 
the  plate.  In  some  of  the  experimients  the  plate  was  station- 
ary, being  held  in  a  little  tripod  of  glass  threads,  or  simply  laid 
upon  the  bottom  of  the  ^lobe.  In  these  cases  the  tube  hold- 
ing the  electrode  was  jomted  near  the  top,  the  two  portions 
being  connected  by  a  hook  and  loop  of  platinum  or  magne- 
sium wira  It  could  thus  be  made  to  traverse  all  parts  of  the 
plate  by  giving  suitable  movements  to  the  globe. 

When  adjusted  and  closed  the  receiver  was  attached  to  the 
Sprengel  pump.  By  means  of  a  small  air-pump  of  the  ordi- 
nary construction,  connected  with  this  by  a  stop-cock  and  flex- 
ible tube,  the  whole  apparatus  was  exhausted  as  far  as  possible 
and  then  dry  hydrogen  admitted,  this  being  repeated  two  or 
three  times  in  order  to  remove  the  air  and  moisture  The  pro- 
cess of  exhaustion  was  then  completed  with  the  mercury  pump. 
The  degree  of  rarefaction  required  varied  somewhat  with  the 
metal  to  be  deposited,  but  was  rarely  above  2*5  millimeters. 
For  platinum  the  best  results  were  obtained,  when  it  was  from 
1*5  to  1*75  millimetersL  The  use  of  hydrogen  is  not  in  all  cases 
necessary,  as  some  of  the  metals  can  be  deposited  perfectly 
well  with  only  air  in  the  receiver.  This  is  especially  the  case 
with  gold,  but  platinum,  although  ordinarilv  not  easily  com- 
bined with  oxvgen,  becomes  tarnished  wit^  a  film  of  what 
apparently  is  the  blue  oxide,  unless  the  air  is  removed.  The 
electrode  itself  was  formed  of  a  small  wire,  usually  not  more 
than  one-fourth  of  a  millimeter  in  thickness,  bent  at  the  end 
into  a  circle  three  or  four  millimeters  in  diameter,  the  plane 
of  which  was  perpendicular  to  the  straight  portion  of  the  wire 
entering  the  glass  tube,  and  parallel  with  the  surface  of  the 
glass  plate  situated  beneath  it.  Its  distance  from  the  latter 
was  generally  about  three  millimeters,  though  considerable 
variations  were  possible.  When  it  is  farther  away  the  process 
of  deposition  goes  on  much  more  slowly,  though  the  results  are 
in  most  cases  quite  as  good  as  when  it  is  nearer.  After  the 
process  of  exhaustion  was  completed,  the  stopcock  was  closed, 
and  the  apparatus  removed  from  the  pump,  for  greater  con- 
venience of  manipulation  in  applying  the  current 

The  electrical  apparatus  employed  consisted  of  an  induction- 
coil  capable  of  giving  sparks  four  or  five  centimeters  in  length, 
and  a  battery,  the  power  of  which  could  be  varied  according 
to  circumstances.  It  consisted  usually  of  pint  Grove  cells,  from 
three  to  six  in  number,  not  completely  nlled,  or  charged  with 
rather  weak  acid,  and  a  plunge- battery  of  five  cells,  of  which  one, 
two,  or  more  were  usea,  as  occasion  required,  the  whole  being 
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joined  in  a  continuous  circuit  By  immersing  the  plates  of  the 
plunge  battery  more  or  less,  as  well  as  by  varying  the  namb» 
in  the  circuit,  the  strength  of  the  current  could  readily  be 
changed  within  the  limits  desired.  The  various  metals  required 
currents  of  different  stren^h,  and  the  power  best  suited  to 
each  had  to  be  determined  by  trial  It  was  found  advisable  in 
most  cases  to  regulate  it  so  that  the  temperature  of  the  electrode 
was  below  that  of  a  red  heat,  or  such  as  barely  to  redden  it 
Of  course  with  the  more  fusible  metals  it  was  necessarily  much 
lower  than  this.  The  metal  is  actually  volatilized  \>j  the  dis- 
charge, as  is  shown  by  the  &ct  that  the  characteristic  lines  of 
its  spectrum  may  be  seen  with  a  spectroscope,  and  the  film  is 
formed  by  the  condensation  of  its  vapor  upon  the  cooler  glass 
surface.  For  the  production  of  films  with  brilliant  surfieu^es, 
the  strength  of  the  current  must  not  be  ^reat  enough  to  give 
the  discharge  a  disruptive  character,  as  this  separates  some  of 
the  metal  in  the  form  of  powder. 

The  primary  object  of  the  experiments  was  to  obtain  films 
of  the  different  metals  upon  thm  pieces  of  flat  glass  for  the 
purpose  of  investigating  some  of  their  optical  charactena.  The 
apparatus  proved  to  be  perfectly  successful  in  its  operation, 
and  beautitul  films  of  gold,  silver,  platinum,  and  bismuth,  were 
obtained  with  ease  and  certainty.  As  has  been  mentioned^  it 
seemed  probable  that  the  surface  of  deposit  would  be  dull,  but 
the  first  trial  showed  that  this  anticipation  was  incorrect,  and 
the  films  when  removed  from  the  receiver  exhibited  sur&ces  of 
exquisite  perfection  and  the  most  brilliant  polish.  They  can 
only  be  compared  to  the  surfece  of  clean  liquid  mercury,  far 
surpassing  in  luster  anything  that  can  be  obtained  by  the  ordi- 
nary methods  of  polishing. 

This  circumstance  suggested  at  once  a  valuable  application 
of  the  process  in  the  production  of  specula  for  optical  purposes, 
and  the  subsequent  investigations  were  directed  to  this  end. 
The  mirrors  first  made  had  been  formed  upon  disks  of  thin 
glass,  such  as  are  commonly  used  as  covers  for  inicroscopical 
objects,  those  being  selected  which  were  most  free  from  de- 
fects, and  had  the  best  surfaces.  By  means  of  a  very  delicate 
assay  balance,  the  weight  of  the  glass  disks,  both  before  and 
after  receiving  the  deposit,  could  be  obtained  to  the  one  hun- 
dredth part  of  a  milligram,  and  hence  it  was  easy  to  calculate 
the  thickness  of  the  metallic  layer  in  anv  instance.  By  this 
means  the  relative  transparency  of  the  different  m^»ls  can  be 
determined,  and  the  relation  between  the  amount  of  light  trans- 
mitted and  the  thickness  of  metal  traversed  by  it  The  more 
particular  consideration  of  these  and  some  other  matters  of 
interest  as  bearing  upon  the  optical  characteristics  of  the  met- 
als is  deferred  to  another  time,  and  it  is  only  necessary  to  men- 
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tion  here  the  results  of  some  measurements  which  were  made 
in  order  to  determine  the  limiting  thickness  of  a  film  in  regard 
to  the  transmission  of  light,  that  is,  the  thickness  of  a  film 
which  would  allow  only  an  inconsiderable  proportion  of  the 
incident  rays  to  pass  through.  As  the  metallic  luster  is  devel- 
oped gradually  with  the  increasing  amount  of  metal,  showing 
conclusively  that  light  actually  penetrates  these  substances  to 
a  certain  depth,  it  was  important  to  ascertain:  whether  the 
thickness  .of  the  layer,  sufficient  for  a  virtually  complete  reflec- 
tion of  light,  would  be  great  enough  to  affect  perceptibly  the 
figure  of  a  mirror  of  glass  upon  which  it  was  laia  down. 

Experiments  for  this  purpose  were  made  with  gold  and 
platinum,  and  the  process  of  deposition  was  continued  until 
the  films  appeared  to  have  just  reached  the  condition  of  com- 
plete opacity.  On  removing  them  from  the  receiver,  however, 
it  was  found  in  both  cases  that  a  very  small  amount  of  light 
was  still  transmitted,  as,  on  holding  them  close  to  the  eye.  a 
brilliant  object,  like  the  sun  or  a  bright  flame,  could  be  seen 
through  them.  The  thickness  of  the  gold  layer  was  found  to 
be  0-000188  mm.,  that  of  the  platinum  0*000174  mm.,  or 
approximately  one-fourth  the  length  of  a  wave  of  light  at  the 
rea  end  of  the  spectrum.  The  gold,  although  thicker  than  the 
platinum,  transmits  perceptibly  more  light,  showing  that  it  is 
the  more  transparent  of  the  two  metals.  As  the  films  employed 
for  mirrors  may  be  much  thinner  than  the  amount  mentioned 
without  an  appreciable  diminution  of  the  intensity  of  reflected 
light,  it  is  evident  that  the  figure  of  a  perfectly  wrought  glass 
mirror  will  not  be  changed,  when  the  metal  is  uniformly  de- 
posited, to  such  an  extent  as  to  affect  its  performance  unfavor- 
ably. A  platinum  film  of  one-fifth  the  thickness  of  the  one 
described  forms  a  brilliant  mirror,  transmitting  but  a  very 
small  percentage  of  light  The  perfect  control  of  the  process 
obtained  by  the  use  of  the  movable  electrode  will  even  make  it 
possible  to  apply  the  method  of  local  correction  for  the  im- 
provement ot  a  defective  figure,  or  to  parabolize  a  spherical 
mirror  by  depositing  the  metal  in  a  layer  increasing  in  thick- 
ness toward  tne  center,  though,  of  course,  it  would  be  better  to 
avoid  a  somewhat  tedious  operation  by  securing  the  perfect 
form  of  the  glass  beforehand. 

Of  the- metals  that  are  suitable  for  the  formation  of  specula, 
platinum  appears  to  be  the  most  valuable.  For  while,  when 
well  polished,  it  is  but  little  inferior  to  silver  in  reflecting 
power  and  freedom  from  color,  it  does  not  become  tarnished  by 
oxidation  or  the  action  of  sulphurous  gases,  and  when,  dulled 
by  atmospheric  deposits  the  surface  can  be  cleaned  by  washing 
with  water  or  with  acids,  which  is  an  important  advantage. 
By  the  method  here  described  it  can  be  deposited  upon  glass 


Digitized  by  VjOOQ  IC 


174         A.  W.  Wright— Electrical  Deposition  o/Metah. 

surfaces  very  easily,  and  a  mirror  of  the  most  perfect  sur&ce 
produced  at  once,  without  the.  necessity  of  a  single  touch  to 
complete  it.  Several  such  mirrors  have  been  made  in  the 
course  of  these  experiments,  by  the  use  of  concave  glass  lenses, 
with  the  most  satisfactory  results.  The  metal  film  adheres 
strongly  to  the  glass,  and  when  of  sufficient  thickness  aopears 
to  be  very  firm  and  hard.  In  mirrors  silvered  by  the  ordinary 
method,  trouble  is  ofl»n  experienced  from  the  insinuation  of 
moisture  between  the  glass  and  the  metal,  resulting  finally  in  the 
separation  of  the  latter.  In  those  prepared  by  the  new  proofs 
the  adherence  of  the  film  is  so  close  as  to  render  such  an  effect 
impossible.  As  a  test  of  this,  a  small  silvered  speculum  was 
placed  in  a  beaker  of  water  where  it  remained  for  two  weeks, 
and  besides  this  was  wetted  and  dried  repeatedly,  without 
showing  the  slightest  tendency  to  suffer  the  penetration  of  the 
moisture.  Similar  results  were  also  obtained  with  platinum 
and  gold  filma 

With  silver  the  process  likewise  succeeds  well,  but  it  is  more 
difficulc  to  obtain  good  surfaces  than  with  gold  or  platinum. 
The  metal  is  volatilized  with  extreme  ease  by  the  action  of  the 
current,  and  the  energy  of  the  discharges  must  not  be  too 
^eat  Of  several  trials  made  with  this  metal  the  most  success- 
nil  was  one  in  which  not  only  the  degree  of  exhaustion  of  the 
receiver  was  less  than  had  been  employed  in  other  cases,  being 
only  to  three  millimeters,  but  the  electrode  was  more  distant 
from  the  plate,  and  the  battery  weaker.  The  action  proceeded 
slowly  in  this  instance,  but  with  the  result  of  producing  an 
excellent  film.  With  a  stronger  current  the  deposit  is  rapidly- 
made,  and  has  a  fine  luster,  but  the  surface  has  a  yellowish 
color.  This  is  perhaps  partially  due  to  a  slight  degree  of  oxi- 
dation, but  also  appears  to  be  owing  in  part  to  the  deposition 
of  a  portion  of  the  metal  in  the  form  of  fine  powder,  the  vapor 
of  the  silver  as  it  streams  from  the  electrode  toward  the  more 
distant  portions  of  the  plate  becoming  partiallv  condensed,  and 
falling  on  it  in  minute  particles.  That  such  a  result  would 
follow  from  this  cause  was  shown  by  some  of  the  experiments 
in  which  a  rather  strong  battery  was  employed.  The  whole 
interior  surface  of  the  globe  was  in  a  short  time  covered  with 
the  powdered  metal,  appearing  an  intense  purple  where  thin- 
nest, and  shading  gradually  to  deep  blue  where  thickest,  the 
color  being  the  same  by  both  transmitted  and  reflected  light 
The  metallic  luster  was  wanting,  though  it  was  readily  devel- 
oped when  a  portion  of  the  powdery  coating,  which  was  easily 
removed,  was  rubbed  against  the  surface  of  the  glass  with  some 
pressure.  The  defect  was,  to  a  considerable  extent,  remedied 
by  surrounding  the  electrode  with  a  small  glass  tube  projecting 
some  three  millimeters  beyond  it,  so  as  to  clear  the  surface  of 


Digitized  by  LjOOQIC 


A.  W.  Wright — Electrical  Deposition  of  Metals.  175 

the  plate  by  an  interval  of  only  one  or  two  millimeter^.  This 
had  the  effect  to  cut  off  the  lateral  portion  of  the  discharge, 
and  to  confine  its  action  to  a  limited  area  imiyiediately  below 
the  extremity  of  the  wire. 

The  yellow  tarnish  is  removed  with  the  greatest  ease  by 
gently  rubbing  the  surface  with  soft  chamois  leather  and  a  little 
rouge,  and  the  metal  is  so  hard,  that,  when  this  operation  is 
performed  with  care,  the  polish  is  not  at  all,  or  but  very 
slightly,  affected.  Even  then,  however,  the  metal  is  not  per- 
fectly white,-  having  still  a  very  faint  yellow  tinga  It  is  well 
known  that  silver  is  not  a  perfectly  white  metal,  for  light  which 
has  undergone  repeated  reflections  from  polished  surfaces  of 
this  metal  appears  yellow  or  reddish-yellow,  though  this  color 
is  not  perceptible  when  the  light  has  undergone  but  a  single 
reflection.  But  the  real  cause  of  the  yellowish  tint  may  possi- 
bly be  found  in  the  very  tenuity  of  the  films,  which  when  pre- 
pared in  this  way  have  a  beautiful  and  intense  blue  color  by 
transmitted  light  When  not  too  thick,  the  amount  of  blue 
rays  which  they  suffer  to  pass,  may  be  sufficient  to  cause,  by 
their  abstraction,  a  perceptible  tinge  of  yellow,  the  complimen- 
tary color,  in  the  reflected  raya  If  this  were  reaUy  the  case, 
the  coloration  should  grow  weaker  with  an  increase  of  thick- 
ness, and  disappear  when  opacity  is  reached.  Some  of  the. 
results  obtainea  seem  to  fayor  this  view,  and  the  probability  of 
its  correctness  is  strengthened  by  the  facts  related  in  the  next 
paragraph,  but  further  experiments  are  needed  to  decide  the 
question  satisfactorily. 

One  result  of  the  investigation  has  been  to  show  that  the 
color  of  the  light  which  has  passed  through  a  layer  of  metal 
varies  somewhat  with  the  thickness  of  the  film.  This  was 
known  to  be  the  case  with  gold,  and  experiment"  has  shown  it 
to  be  true  of  platinum  and  oismuth  also.  Thus  the  latter  in  a 
very  thin  film  appears  a  clear  bluish-gray,  while  a  much  thicker 
film  appears  brownish.  Platinum  in  a  thin  laver  has  a  grayish 
tint,  which  varies,  as  the  film  is  made  thicker,  to  a  peculiar 
brownish  shade,  somewhat  like  that  of  sepia,  passing  into 
brownish  yellow,  and  finally  becoming  a  deep  yellow,  even 
inclining  somewhat  to  orange,  in  the  thickest  films  obtained. 
Now  this  color  is  almost  exactly  complimentary  to  that  trans- 
mitted by  silver,  and  the  possibility  suggested  itself  of  making 
a  mirror  which  should  be  perfectly  white  by  reflected  light,  by 
depositing  first  a  thin  stratum  of  silver  and  over  this  another  of 
platinum,  the  relative  thickness  of  the  two  being  properly  reg- 
ulated by  observing  the  color  of  the  transmitted  light  An 
experiment  made  with  a  circular  disk  of  flat  glass  was  perfectly 
successful,  the  platinum  being  readily  deposited  upon  the  sil- 
ver, the  yellowish  tint  of  which  it  entirely  removed,  producing* 
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a  white  and  brilliant  refleeting  earface.  By  transmitted  light 
the  film,  as  it  was  anticipatea  would  be  the  case,  has  a  pore 
neutral  tint,  with  no  perceptible  color  of  any  kind. 

The  value  of  such  a  combination  for  specula  is  evident,  for 
thouffh  until  careful  measurements  are  made,  it  cannot  be  as- 
serted that  the  absolute  reflecting  power  is  increased/the  white- 
ness of  the  layer,  and  the  protection  afforded  by  having  the 
surface  covered  with  an  unalterable  metal,  are  vefjr  substantial 
advantages.  In  constructing  lai^e  mirrors  it  will  probably 
also  be  found  to  result  in  a  material  saving  of  time,  tne  silver 
being  so  much  more  rapidly  and  easily  deposited  than  the  pla- 
tinum. The  process  can  also  be  used  with  great  advantage  for 
the  construction  of  solar  eye-pieces  for  tedescopes,  since  the 
compound  film  can  be  deposits  directly  upon  the  surface  of 
the  lens,  and  made  thick  enough  to  reduce  toe  intensity  of  the 
lig^t  as  much  as  may  be  desir^.  An  image,  nearly  or  quite 
colorless  could  thus  be  obtained,  and  the  disturbance  of  the 
rays  should  be  less  than  that  produced  by  the  interposition  of 
a  dark  glass  of  the  ordinary  kind. 

As  has  been  mentioned,  some  experiments  were  made  with 
bismuth,  and  a  mirror  of  excellent  surface  was  obtained,  but 
the  metal  is  inferior  to  platinum  in  brilliancy,  and  has  a  decided 
color.  The  great  facility  with  which  films  are  obtained  with 
it  might  recommend  its  use  for  mirrors  in  some  cases,  but  for 
inost  purposes  other  metals  are  to  be  preferred.  Attempts  to 
produce  mirrors  of  iron  and  nickel  were  but  partially  success- 
ful, as  it  was  difficult  to  prevent  tarnishing  by  oxidation. 
Some  good  iron  films  were  obtained,  however,  which  were  very 
brilliant.  They  were  exceedingly  hard,  and  adhered  to  the 
fflass  with  such  tenacity  that  at  first  it  seemed  as  if  they  had 
been  Aised  into  it  But  when  the  film  was  dissolved  off  by  an 
acid  the  glass  was  found  not  to  have  been  acted  upon  at  all. 
A  singuUr  characteristic  of  the  iron  in  this  condition  is  its 
chemical  inertness.  Films  prepared  more  than  six  months  ago 
and  freely  exposed  to  the  air,  which  for  a  part  of  the  time  too, 
was  excessively  charged  with  moisture,  have  not  shown  the 
least  alteration.  Nitric  acid  placed  upon  one  of  them  for  a 
short  time  produced  scarcely  any  effect,  and  nitro-hydrochloric 
acid  acted  upon  it  with  about  the  same  readiness  as  it  does 
upon  platinum.  This  may  be  due  to  the  extreme  thinness  of 
the  film,.in  consequence  of  which,  even  the  exterior  atoms  of  the 
iron,  being  within  the  range  of  the  molecular  action  of  the  glass, 
are  held  by  a  force  tending  to  oppose  and  neutralize  the  attrac- 
tion of  reagents  that  ordinarily  attack  the  metal  enei^getically. 

It  is  not  at  all  necessary  that  the  object  upon  which  the 
metal  is  deposited  should  be  of  non-conducting  material.  This 
*is  shown  by  the  fact  that  the  process  continues  to  go  on  after 
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the  glass  has  become  covered  with  a  perfectly  continuous  layer 
of  metal  of  considerable  thickness.  The  success  of  the  experi- 
ment of  covering  a  silvered  glass  with  platinum  is  additional 
evidence  of  the  same  fact.  In  order  more  fully  to  test  the 
question  whether  a  deposit  could  be  made  upon  a  solid  piece  of 
metal,  a  small  silver  coin  was  placed  in  the  pan  under  an  elec- 
trode of  gold.  It  was  covered  in  a  few  minutes  with  a  beau- 
tiful coating  of  the  latter  metal,  which  was  found  to  be  very 
hard  and  to  adhere  perfectly,  having  also,  in  every  respect,  its 
proper  color  and  luster.  At  the  beginning  of  the  process, 
while  still  thin  enough  to  allow  light  reflect^  from  the  silver 
to  pass,  it  had  a  greenish  color,  producing  a  curious  effect 

As  an  example  of  the  applicability  of  the  process  to  practi- 
cal purposes,  it  ma^  be  of  mterest  to  mention  the  results  of 
some  experiments  m  the  construction  of  a  small  Gregorian  tel- 
escope, the  specula  of  which  were  covered  with  platinum  by 
the  method  described,  and  with  entire  success.  The  larger 
mirror  has  a  diameter  of  a  little  less  than  four  centimeters,  and 
both  this  and  the  smaller  one,  so  far  as  the  nature  of  the  sur- 
face is  concerned,  appear  absolutely  faultless.  As  only  com- 
mon lenses  were  employed  in  its  construction  the  performance 
of  the  instrument  is  not  remarkable,  but  it  is  sufficiently  good 
to  warrant  the  assurance  that  the  method  will  be  serviceable 
for  the  production  of  specula  of  exquisite  quality  for  optical 
purposes.  The  size  of  the  apparatus,  which,  for  convenience 
m  experimenting,  was  necessarily  small,  did  not  permit  the 
introauction  of  larger  mirrors  than  this,  but  there  seems  to  be 
no  reason  for  doubting  that  much  larger  specula  can  be  suc- 
cessfully made  in  this  way.  The  amount  oi  time  required  for 
obtaining  the  platinum  covering  of  this  mirror  was  about  three 
hours,  during  which  the  coil  was  kept  in  continuous  action, 
with  a  battery  power  equivalent  to  four  or  five  smaU  Grove  cells. 
Mirrors  of  larger  size  would  of  course  require  a  longer  time,  but 
with  suitable  apparatus  a  much  stronger  battery  and  larger  coil 
could  be  used,  which  would  materially  accelerate  the  opera- 
tion. A  plate  two  centimeters  in  diameter  can  be  covered  with 
platinum  m  twenty  or  thirty  minutes  sufficiently  thick  to  form 
a  good  speculum.  For  gold  or  silver  the  time  would  not  be 
more  than  from  ten  to  fifteen  minutes. 

Many  useful  applications  of  this  process  may  be  found,  and 
its  use  is  not  limited  to  those  metals  which  have  been  men- 
tioned here.  Moreover  for  many  of  them  no  other  available 
{>rocess  is  known  by  which  they  can  be  deposited  in  a  uniform 
ayer  and  with  a  brilliant  reflecting  surface  upon  glass.  A  very 
thin  layer  of  platinum,  or  still  better  of  silver  and  platinum 
together,  could  be  used  with  great  advantage  in  the  camera 
lucida  and  similar  instruments.     Very  perfect  mirrors  for  gal- 
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yanometer  needles,  and  for  delicate  torsion  apparatus,  cap  be 
expeditiously  formed  in  this  way,  and  by  the  use  of  very  tbin 
glass,  or  the  most  delicate  films  of  mica,  they  may  be  made  of 
almost  inappreciable  weight  For  the  mirrors  of  heliostats, 
and  other  reflecting  instruments  in  which  a  metallic  surface  is 
necessary,  the  specula  produced  by  this  method  will  be  espe- 
cially valuable.  For  telescopes,  the  beautiful  process  of  Lie- 
big  and  Foucault,  for  forming  silvered  glass  specula,  is  recom- 
mended by  the  ease  with  which  it  is  applied,  and  the  rapidity 
of  its  operation.  But  the  perishable  nature  of  the  delicate  sil- 
ver film,  and  the  difficulty  of  securing  a  firm  and  permanent 
adherence,  are  serious  disadvantages.  These  are  entirely 
avoided  by  the  use  of  an  unalterable  metal  like  platinum ;  and 
though  for  instruments  of  the  largest  size  the  process  here 
described  maj  be  found  impracticable,  for  those  of  more  mod- 
erate dimensions  there  is  every  reason  for  believing  it  may  be 
employed  with  complete  succesa  The  labor  and  time  required 
for  its  application  are  indeed  drawbacks;  but  there  is  compen- 
sation for  this  in  the  important  circumstance  that  the  mirror 
comes  out  of  the  receiver  with  a  surface  of  inimitable  perfec- 
tion, which  would  in  fact  only  be  injured  by  any  of  the  ordin- 
ary methods  of  polishing. 
Yale  OoUege,  August  8,  1877. 


Art.  XXIIL — A  new  and  ready  method  for  the  Estimation  cf 
Nickel  in  Pyrrhotites  and  Mattes;  by  Mabgaret  S.  Chekey, 
and  Ellen  Swallow  Richards. 

We  had  occasion  several  months  since,  to  make  a  number  of 
determinations  of  nickel  in  mattes  where,  for  commercial  rea- 
sons, the  element  of  time  was  of  considerable  importance.  Our 
attention  was  thus  called  to  the  various  processes  which  have 
been  recommended  for  the  separation  of  nickel  from  iron,  and 
we  have  submitted  these  processes  to  comparative  tests,  but  no 
one  of  them  seemed  perfectly  satisfactory  for  our  purpose. 

The  method  most  commonly  used,  perhap,  depends  upon  the 
separation  of  iron  as  a  basic  acetate.  (Fresenius,  page  868.) 
This  method  requires  considerable  analytical  skill  and  practice 
in  its  use.  The  large  dilution  and  subsequent  evaporation  nec- 
essary render  the  operation  a  tedious  one,  even  without  the  re- 
peated re-precipitations  which  are  indispensable  to  a  complete 
separation. 

The  method  based  upon  the  behavior  of  neutralized  solutions 
at  the  boiling  point  (Fresenius,  page  862),  which  we  personally 
prefer  to  use,  is  open  to  the  same  objections.    The  process  of 
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separating  the  iron  by  ammonium  hydrate,  even  with  all  the 
precautions  recommended  by  various  authors,  has  given  very 
unsatisfactory  results  in  our  hand&  By  far  the  best  success 
was  obtained  in  the  use  of  the  method  ffiven  by  Frederick 
Field,  in  the  Chemical  News,  vol.  i,  page  5  (1859).  The  method 
is  as  follows : 

"  In  the  case  of  nickel  and  iron,  the  nitrates  are  evaporated 
nearly  to  dryness,  and,  after  the  addition  of  water,  oxide  of  lead 
(litharge)  is  added,  and  the  whole  boiled  for  ten  minutes  or  a 
quarter  of  an  hour.  The  iron  is  entirely  precipitated,  the  ni- 
trates of  nickel  and  lead  remaining  in  solution.  After  filtration, 
which  can  be  eflFected  with  great  readiness,  dilute  sulphuric 
acid  is  added,  and  on  standing  for  sixteen  hours  the  sulphate 
of  lead  is  filtered  off^,  and  the  nickel  precipitated  and  estimated 
ia  the  usual  manner." 

This  process  uniformly  gave  good  results  as  to  the  separation 
of  iron  and  nickel,  all  the  nickel  being  left  in  solution.  The 
presence  of  lead  in  the  solution  was  somewhat  undesirable,  the 
resiilts  being  too  high  if  the  nickel  was  weighed  as  oxide,  and 
much  more  caution  was  required  in  the  battery  precipitation. 
All  these  methods  require  two  or  three  days,  and  the  quantity 
of  the  ore  or  matte  to  be  operated  upon  is  limited,  usually  two 
to  four  grams. 

Among  the  numerous  tests  made  for  a  more  ready  way  were 
those  depending  upon  the  solubility  of  the  sulphates  in  alcohol 
and  upon  the  behavior  of  the  oxalates,  but  no  satisfactory  re- 
sults were  reached.  Finally  a  systematic  series  of  tests  was 
made  with  the  phosphates,  in  the  course  of  which  it  was  found 
that  phosphate  of  nickel  is  completely  soluble,  while  phosphate 
of  iron  is  almost  insoluble  in  acetic  acid,  in  the  priesence  of  an 
excess  of  phosphate  of  soda.  Upon  this  fact,  which  we  had  not 
found  mentioned  in  any  work  that  we  had  consulted,  we  based 
the  following  process. 

The  ore  or  matte  is  dissolved  in  hydrochloric  acid  with 
the  addition  of  a  little  nitric  acid.  All  the  metals  of  the  arsenic 
and  copper  groups,  if  present,  are  separated  by  means  of  hydro- 
gen sulphide  with  the  usual  precautions,  The  filtrate  is  l)oiled 
to  drive  off  the  excess  of  hydrogen  sulphide,  the  iron  is  oxid- 
ized by  nitric  acid,  and  ammonium  hydrate  is  added  until  a 
permanent  precipitate  begins  to  fonn,  but  not  until  complete 
precipitation  is  effected.  Acetic  acid  is  then  added  until  the 
precipitated  ferric  hydrate  is  redissolved  and  the  liquid  is  of  a 
deep  red  color,  though  not  transparent  To  this  boiling  hot 
solution  ordinary  phosphate  of  soaa  is  added  in  excess,  and  the 
nearly  white  precipitate  is  filtered  and  washed  with  hot  water 
containing  acetic  acid.  The  filtrate  is  heated  nearly  to  boiling 
and  caustic  potash  added  until  the  odor  of  ammonia  is  distinctly 
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perceptible  The  apple-green  precipitate  of  phosphate  of  nickel 
IS  partially  washed,  aissolved  in  a  little  duute  sulphuric  acid, 
the  solution  rendered  strongly  alkaline  by  ammonium  hydrate 
and  the  nickel  precipitated  oy  the  battery. 

If  the  ore  contains  more  tnan  three  per  cent  of  nickel,  it  is 
necessary  to  dissolve  the  precipitate  oi  phosphate  of  iron  in 
hydrochloric  acid,  dilute  this  solution  somewhat,  render  it  nearly 
neutral  by  ammonium  hydrate,  add  twenty-five  or  thirty  cubic 
centimeters  of  acetic  acid,  and  re-precipitate  by  phosphate  of 
soda.  The  filtrate  is  added  to  the  nrst  filtrate.  Ii  the  solution 
has  been  rendered  alkaline  before  the  addition  of  acetic  acid,  or 
if  an  insufficient  quantity  of  phosphate  of  soda  has  been  used 
a  small  amount  of  iron  will  remain  in  the  solution,  not  enough, 
however,  to  interfere  with  the  battery  precipitation  of  the  nickeL 
The  solution  of  phosphate  of  soda  should  be  a  saturated  one, 
and,  if  it  is  heated  separately,  the  troublesome  boiling  of  the 
bulky  precipitate  is  avoided.  By  the  aid  of  the  filter  pump 
this  precipitate  is  readily  filtered  in  spite  of  its  unpromising 
appearance. 

The  advantages  of  this  method  are :  1st,  the  concentration  of 
the  solution.  It  may  contain  ten  to  fifteen  grams  of  ferric  oxide 
in  a  half  liter,  instead  of  one  gram  as  in  the  basic  acetate  method, 
and  thus  larger  quantities  of  a  poor  ore  may  be  operated  on. 
2d,  A  great  saving  of  time.  The  nickel  may  be  weighed  in 
eight  or  ten  hours  from  the  time  the  ore  is  pulverized  and 
ready  for  solution.  This  saving  of  time  is  mainly  due  to  two 
causes.  First,  less  care  is  required  in  case  of  precipitating  as 
phosphate  than  as  basic  acetate.  Second,  in  precipitating  phos- 
phate of  nickel  by  caustic  potash  it  is  not  necessary  to  concen- 
trate the  solution  nor  to  expel  all  the  ammonia  as  is  the  case  in 
precipitating  as  hydrated  oxide.  An  unexpected  advantage  is 
the  more  ready  battery  precipitation  of  the  nickel  from  the  so- 
lution of  the  phosphate. 

Two  of  the  so-called  quart  carbon  cells,  each  half  filled  with 
the  solutions  (bichromate  of  potassium  and  sulphuric  acid)  were 
found  quite  sufficient  to  precipitate  the  nickel  completely  in 
two  hours.  If  a  strong  current  was  used,  the  nickel  was  pre- 
cipitated in  a  black,  spongy  form. 

A  solution  containing  '876  grams  Ni  as  chloride,  and  1183 
grams  Fe  as  chloride  was  made  up  to  250  c  c. 


Found. 

Theory. 

percent 

100  c.  c.  of  which 

•1486 

•150 

99^06 

100  c.  c.       ** 

•149 

•150 

99-33 

50  0.  c.       « 

•0748 

•075 

99-73 

To  the  first  portion,  the  phosphate  of  soda  was  added  first, 
and  the  acetic  acid  afterward. 
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percent 

Matte  No.  1  gave  (phosphate  method)       6*77    Cheney. 

*'  '*  6*86  ) 

u  a  ^.4Q  j-  Richards. 

Matte  No.  2     **     (neutralized  eolation)    2*08  )  pj  u    jg 

2*87  ) 

2*15    Cheney 
Matte  No.  8     **     (phosphate  method)      7*22*  Richards. 
"  "  7*41t  Hardman. 

rbasic  acetate)  7*79    Hardman. 

Pyrrhotite  No.  1  (basic  acetate)  '^^  l  H    d 

"  "      (phosphate  method)         -88 )  q^^^^^ 

Pyrrhotite  No.  2  (phosphate  method)  *726  )  t>«  v    j 

Ifassadiuaetta  Institote  Technology,  Woman's  Laboratory,  Jane,  18t7. 


Abt.  XXrV. — Notes  on  the  internal  and  external  structure  of 
Paleozoic  Orirunds  ;  by  Chablbs  Wachsmuth. 

(Oontinned  from  page  127.) 

5.  7%e  conetruction  of  the  summit  and  its  value  in  classification. 

The  construction  of  the  ventral  disc  or  actinal  side  of  the 
calyx  has  heretofore  received  less  attention  than  almost  any 
other  part  of  the  Crinoids,  and  thereby  an  important  aid  to 
olaosification  has  been  overlooked.  I  think  it  affords  a  clear 
and  most  important  distinction  between  recent  and  ancient  Cri- 
noids,  and  shows  that  they  fall  naturally  into  two  great  divis- 
ions or  group&  This  view,  although  it  does  not  agree  with  the 
opinion  of  other  authors,  who,  in  their  classifications,  have 
placed  a  number  of  Paleozoic  genera  in  the  same  group  with 
the  recent  Grinoids,  is,  as  I  hope  to  show,  well  founded. 

Dr.  F.  Roemer,  in  the  Lethsea  Geognostica,  1866,  p.  227, 
divides  '*  the  true  Orinoids,  which  are  supported  by  an  articulated 
or  jointed  column"  into  two  divisions : 

a,  Crinoids  in  which  (he  ventral  side  consists  of  a  soft  skin, 

6,  Those  in  which  the  ventral  side  is  covered  by  solid  immovable 
plates. 

Eoemer  includes  with  the  former  group,  Pentacrinidce,  Apio- 
crinidoe,  EugeniacrinidcB^  Encrinidce,  Oupressocrinidcs  and  Oy- 
athocrinidce.  This  division  seems  to  have  been  based  on  mere  con- 
jecture, since  a  membranous  ventral  surface  has  been  observed 
only  in  the  Pentacrinid^  and  the  recent  Crinoids  generally, 

*  Mrs.  Biohards  lost  a  portion  of  the  washings  by  the  breaking  of  a  beaker, 
f  This  was  Mr.  Hardman's  first  trial  of  the  phosphate  method  and  not  enough 
phosphate  of  soda  was  added  to  prodnce  a  white  precipitate. 
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though  it  is  probable  that  Myeniacrinus  and  several  allied  gen- 
era had  that  summit  structure.  In  the  Apiocrinidae  and 
EncrinidsB  however,  the  general  construction  of  the  dorsal  or 
abactinal  parts,  the  massive  plates,  both  of  calyx  and  arms,  indi- 
cate rather  a  closer  relationsnip  with  the  ancient  Crinoids  and 
suggest  the  existence  of  a  solia  dome.  The  latter  becomes  more 
probable  since  a  solid  vault  has  been  discovered  in  Belemnocri' 
ntis.  This  genus  is  in  its  generic  formula  and  general  form 
almost  identical  mth  the  recent  Rhizocrinvs,  which  on  the 
contrary  is  covered  by  a  soft  peristoma  Both  are  closely 
related  to  Apiocrinus;  Belemnocrintu  particularly  has  the  same 
heavy  body  plates  and  the  small  visceral  cavity,  and  it  appears 
to  me  that  Apiocrinus  is  more  nearly  allied  to  the  Paleozoic 
type  than  to  the  recent  Rhizocrinvs, 

The  Oupresaocrinidoe  and  Cyathocrinidoe  are  the  only  groups 
from  Paleozoic  formations  which  Eoemer  places  in  his  division 
a.  Dr.  Schultze,  who  adopted  Boemer  s  classification,  included 
in  the  Oupresaocrinidce  the  genera  "  Synbaihocrinus  Phill.  and 
Phimocrinus  L.  Schl.,*'  in  which  he  is  undoubtedly  correct,  for 
stronger  reasons  even  than  he  himself  perceived.  These  two 
ffenera  iqjree  with  Cupressocnnus  not  only  in  the  simplicity  of 
their  arms,  but  also  in  the  so-called  *'  consolidating  apparatus," 
which  he  describes  and  figures  in  the  latter.  The'  apparatus  is 
placed  horizontally  in  Cupressocrinxis^  upright  and  turbinate  in 
the  two  other  genera.  When  the  consolidating  plates  in  Synhath- 
ocrinus  are  preserved,  the  ventral  side  appears  to  have  two  sepa- 
rate apertui^  a  lateral  proboscis  and  a  central  mouth.  And  so 
the  genus  was  originally  described.  This  is,  however,  a  mis- 
conception. By  removing  carefully  all  the  arm  joints  from  a 
specimen  of  Synbaihocrinus,  I  discovered  the  central  aperture 
pnerfectly  covered  with  a  number  of  small  plates,  and  to  this 
summit,  as  it  might  be  called,  were  attached  narrow  lateral  ex- 
tensions, composed  of  alternating  pieces,  which  passing  down- 
ward, covered  the  little  grooves  that  lead  to  the  arm  furrows. 
The  consolidating  apparatus  here  forms  in  fact  a  part  of  the 
solid  vault  It  is  reasonable  to  conclude,  that  in  the  allied 
genera  Cupressocrinvs  and  Phimocrinus^  so  closely  related  to 
Synbaihocrinus  otherwise,  the  central  opening  was  closed,  and 
that  the  consolidating  plates  were  further  overlaid  with  plates 
forming  the  floor  of  a  passage  in  connection  with  the  arm  fur-  . 
rows  and  visceral  cavity.  The  small  plates  which  extend  out  to 
the  arms  are  in  the  specimen  but  partly  preserved  and  the  con- 
nection with  the  arm-furrow  is  interrupt^!,  but  there  can  be  no 
doubt  that.the  channel  underneath  contained  the  food  groove  and 
ambulacral  canal  which  I  have  described  in  Oyathocrinus,  The 
covering  of  the  central  opening  of  Synbaihocrinus  resembles 
in  a  remarkable  degree  that  of  the  central  aperture  of  the  Btas- 
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toicfo,  and  it  seems  to  me  highly  probable  that  the  consolidating 
plates  are  homologous  with  the  partly  hidden  deltoid  pieces  of 
the  latter. 

Among  the  Cyathocrinid»,  Eoemer  included  genera  of 
widely  different  types.  Besides  the  typical  one,  he  enumerates 
nine  genera,  only  two  of  which,  Heterocrinus  and  Oraphiocrinxis^ 
have  the  cbaract^istics  of  the  Oyathocrinidue,  and  both  of  them 
evidently  possess  a  solid  dome,  as  is  proved  by  their  heavy 
proposcis.  All  the  remaining  genera  belong  to  other  groups. 
Macrostylocrimia  resembles  Ctenocrinus  Bronn,  and  Cytocrinus 
Reamer  so  closely,  that  they  may  yet  prove  to  be  identical. 
Roemer,  however,  places  Clenocrinua  with  Olyptocrinus  among 
the  Crinoids  with  a  ^olid  dome,,  and  Macrostylocrtnus  amonff 
the  Oyaihocrinidae.  Macrosiylocrintis  is  allied  to  Mehcrinua^  and 
has  undoubtedly  a  similar  summit  structure.  The  same  may 
be  said  of  Sdiizocrmiia  and  Dimeroerinus  which  are  not  at  all 
related  to  Cyaihocrinua. 

The  genus  Oualhocrinus  was  originally  described  by  Professor 
.  Phillips  and  Mr.  Austin  as  having  a  separate  mouth  and  vent, 
which  was  considered  by  these  authors  and  others  to  be  its 
chief  distinction  from  Poteriocrinus.  Accordingly,  all  species 
with  a  proboscis  or  solid  dome,  though  otherwise  agreeing 
with  Ch/aihbcrtntA8j  were  referred  to  Poieriocrtnus  or  some  allied 
genus.  Meek  and  Worthen,  however,  proved  in  the  Geological 
Report  of  Llinois,  vol.  v,  p.  325,  that  in  perfect  specimens, 
the  central  opening  is  closed.  The  cov^ering  of  Q/athocrintis  is 
exceedingly  interesting,  and  throws  light  upon  the  summit 
structure  of  many  genera.  I  shall  herein  refer  frequently  to 
Meek  &  Worthen 's  excellent  figures,  vol.  v,  Plate  ix,  figs.  13 
and  14. 

Looking  only  at  fig.  14,  one  would  at  first  naturally  suppose 
there  must  have  been,  during  the  life  of  the  animal,  two  dis- 
tinct openings  in  the  vault  But  on  examining  it  more  criti- 
cally and  comparing  it  with  fig.  13,  it  will  be  found  that  fig. 
14  represents  simply  the  consolidating  apparatus  as  figured  by 
Roemer  and  Schultze  in  Oupressocrinus^  placed  here  exactly  as 
in  that  genus,  and  consisting  of  five  large  pieces,  alternating 
with  the  upper  edges  of  the  first  radial  platea  The  plate  of 
the  anal  siae  is  larger  than  the  others  and  forms  the  base  of  the 
inner  side  of  the  proboscis.  The  five  pieces  which  connect 
with  each  other  laterally,  extend  inward  for  some  distance,  but 
not  so  far  as  to  meet  in  the  center  where  there  is  a  semi-circular 
or  heart-shaped  opening.  Along  the  sutures,  between  the  five 
plates,  a  comparatively  large  furrow  from  each  arm  base  ex- 
tends inward  and  leads  to  the  central  opening.  Examining 
now  fig.  13  we  find  the  general  aspect  of  the  ventral  disc  en- 
tirely changed.     The  lateral  opening  has  been  transformed  into 
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the  base  of  a  proboscis,  and  the  consolidating  plates  are  partly 
covered,  leaving  but  a  sm^U  uncovered  space  in  the*  form  of  a 
delta  in  the  interradial  areas.  The  central  opening  is  vaulted 
over  by  a  number  of  various  sized  pieces,  the  largest  one  occu- 
pying the  side  toward  the  proboscia  The  shallow  groove  be- 
tween the  sutures  of  the  consolidating  plates  is  ftrched  by  a 
double  series  of  alternating  plates,  forming  underneath  a  paa- 
sage  for  the  ambulacral  canal  and  food  groova  The  vault,  tous 
closely  resembling  that  of  Synbathocririus^  was  in  all  probabUity 
arranged  on  a  similar  principle  in  Cupresaocrinus,  The  same 
plan,  with  slight  modifications,  prevailed  in  Poteriocrmiu^ 
Scapkiocrintis  and  all  genera  with  an  inflated  or  baUoon-shcmed 
ventral  aa/o.  Among  the  latter,  the  center  of  radiation  is  rre- 
quently  found  to  be  pushed  toward  the  anterior  side,  so  that 
owing  to  the  great  size  of  the  sac  at  its  junction  with  the  dorsal 
cup,  It  does  not  occupy  the  center  of  figure. 

Among  all  groups  of  Crinoids,  the  Oyathocrinidoe  undergo 
the  least  amount  oi  chance  in  the  course  of  time.  They  are 
represented  in  the  lower  Silurian  by  several  genera,  and  Oya- 
ihocrinus  is  the  only  genus  recognized  in  the  rermian.  In  all 
intermediate  formations,  we  fina  Crinoids  with  five  basals,  five 
subradials  and  five  radials,  and  it  is  worthy  of  note  that  the 
0/a(hocrinidoe,  in  the  structure  of  their  vault,  bear  closer  resem- 
bknce  to  the  recent  Crinoids  than  almost  any  other  group,  and 
seem  to  hold  an  intermediate  position  between  modern  and 
Paleozoic  types.  If  the  alternating  plates,  covering  the  fur- 
rows, could  be  turned  back  at  the  vault  by  the  animal,  as  the 
Saumplatten  of  the  arms,  then  the  food  groove  of  these  Cri- 
noids was  open  throughout,  as  in  recent  form&  This  might 
possibly  have  been  the  case  in  Oyaihocrinua  lowensis^  but  I 
even  doubt  it  here,  as  the  corresponding  plates  in  other  closely 
related  species,  though  arranged  upon  the  same  fundamental 
plan,  present  rather  an  aspect  of  true  vault  pieces.  The  Our 
pressocrinidoe  and  OyathocrxnidoR  thus  fall  naturally  into  a 
group  by  themselves,  having  the  vault  supported  by  consoli- 
dating plates,  and  covered'^by  an  immovable  arch  of  small 
plates. 

The  next  group  is  one  in  which  of  all  Paleozoic  Crinoids  the 
vault  is  least  known,  including  Taxocrinua^  jF\)fhe8iocrin%d^  Ony- 
chocrinuSj  Ichthyocrinus^  Lecanocrinus^  and  probably  other  gen- 
era. The  TaoDocrinid(je,  for  such  I  will  call  them,  have  hitherto 
been  described  as  being  covered  with  some  soft  material  instead 
of  solid  plates,  even  by  Dr.  Schultze,  though  he  describes  and 
figures  a  Taxocrinus  with  a  long  heavy  plated  proboscis,  which 
could  not  have  been  support^  upon  a  soft  skin.  *    In  this 

*  I  believe  Dr.  Schultze  is  mistaken  in  referring  his  T,  briareua  to  Thxoormm$ 
as  it  ladra  all  the  characteristic  features  of  the  genus.    Its  rather  large  anbra- 
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group,  the  plates  of  tbe  radial  series  are  indented  on  their  upper 
margins  more  or  less  deeply  for  the  reception  of  a  protuberance 
from  the  lower  side  of  the  succeeding  plate.  The  indentation 
of  the  upper  margin  does  not  extend  throughout  the  thickness 
of  the  plate,  and  in  FoThesiocrinus^  it  is  filled  by  a  superficial 
patelloid  plate,  which  is  separately  articulated  and  sometimes 
anchylosed  with  the  outer  margin  of  the  plate  above.  This 
peculiarity  exists  not  only  in  the  arm  plates,  but  is  conspicu- 
ous in  the  radials,  thus  producing  apparently  an  articulate 
structure  of  the  whole  skeleton  and  indicating  some  degree  of 
flexibility  in  the  body  as  well  as  the  arms.  The  interradial 
portions  appear  sometimes  depressed,  and  in  other  cases  swollen 
or  bulged  out,  showing  that  they  probably  yielded  to  a  moder- 
ate expansion  or  contraction  of  the  body  walls,  due  to  the  mo- 
bility of  the  radial  parts  which  likewise  involves  a  flexibility 
of  the  summit  I  have  not  been  so  fortunate  to  find  the  sum- 
mit of  any  of  these  genera  perfectly  preserved,  but  I  feel  con- 
vinced from  what  I  have  observed,  that  it  did  not  consist  of  a 
soft  skin.  In  Onychocrinus,  the  genus  which  possessed  evidently 
the  greatest  expansive  power,  the  radial  plates  are  frequently 
found  spread  out  horizontally,  and  I  have  found  toward  the  inner 
or  ventral  side  of  the  radials,  rather  large  imbricating  plates,  to 
which  smaller  ones  are  attached  which  connect  with  the  plates 
of  the  interradial  series,  and  which  decrease  in  thickness 
inwardly.  In  several  specimens  I  found  the  inner  part  or  cen- 
ter of  the  disc  covered  by  a  number  of  thin,  very  small  plates, 
whose  arrangement  could  not  be  made  out,  but  it  is  niffhly 
probable  from  their  size  and  shape,  that  they  formed  a  kind 
of  scaly  integument  which  was  pliant  and  flexible,  thus  &cili- 
tating  a  contraction  or  expansion  of  the  dorsal  portions. 

The  close  relationship  existing  between  OnycnocrinuSj  Forbes- 
iocrinus  and  Taxocrinus,  renders  it  almost  certain  that  their 
summit  was  similarly  constructed.  In  Ichihyocrtnus  the  pecu- 
liarities in  the  radial  portions  are  less  strongly  marked,  and 
the  ^enus  has  no  interradial  plate,  but  as  it  agrees  otherwise  so 
nearly  with  Taax>crinus  that  it  is  sometimes  difficult  to  separate 
them,  we  may  feel  sure  that  this  Silurian  genus  forms  no  ex- 
ception to  the  general  rule,  but  that  its  mouth  was  covered  as 
in  other  Paleozoic  Crinoids. 

That  the  summit  in  several  genera  has  not  been  discovered 
is  no  proof  that  it  consisted  of  soft  material  During  the 
eighteen  years  that  I  collected  at  Burlington,  I  obtained  sev- 
eral hundred  of  the  most  perfect  specimens  of  Oyathocrtnus^ 

dials,  the  large  flrst-radials  as  compared  with  the  snooeediDg  radials,  the  single 
anal  plate  upon  which  the  heavy  probosois  rests,  hkHoato  that  it  belongs  to  OyO" 
thoerimu  or  some  alhed  genns.    His  T.  grmcQtB  may  prove  to  be  Ort^tkioerimti 
or  SeapfUocrimu  (?). 
Am.  Jour.  Sol— Thibd  Sbbibs,  Vol.  XTV,  No.  SL^Sbpt.,  1877. 
13 
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some  of  them  as  perfect  in  most  of  their  parts  as  if  dredged 
from  the  ocean,  but  only  two  specimens  have  been  discovered 
in  which  the  summit  was  preserved,  and  only  a  single  Scaphio- 
crinus.  That  this  could  nappen  at  a  locality  where  even  the 
finest  tissues  of  the  most  delicate  internal  organs  are  preserved, 
is  somewhat  astonishing,  but  yet  it  can  be  accounted  tor  by  the 
fact  that  the  pieces  which  cover  the  central  opening,  as  also  the 
small  alternating  plates  forming  the  ambulacral  canal,  are  very 
thin  and  that  they  rest  but  partly  upon  the  consolidating 
plates,  being  thereby  rendered  insecure  and  liable  to  removal 
by  any  accident,  even  with  very  small  force.  Moreover  the 
arms  of  the  Cyathocrintdoe  are  generally  attached,  and  the  ven- 
tral disc  thus  hidden  from  view.  In  specimens  in  which  the 
arms  are  destroyed,  their  destruction  almost  invariably  involved 
that  of  the  entire  ventral  side,  and  so  delicate  are  these  parts, 
that  even  when  the  arms  are  well  preserved  and  so  situated  as 
to  expose  the  dome,  the  plates  are  nearly  always  gone,  or  are 
found  in  a  confused  mass  inside  the  calyx. 

I  come  now  to  another  group  in  which  on  the  basis  of  the 
summit  structure,  such  apparently  diverse  forms  are  included 
that  I  am  under  the  necessity,  very  unwillingly,  of  making  a 
name  for  it.  It  includes  the  families  Actinocrinidoe^  PlcUycrin- 
idee,  Jihodocrinid(Bj  Melocrinidce,  and  the  genera  ISchisBocrinus^ 
Dimerocrinua  and  Macrostylocrinus,  which  Boemer  has  ranged 
amonff  the  Oyathocrinidx,  and  I  caU  it  provisionally  the  Spfier- 
oidce,  from  the  form  of  the  calyx  which  is  generally  somewhat 
spherical  This  large  group,  embracing  over  one  hundred  gen- 
era and  ranging  from  the  base  of  the  Silurian  to  the  top  of  the 
Subcarboniferous,  is  capable  of  accurate  definition,  is  easily 
distinguished,  and  fortunately  the  summit  is  very  commonly 
found  well  preserved  in  most  of  the  genera. 

The  summit  is  composed  of  heavy,  frequently  nodose  plates, 
closely  cemented  together,  so  as  to  form  a  Jree  arch  (not  sup- 
portea  by  consolidating  plates),  which  i*ests  like  a  hemisphere 
upon  the  dorsal  <^up.  The  plates  of  the  summit,  which  at  first 
sight  exhibit  great  apparent  diversity,  are  arranged  throughout 
upon  one  and  the  same  fundamental  plan.  Banning  with  genera 
that  have  but  few  vault  pieces,  we  find  in  them  the  median 
portion  occupied  by  one  large  center  plate,  surrounded  by  six 
others,  four  large  ones  of  equal  size,  and  two  smaHer  ones.  The 
four  large  plates  join  laterally  and  are  often  placed  directly  to 
the  centerpiece.  In  very  large  species  and  sometimes  in  very 
old  specimens,  the  plates  are  separated  by  small  polygonal 
pieces,  but  easily  recognized  by  their  size.  Two  of  the  four 
plates  lie  above  the  interradial  series  adjoining  the  anterior  ray, 
the  two  others,  one  at  each  side,  are  placed  between  the  two 
lateral  rayB.     The  two  smaller  plates  are  separated  from  each 
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other  by  anal  plates  or  by  the  proboscia  These  seven  pieces 
which  I  will  call  the  ^^  apical  platesy^  are  easily  recognized  by 
their  greater  prominence  and  size  in  species  with  comparatively 
few  summit  plates  and  a  lateral  anal  aperture ;  but  their  identi- 
fication is  more  difficult  in  species  in  which  a  subcentral  pro- 
boscis is  placed  between  the  two  small  plates,  and  the  whole 
vault  looKs  like  an  immense  proboscia  In  these  forms,  the 
four  large  plates,  together  with  the  two  smaller  ones,  are  pushed 
toward  the  anterior  side  of  the  specimen,  while  the  center 
plate  rests  with  one  side  against  the  proboscia 

There  are  other  summit  plates  following  a  radial  direction, 
which  are  either  attached  to  the  apical  piec^  or  separated  from 
them  by  a  belt  of  small  polygonal  plates.  Their  number, 
which  varies  greatly  in  different  species,  depends  upon  the 
number  of  primary  arms  that  spring  out  directly  from  the 
body,  no  matter  how  often  the  arms  branch  afterward.  In 
species  with  only  two  arms  to  the  ray,  each  ray  has  two  rows 
of  corresponding  plates  in  the  dome,  one  large  bifurcating 
plate  forms  the  upper  row,  three  plates  the  second  row ;  two  of 
the  latter  are  bracnial  plates,  the  third  one  is  an  inter-brachial 
plate  separating  the  two  'arma  In  rays  with  three  arms,  there 
are  eiffht  plates  in  three  seriea  The  upper  series  consist  of  one 
large  bifurcatinff  plate  which  evidently  corresponds  with  the 
third  radial  of  the  dorsal  side.  The  second  series,  correspond- 
ing to  the  secondary  radials,  is  composed  of  two  plates,  the 
plate  toward  the  division  with  two  arms  beineas  la^e  as  the 
plate  of  the  upper  series,  and  the  one  toward  the  single  arm 
much  smaller.  The  third  series  is  formed  by  three  brachial 
and  two  interbrachial  platea  In  species  with  four  arms  to  the 
ray,  both  radial  pieces  of  the  second  series  are  large,  and  from 
each  of  them  there  originate  two  brachial  piecea  As  a  gen- 
eral rule,  the  summit  plates  increase  in  proportion  to  the  num- 
ber of  primary  arms  of  a  species  in  the  same  manner  and  on 
the  same  principle  as  the  plates  of  the  dorsal  side.  Every  ra- 
dial from  the  third  radial  upward  has  a  corresponding  plate  on 
the  ventral  side,  and  additional  interbrachial  plates  between 
corresponding  brachial  plates  above  the  arma  Therefore  in 
adult  specimens,  with  some  little  practice,  the  number  of  arms 
can  be  ascertained  nearly  as  well  from  the  dome  as  from  the 
dorsal  side.  The  number  of  vault  pieces  is  enormous  in  some 
genera,  especially  if  the  radials  branch  off  alternately,  as  for 
instance  in  Strotocrinua^  where  some  species  have  120  to  180 
arma  In  looking  at  a  full  grown  specimen,  with  its  many 
hundred  apparently  irr^ularly  arranged  vault  pieces,  one 
would  scarcely  expect  to  be  able  to  discover  that  this  con- 
struction, in  nearly  all  the  Paleozoic  Crinoids,  is  based  upon  a 
definite  plan,  and  that  plan  the  same  as  prevails  below  the  arma 


Digitized  by  VjOOQIC 


188         G.  WachsmiUh — Stntcture  of  Paleassoic  Orinotds^ 

That  this  is  the  case  may  be  successfallj  demonstrated  in  the 
young  Strotocrmus  which  has  comparatively  fewer  sommit  plates. 

The  young  specimen,  in  genera  with  numerous  arms,  has 
fewer  arm  openings  than  the  adult,  though  both  have  the  same 
number  of  arma  This  is  best  observed  \n  the  young  Siroloeri' 
nris.  Here,  the  basals,  primaij  radials,  first  anal  and  first 
interradial  pieces  are  comparatively  large,  while  the  higher 
series  of  interradials  are  yet  absent  or  but  slightly  developed 
The  radials  of  the  higher  orders,  which  in  adult  specimens 
form  a  part  of  the  body,  are  in  young  specimens  free  arm 
plates,  unsupported  by  any  interradial  or  interaxillary  pieces. 
The  arms,  therefore,  whicli  spring  directly  from  the  body  in 
adult  specimens,  in  the  young  branch  alternately  right  and  left 
after  emerging  from  the  body,  the  spaces  between  the  bases  of 
the  branches  being  subsequently  filled  by  the  upward  growth 
of  the  body,  so  that  the  branching,  instead  of  occurring  in  the 
free  arms,  seems  to  be  completed  in  the  body  walls.  So,  for 
instance,  the  youn^  i^ri:>(ocnnus  umbrosm  has  at  first  but  four 
arm  openings  to  the  ray,  at  a  later  period  it  is  found  to  have 
eight,  and  in  the  adult  state  twelve,  being  a  separate  opening 
for  each  arm.* 

The  rule,  that  the  number  of  summit  plates  increases  in  pro- 
portion to  the  number  of  primary  arms,  holds  good  with  refer- 
ence to  the  young  specimen.  The  young  Strotocrinus  has  fewer 
plates  than  the  adult  individual  (the  difierence  being  in  pro- 
portion to  the  state  of  growth),  and  these  are  arranged  in  the 
same  order,  and  are  as  easily  recognized  as  those  of  the  sim- 
plest species  of  this  group.  The  apical  and  principal  radial 
pieces  are  larger  than  the  intervening  interradial  plates  which, 
exceptionally  in  this  genus,  attain  by  a^e  the  same  size  as  the 
apical  and  radial  pieces.  The  inienadim  pUUea  of  the  vault  oc- 
cupy the  intermediate  spaces  between  the  radial  areas.  As 
their  number  depends  greatly  upon  the  age  of  the  individual, 
they  vary  often  in  the  same  species.  In  species  with  but  few 
arms,  we  find  comparatively  few  interradials,  and  those  are  gen- 
erally smaller  than  the  other  plates.  The  latter  is  especially 
true  in  young  specimens,  as  also  in  small  specie&  Sometimes, 
as  for  instance  m  some  Megistocrini  and  all  Rhodocrinidce,  the 
greater  part  of  the  summit  is  covered  by  large  numbers  of 
small,  polygonal  plates  which  form  regular  belts  around  the 
apical  and  radial  platea     The  species  ot  these  genera,  though 

*  A  ]^<Hmg  SIrolocrinm,  tmless  the  anns  are  attadied,  cannot  be  distingniflbed 
generiadlj  from  an  adult  AcHnoermue  probmadidUSf  and  as  both  hare  the  same 
peculiar  ornamentation  with  the  same  number  of  arm  (^ninga,  th^  differ  but 
sUghth^  In  spedflo  characters.  AcHnocrimu  proboseididlis  Is  the  typicaJ  q)ecie8  of 
a  smaU  ^up  of  beautifully  ornamented  Orinoids,  and  is  eridently  the  forefiither 
of  all  ^SltiDtoerinif  which  idea  seems  to  be  further  confirmed  bj  the  geological  soo- 
cesslon. '  The  former  group  occurs  only  in  the  Lower^  and  Strotoarimui  only  in  the 
tapper  Burlington  limestone. 
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being  comparatively  of  large  size,  have  generally  but  two  pri- 
mary arms,  and  consequAntly  for  each  ray  but  one  radial  dome 
{late  which  is  here  placed  at  some  distance  from  the  arm  bases, 
n  the  adult  Megiatocrinua  the  radial  as  well  as  apical  plates  are 
extremely  large  and  stand  forth  conspicuously,  and  each  one 
separately,  among  the  surrounding  minute  polygonal  pieces.  In 
the  young  Megistocrinue^  however,  and  in  the  Bhodocrintdce  gener- 
ally, the  apical  pieces  and  the  radial  plate  are  placed  side  by  side, 
bemg  surrounded  by  the  polygonal  plates.  The  form  and  size 
of  the  principal  summit jplates,  the  aistribution  and  number  of 
the  interradial  pieces,  afford  most  excellent  characters  for  dis- 
tin^ishing  manv  genera.  In  Agaricocrtnus,  all  apical  and 
radial  pieces  are  large  and  tuberculous,  the  few  interradials  are 
small.  In  Dorvcrinusj  the  center  plate  and  first  radials  are  spin- 
iferous  or  nooose.      In  Amphoracrinus^  the  four  large  apical 

?ieces  are  spiniferous  or  tuberculous,  the  radials  nodose.  In 
^latycrtnus  and  HexacrinuSj  the  apical  plates  are  very  promi- 
nent, often  tuberculous,  the  radial  portions  are  somewhat  con- 
structed like  the  rows  of  small  alternating  plates  of  the  Oyaiho- 
crinidce.  In  BatocrinuSy  all  summit  plates  are  nodose  and 
almost  of  equal  size. 

The  apical  plates  can  be  distinguished  in  other  groups  as  well 
as  in  this.  They  surmount  the  vault  of  Svnbatfiocrinus  and 
Pyathocrinus,  cover  the  central  opening  of  the  Blastoids,  and 
can  be  traced  in  many  of  the  Cystideans.  This,  with  the  fur- 
ther fact  that  they  are  so  largely  developed  in  young  specimens, 
that  they  cover  and  protect  some  of  the  most  important  organs 
of  the  inner  cavity,  shows  their  great  importance,  and  leads  us 
to  infer  that  they  were  the  first  solid  parts  developed  on  the 
ventral  side  in  young  Grinoids.  The  center  piece  corresponds 
evidently  with  the  basals  of  the  dorsal  side,  the  surrounding 
plates  to  the  subradials  (the  two  smaller  plates,  separated  by 
the  anus  forming  together  one  large  one),  which  on  the  other 
hand  were  undoubtedly  the  first  developed  parts  of  the  dorsal 
side,  and  the  parts  which  are  the  most  highly  developed  in  the 
Cystideans. 

The  above  groups,  representing  the  three  principal  plans 
upon  which  the  vault  is  constructed,  embrace,  according  to  my 
views,  not  only  all  those  Paleozoic  genera  which  were  supposed 
to  be  covered  by  a  membranous  surfece,  but  nearly  all  Paleo- 
zoic Grinoids  that  are  known.  There  are  some  few  genera,  as 
for  instance  JSucaiyptocrinus,  with  a  very  peculiar  superstructure 
at  the  ventral  side,  whose  affinities  I  have  not  been  able  to  de- 
termine. There  is  the  genus  Oalceocrinus  which  differs  so  widely 
from  all  other  known  Grinoids  by  its  distinct  bilateral  symme- 
try and  unique  structure,  that  it  forms  evidently  a  very  dis- 
tinct group  by  itsell    There  may  be  still  others,  diffenng  in 
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their  summit  structure  from  the  general  plan ;  bat  I  have  yet  to 
discover  a  single  Paleozoic  genus  in  which  a  special  oral  aper- 
ture has  been  identified,  or  in  which  the  existence  of  a  solid 
vault  has  been  disproved,  or  cannot  be  traced  by  analogy.  Thus 
it  may  be  possible  that  the  solid  vault  was  essential  under  the 
conditions  which  prevailed  in  the  earlier  geological  ages. 

Closely  related  as  the  recent  Crinoids  are  to  their  Paleozoic 
ancestors  in  some  points,  the  solid  vault  of  the  latter  cannot  in 
the  remotest  degree  be  homologized  with  the  soft  peristome  of 
the  former.  The  solid  dome  forms,  as  I  think  I  have  proved, ' 
a  continuation  of  the  radial  and  interradial  series  of  the  dorsal 
side  and  serves  merely  as  a  covering  and  protection  for  the  or- 
gans underneath.  It  is  in  every  sense  of  the  word  aboral  and 
forms  a  part  of  the  abaetinal  system,  which  being  already  re- 
duced in  the  Peniacrinidce  and  Comatultdce  to  a  narrow  tentacle 
furrow,  recedes  in  Paleozoic  Crinoids  one  step  further  and  dis- 
appears within  the  solid  walls  of  the  body.  The  actinal  sys- 
tem here  consists  externally  only  of  the  arm  furrows,  whence  it 
continues  underneath  the  vault  These  Crinoids  therefore  are 
evidently  of  lower  development  and  belong  to  an  inferior  type. 

The  ventral  peristome  of  the  recent  Crinoids  serves  as  a  mad- 
reporic  apparatus,  introducing  the  necessary  water  for  respira- 
tion. It  is  capable  of  expansion,  and  does  expand  when  water 
or  food  is  introduced  into  the  inner  cavity,  and  contracts  when 
refuse  matter  is  expelled.  These  are  functions  which  the  solid 
vault  could  not  have  performed,  and  there  must  have  been  con- 
sequently impoi:tant  modifications  in  the  internal  economv  of 
these  animals.  Comparing  the  large  size  of  the  calyx  of  the 
earlier  Crinoids  with  the  small  cup  and  large  long  arms  of  the 
recent  types,  we  find  in  the  former  an  approach  to  the  Oystideans, 
as  also  a  striking  resemblance  to  the  nascent  Pentacrirtus  hehre 
its  arms  are  fully  developed.  In  the  older  forms,  the  radial 
plan  is  almost  overshadowed  by  the  bilateral  arrangement  of 
the  vault,  which  reminds  of  the  bilateral  symmetry  in  the  ear- 
lier stages  of  other  Echinoderms.  All  these  facts  tend  to  prove, 
that  the  Paleozoic  Crinoids^  embracing  therein  all  true  Onnaids 
in  which  the  actinal  side  is  closed,  represent  the  young  stage  of 

f growth  of  the  living  types..  They  bear  evidently  the  same  re- 
ation  to  the  Pentacrinidoe  and  Comatulidce  as  the  Perischoechinidce 
bear  to  Vie  Echini,  as  the  Oystideae  and  Blastoidece  bear  to  the  Pa- 
leozoic Orinoids.  They  unquestionably  form  a  distinct  group  of 
Crinoids,  and  I  therefore  propose  for  it,  from  the  fact  that  its 
representatives  lived  almost  exclusively  in  Paleozoic  times,  the 
name :  ^^  Paleocrinoidea"  as  a  suborder  of  the  Orinoids. 

Whether  Encrinus,  Apiocrinus  and  allied  genera  of  the  Juras- 
sic time  are  to  be  brought  within  this  suborder,  depends  upon 
the  construction  of  their  vault,  which  cannot  at  present  be  de- 


Digitized  by  VjOOQIC 


J.  LeConte — Phenomena  of  Binocular  Vision.         191 

termined.  Should  they  prove  to  have  a  solid  dome  they  would 
be  included  here,  and  this  might  detract  slightly  from  tne  tech- 
nical exactness  of  the  name  Paleocrinoidea.  Still  as  its  charac- 
teristic types  were  so  prevalent  and  constituted  so  important  a 
part  of  the  life  of  Paleozoic  ages  and  the  Mesozoic  lorms  are 
comparatively  so  insignificant  in  variety  and  abundance,  the 
term  would  nevertheless  be  significant  and  appropriate. 

I  shall  not  attempt  to  separate  the  Paleocrinoviece  into  fami- 
lies, as  I  think  our  present  knowledge  is  hardly  sufficient  for 
'such  a  work,  but  I  feel  convinced  that  it  must  be  based  mainly 
upon  the  diversities  in  the  structure  of  the  vault,  not  upon  the 
construction  of  the  dorsal  cup,  nor  upon  the  structure  of  the 
arms  or  column,  upon  which  former  authors  have  founded  such 
divisions. 

The  discoveries  which  have  been  made  within  the  last  few 
years,  both  in  recent  and  extinct  Crinoids,  are  really  wonderful, 
and  lead  us  to  expect  large  additions  to  our  knowledge  in  the 
future.  I  observe  in  the  February  number  of  this  Journal, 
that  Professor  Thomson  has  discovered  at  great  depth  two  new 
genera  of  Apiocrinidoe,  one  of  them  resembling  in  superficial 
structure  the  genus  Poteriocrinus,  This  may  throw  new  light 
upon  the  physiology  of  the  extinct  types  and  solve  some  of  the 
questions  herein  suggested.  Other  discoveries  will  follow. 
The  labors  of  the  Zoologist  will  supplement  the  researches  of 
the  Paleontologist  and  through  their  properly  united  efforts,  we 
may  hope  in  time  to  comprehend  the  structure  of  the  Paleocri- 
ntdece  aln^ost  as  perfectly  as  if  they  were  yet  living  in  our 
oceana 


Art.  XXV. — On  some  Phenomena  of  Binocular   Vision;    by 
Joseph  LeContb. 

X.     The  structure  of  the  crystalline  lens  and   its   relation  to 
Periscopism.* 

The  following  thoughts  were  suggested  by  the  recent  memoir 
of  Dr.  Ludimar  Hermann  "On  the  passage  of  luminous  pencils 
obliquely  through  lenses,  and  on  a  related  property  of  the  crys- 
talline lens  of  the  (human)  eye,"f  in  connection  with  my  own 
recent  publication  **  On  the  comparative  physiology  of  Binocu- 
lar Vision."t       ' 

It  is  well  known  that  the  crystalline  lens  of  the  mammalian 
eye  increases  in  density  and  refractive  power,  from  the  surface 
to  the  center ;  so  that  it  may  b6  regarded  as  composed  of  ideal 

*  Bead  before  the  National  Academy  of  Sciences,  April,  1877. 

•f  Aichiyes  dea  Sdenoes,  vol  lii,  p.  66.        X  ^^^^  Jonr.,  voL  iz,  p.  168,  1875. 
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conceDtric  layers,  one  withiD  another  iDcreasing  in  density  and 
in  curvature  until  the  central  nucleus  becomes  a  very  dense 
and  highly  refractive  spherule. 

Evidently  this  structure  must  have  some  important  use  in 
vision  or  it  would  never  have  been  formed ;  but  the  question 
of  its  design  has  never  been  satisfactorily  settled.  It  is  usually 
regarded  as  intended  to  correct  spherical  aberration.  It  cer- 
tainly is  useful  in  this  way,  when  ike  pupil  is  greatly  expanded. 
But  m  strong  light,  when  the  pupil  is  greatly  contracted  and 
therefore  only  central  rays  reach  the  retina,  correction  is  noi 
needed^  because,  even  in  a  homogeneous  lens,  dberrcUtany  under 
these  circumstances,  is  inappreciable.  It  is  natural,  therefore, 
to  cast  about  for  some  other  purpose  subserved  by  this  v^y 
curious  and  universal  structure. 

Verv  recently  Dr.  Hermann  (loa  cit)  has  discovered  another 
optical  property,  conferred  upon  the  lens  by  this  structure — a 
property  which  he  regards  as  of  great  importance  in  perfect 
vision,  and  which,  therefore,  he  thinks,  entirely  explains  the 
design  of  the  structure.  It  is  the  property  of  forming  images 
of  ayecis  lying  on  the  margins  of  the  fieM  of  view,  far  more  per- 
fect than  coidd  be  Jormed  by  a  homogeneous  lens  of  the  same 
focal  distance.  And  since,  as  he  supposes,  perfect  images  of 
marginal  objects  necessitates  distinct  vision  of  these  objects, 
he  calls  a  lens  having  this  structure  periscopic 

By  matbematical  discussion  he  shows  that,  in  a  homogeneous 
lens,  while  the  central  rB,ya  from  radiants  near  the  middle  of 
the  field  of  view — i.  e.,  of  pencils  nearly  parallel  with  the  axis 
of.the  lens — ^are  brought  to  a  perfect  focal  point,  the  central 
rays,  from  marginal  radiants — ^i.  e.,  of  very  oblique  pencils — 
form  crossing  caustic  linea  The  refraction  in  the  former  case 
is  stigmatic,  in  the  latter  astigmatic.  Therefore  the  picture 
formed  by  such  a  lens  is  distinct  in  the  central  parts  and  very 
indistinct  on  the  margins.  Now  this  well  known  defect  of  a 
homogeneous  lens  Dr.  Hermann  shows  is  certainly  in  a  great 
measure,  probably  entirely,  removed  by  the  structure  pecuUar  to 
the  crystalline  lens.  For  m  the  case  of  a  lens  composed  of  con- 
centric laminae  increasing  in  density  and  curvature  to  the 
center,  the  astigmatism  of  oblique  pencils  is  greatJy  diminished, 
and  if  the  laminse  be  infinitely  thin,  probably  entirely  removed. 
The  picture  formed  by  such  a  lens  would  therefore  be  perfect 
in  all  parts,  even  to  the  extreme  margins.  The  crystalline  lensj 
therefore^  by  its  structure  is  endovoed  .with  the  property  of  form- 
ing distinct  imager  of  objects  lying  even  on  the  extreme  margins 
qf  the  field  of  view — of  forming  perfect  images  on  all  parts  of 
the  retinal  screen  even  to  the  extreme  anterior  margins.  It  is 
this  structure,  according  to  Dr.  Hermann,  which  gives  the  eye 
its  enormous  field  of  view,   compared   with  that  of   opti<^ 
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iDstrumente,  This  then  is  the  purpose  of  this  structure.  It 
gives  perisoopiam  to  the  eye. 

Such  is  a  brief  statement  of  Dr.  Hermann's  discovery,  and 
his  deductions  therefrom.  This  discovery  I  regard  as  very 
important,  but  his  deductions  in  regard  to  periscopism  of  the 
human  eye  cannot  be  received  without  important  modifications. 
For  it  can  be  shown  that  so  &r  as  perisoppism  is  concerned, 
the  peculiar  structure  of  the  lens  is  of  Utue,  if  any,  value  in 
man,^r  tvctnt  of  a  corresponding  suitable  reiinal  stntcture. 

In  order  to  show  this,  it  is  necessary  carefully  to  distinguish 
two  kinds  of  indistinctness  of  vision,  viz :  that  which  results 
from  indistinctness  of  the  retinal  imager  andrfthat  which  results 
from  imperfect  perception  of  the  imaga  The  former  has  its 
cause  in  the  properties  of  the  lens,  the  lattor  in  the  organiza- 
tion of  the  retina.  We  may  have  a  very  pecfect  perception  of 
an  imperfect  image,,  and  on  the  other  handiwe  mav  nave  so 
imperfect  a  perception  of  an  image  that  we  cannot  tell  whether 
it  is  perfect  or  not  If,  for  example,  I  hold  the  point  of  my 
pen  very  close  to  one  eye  (shutting  the  other)-,  and  look  at  the 
sky,  the  pen  point  is  very  indistinct,  because  the  retinal  image 
is  indistinct ;  but  my  perception  is  perfect  J  can  observe  with 
great  accuracy  (he  exact  degree  of  indistinctness.  This  is  an  exam- 
ple of  one  kind  of  indistinctness  of  vision.  .  But  if  I  hold  my 
pen  far  to  one  side,  on  the  extreme  verge  of  the  field  of  view, 
say  90°  from  the  direction  of  the  optic  axisy-the  pen  is  i^ain 
indistinct,  far  more  so  than  before,  but  from  an -entirely  differ- 
ent cause,  viz :  imperfect  perception  of  the  retirial  image.  My 
perception,  in  fact,  is  so  imperfect  that  I  cana<>t  tell  whether 
the  ima^e  is  distinct  or  not  This  is  an  example  of  the  other 
kind  of  indistinctness  of  vision.  v 

Now  of  these  two  kinds  of  indistinctness,  th^ilatter  is  by  far 
the  greater.  Objects  on  the  margin  of  the  fi^d  of  view  are 
perceived  as  objects,  and  nothing  more ;  their  form  cannot  be 
distinguished — they  attract  attention,  but  we  OMist  turn  the 
optic  axis  on  them  or  near  them  in  order  to  tell  ,what  they  are. 
For  example,  held  at  arm's  length  and  90°  from  ithe  usual  line 
my  pen  is  seen  only  as  an  elongated  object ;  at^°  the  shape 
is  still  indistinguishable — neither  the  point,  nor  thft  hole  through 
the  back,  can  be  seen  at  all,  though  projected  against  a  bright 
sky.  Only  at  80°-40°  these  begin  to  be  distingoi^ed.  Even 
within  a  few  decrees  of  the  optic  axis  the  perception  of  form  is 
still  very  imperfect  In  this  case,  however,  the  iodistinctness 
is  wholly  the  result  of  imperfect  perception,  not  lof  imperfect 
image.  I  cannot  perceive  whether  the  image  w  pertect  or 
imperfect — whether  the  outlines  are  blurred  or  sharply  defined. 

It  is  evident,  therefore,  that  the  retina  of  the  human  eye  is  so 
organized  (and  as  I  have  shown  in  my  previous  article,*  it  is 

♦Locdt 
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important  that  it  should  be  so  organized),  that  the  perception 
of  its  images,  good  or  bad,  is  most  perfect  in  the  central  spot, 
and  thence  becomes  less  and  less  perfect  toward  the  ante- 
rior margin,  where  it  finally  becomes  extremely  imperfect. 
Evidently,  therefore,  with  this  extremely  imperfect  mar^nal 
perception,  extremely  perfect  marginal  images  would  be  entirely 
useless.  Periscopic  structure  of  ike  lens  is  useless  because  periscopie 
perception  of  the  retina  is  wanting. 

True  periscopism,  i.  e.  the  power  of  distinct  vision  over  a  wide 
field  without  changing  the  direction  of  the  optic  axis,  is  there- 
fore a  product  of  two  &ctors,  viz :  1st,  a  periscopic  property  of 
the  lenSj  i  e.  of  making  distinct  marginal  as  well  as  central 
images ;  2d,  a  periscopic  property  of  the  retinaj  i.  a  of  distinctly 
perceiving  marginal  as  well  as  central  images.  Now,  Dr.  Her- 
mann has  left  out  the  second  factor,  and  thus  identified  peri- 
scopism of  the  lens  with  periscopism  of  the  eya 

I  think  it  (juite  certain,  therefore,  that  the  property  of  making 
distinct  marginal  images,  and  therefore  the  characteristic  lens 
structure,  in  so  far  as  it  subserves  this  purpose^  is  useless  in  man. 
Yet  it  seems  equally  certain  that  this  property  is  a  very  impor- 
tant one.  Where  then  shall  we  seek  its  use,  and  what  is  its 
significance  in  man?  I  believe  we  must  seek  its  use  in  the 
lower  animals,  where  it  originated.  In  man  it  must  be  r^arded 
as  an  example  of  a  structure  which  has  outlived  its  usefulness. 

We  have  already  shown  in  our  last  paper  (p.  170),  that  true 
periscopism,  or  distinct  vision  over  a  wide  field,  is  a  necessary 
condition  of  safety  in  many  of  the  lower  animals.  In  acoora- 
ance  with  the  law  of  evolution,  therefore,  an  ocular  structure, 
suitable  for  this  purpose,  must  be  gradually  formed  and  per- 
fected. This  ocular  structure,  as  we  have  just  seen,  consists  of 
two  parts,  a  lens  structure  to  produce  perfect  marginal  images 
and  a  rWzna^  structure  to  produce  eaual  perception  of  all  images, 
central  and  marginal,  both  of  these  were  developed  in  the 
highest  degree  in  many  of  the  lower  animals,  as  for  example  in 
the  ruminants.  But  in  the  highest  animals,  and  especially  in 
man,  as  we  have  shown  in  the  paper  referred  to,  this  equal  dis- 
tribution of  perception  is  inconsistent  with  fixed  attention  and 
thoughtful  observation,  and  therefore  with  the  development  of 
the  higher  faculties  of  the  mind.  The  uses  of  distinct  marginal 
perception,  viz :  breadth  of  distinct  view,  are  sacrificed  to  the 
higher  uses  of  distinct  central  perception  alone,  viz:  fixed 
thoughtful  attention  to  the  object  regarded  alona  Thus  with 
the  development  of  the  central  spot  of  the  retina,  distinct  mar- 
ginal perception  is  lost ;  because  the  uses  of  the  latter  are  incon- 
sistent with  the  higher  uses  of  the  former.  But  the  other  factor 
of  periscopism,  viz :  the  property  of  forming  distinct  marginal 
images,  is  retained  by  inheritance ;  because  though  no  long^ 
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useful  in  this  way,  it  is  in  nowise  hurtful  and  may  even  be  use- 
fal  in  other  waya 

But  I  have  aJso  (loc.  cit)  shown  the  cldse  relation  between 
the  development  of  the  central  spot  and  the  consequent  loss  of 

Eeriscopism,  and  the  development  of  true  binocular  vision, 
[ence  it  is  evident  that,  in  goin^  up  the' vertebrate  scale,  just 
in  proportion  as  the  central  spot  is  developed,  and  the  position 
of  the  eyes  is  adapted  for  binocular  vision,  the  characteristic 
structure  of  the  lens,  in  so  iar  as  it  is  designed  to  produce  per- 
fect marginal  images,  becomes  useless.  There  may  be,  how- 
ever, and  probably  are,  other  uses,  (e.  g.  correction  of  aberra- 
tion), which  this  structure  subserves  and  which  would  tend  by 
natural  selection  to  keep  up  the  structure.  It  would  be  ex- 
tremely interesting  in  tnis  connection  to  compare  the  lens  of 
the  human  eye  with  that  of  the  eye  of  the  ruminants.  In  so 
far  as  it  subserves  the  purpose  of  periscopism  the  characteristic 
structure  oucht  to  be  less  marked  in  the  human  eye,  since  its 
retention  is  due  to  inheritance  alone,  and  not  to  natural  selec- 
tion. If  it  is  not  less  marked  there  would  be  strong  reason  to 
suspect  that  periscopism  is  not  the  most  important  purpose  of 
this  structure. 
Berkeley,  CaL,  Jan.,  lSt7. 


Abt.  XXVI.  — On  Ethylidenargentamine  -  etkt/lidenammonium 
Nitrate ;  by  W.  G.  Mixter.  ConirHmlions  from  the  Sheffield 
Laboratory  of  Yah  College,     JTo.  XLIX. 

LiEBiG,  in  his  researches  on  aldehyde,*  examined  the  precipi- 
tate obtained  by  mixing  concentrated  solutions  of  alaehyae- 
ammonia  and  silver  nitrate.  His  analysis  of  it  shows  an  atomic 
relation  of  silver  1,  carbon  4,  and  hydrogen  11.  He  failed  to 
estimate  nitrogen  and  hence  did  not  obtam  a  formula,  but  con- 
cluded from  the  deportment  of  the  compound  with  acids  and 
alkalies  that  it  contained  aldehyde,  ammonia  and  nitric  acid. 

I  have  not  succeeded  in  getting  a  good  product  for  analysis 
by  mixing  simple  aqueous  solutions  of  aldehyde-ammonia  and 
silver  nitrate.  Decomposition  began  before  the  substance  could 
be  washed  with  alcohol.  This  decomposition  is,  however,  pre- 
vented, by  using  ammoniacal  solutions.  The  substance  is  solu- 
ble in  one  and  one-half  parts,  or  less,  of  concentrated  ammonia 
water,  and  is  still  less  soluble  in  pure  water.  In  the  first  experi- 
ment with  ammoniacal  solutions,  the  ammonia  was  rapidly  re- 
moved by  a  blast  of  air,  and  from  equal  weights  of  aldehyde- 
ammonia  and  silver  nitrate,  two  crops  of  very  small  white  crys- 
*  Liebig's  Ann.,  xiv,  147. 
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tals  were  obtained,  which  were  washed  with  alcohol,  and  dried 

over  oil  of  vitrioL     The  carbon  and  hydrogen  were  determined 

by  burning  with  lead  chromate,  the  nitrogen  by  Schiffs  method 

with  copper  oxide  and  displacement  of  air  by  a  slow  stream  of 

carbonic  acid,  and  the  silver  by  simple  ignition.     The  following 

results  were  obtained  from  the  two  crops  above  mentioned : 

Atomic  Galealftted  lor 
Ist  oron.         2d  isroD.  Mean. 

Carbon 

Hvdrogen 

Nitrogen 

SUver 

Oxygen 


Istorop. 

2d  crop. 

Mean. 

ratia 

0JL^^,Oa^, 

18-82 

18-83 

18-83 

3-9 

18-76 

4-31 

416 

4-23 

10-8 

8-91 

16-63 

16-65 

16-64 

3- 

16-41 

42-06 

41-99 

42-03 

1- 

42-18 

18-77 

3- 

18-75 

100-00 


100-00 


These  results  give  a  formula  diflferent  from  NO,  Ag  2(G,H3 
ONH4),  which  is  given  in  Watts*  Dictionary,  voL  i,  p.  108,  as 
probably  representing  the  substanca  Taken  together  witii 
Liebig's  analysis,  they  also  indicate  that  the  same  body  is 
formed  in  both  aqueous  and  ammoniaeal  solutions. 

C4H,pN303Ag  diflfers  from  two  equivalents  of  aldehyde- 
ammonia  and  one  equivalent  of  silver  nitrate  bv  two  molecules 
of  water,  thus;  2(C,H,ONH3)+AgN03-2ti[^0=0,H,,N, 
OjAg.  This  view  of  the  chemical  process  is  supported  by  the 
reactions  of  aldehyde  with  benzamide  and  anume,  in  which 
water  separates,  and  also  by  the. following  experiment:  29-2 
fframs  of  a  mixture  of  silver  nitrate  and  good  crystals  of  alde- 
hyde-ammonia, in  the  proportion  of  one  equivalent  or  17-  ^rams 
oi  the  former,  to  two  equivalents,  or  12*2  grams  of  the  Tatter, 
were  dissolved  in  40  c.  c.  of  concentrated  ammonia-water.  The 
solution  was  evaporated  in  a  weighed  dish,  first  by  a  blast  from 
a  laboratory  bellows  and  finally  over  oil  of  vitriol  until  the 
weight  was  constant  The  residue  weighed  25*446  grama  The 
weight,  according  to  the  above  formula,  should  have  been  25-600 
grams.  The  difference  of  0*155  grams  between  the  experimental 
result  and  theory  may  be  ascribed  to  the  slight  decomposition 
the  substance  had  undergone  in  drying,  which  was  shown  by 
the  small  black  residue  it  left  when  treated  with  ammonia- 
water. 

When  an  ammoniaeal  solution  of  aldehyde-ammonia  and 
silver  is  evaporated  at  20®  to  80°,  hydrous  monoclinic  transpar- 
ent crystals  separate,  which  do  not  change  rapidly  on  damp 
days,  out  become  opaque  with  loss  of  water  m  dry  weather. 
Together  with  the  hydrous  crystals,  small  poorly  defined,  tricli- 
nic  crystals  form  which  do  not  become  opaque  in  dry  air.  The 
latter  are  transparent  and  colorless,  or  more  frequently  have  a 
resinous  tinga  Dr.  E.  S.  Dana  has  studied  the  crystalhne  form 
of  both  the  hydrous  and  anhydrous  crystals,  and  gives  his  re- 
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suits  in  the  following  paper,  Art.  XXVIL  The  hydrous  crystals 
can  be  picked  out  before  losing  their  luster  if  the  atmosphere  is 
damp,  and  the  anhydrous  crystals  are  easily  distinguished  after 
the  former  have  become  opaque.  The  following  results  were 
obtained  on  good  monoclinic  crystals  which  had  been  dried, 
over  oil  of  vitriol,  and  on  transparent  anhydrous  crystals : 

Monodinlo  Tridinio  Oalculated  for 

dried  CTTftalB.  crjsUiB,  OiHi^NtOsAg. 

Carbon                   18-66  1852  18-76 

Hydrogen                408  4-12  3-91 

Nitrogen                 16r58  l«-64  16-41 

Silver                      42-03  41-97  42-18 

Oxygen           *  18-76 

100-00 
Specific  gravity,      2-13  2-28 

Melts  with  rapid  )  1300.1350        125^30^ 
decomposition  at  J 

To  determine  whether  the  monoclinic  substance  lost  any 
ammonia  on  drying,  nearly  two  grams  of  crystals,  not  entirelv 
free  from  the  triclmic  body,  were  heated  to  100**,  in  air  whicL 
traversed  a  caustic  potash  drying  tube  before  reaching  the  sub- 
stance and  then  passed  a  weighed  tube  filled  with  fragments  of 
caustic  potash.  The  substance  lost  in  weight  exactly  what  the 
latter  tube  gained,  and  the  water  thus  estimated  corresponded 
to  4*20  per  cent  The  following  results  were  obtained  by  dry- 
ing well  selected  monoclinic  crystals  in  a  desiccator  at  20**  to  80  : 

0*383    gram  lost  4*28        per  cent 

0-343       "       "     4-26  " 

0-437        "       "     4-23  « 

1-0604      «        «     4-24  " 

After  the  0*888  gram  had  obtained  a  constant  weight  in  the 
desiccator  it  was  exposed  for  half  an  hour  to  60**  without  further 
loss ;  in  three  a  uarters  of  an  hour  at  100°  the  loss  increased 
0*0025  gram  and  the  crystals  had  become  brown.  These  water 
determinations  lead  to  the  troublesome  formula  for  the  mono- 
clinic hydrous  crystals,  of  8(C^H,  oN303Ag)-f5HjO,  which 
represents  4*21  per  cent  of  water. 

Both  kinds  01  crystals  are  soluble  in  water,  very  soluble  in 
ammonia  water,  almost  insoluble  in  alcohol,  sparingly  soluble 
in  ammoniacal  absolute  alcohol,  and  both  give  a  silver  mirror 
when  thep:  aqueous  solutions  are  heated,  and  but  a  trace  of 
silver  remains  in  solution  after  continued  boiling.  With  hot 
potash  solutions  both  forms  give  the  same  odor  that  is  perceived 
when  aldehyde-ammonia  is  treated  with  potash.  Dilute  acids 
set  aldehyde  free,  and  warm  oil  of  vitriol  evolves  nitrogen  per- 
oxide fumes.  Both  turn  brown  at  100**,  the  monoclinic  crystals 
remain  brittle,  but  the  triclinic  substance  becomes  gummy  at 
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100*^  after  some  time.  The  triclinic  crystals  decompose  rapidly 
a  few  degrees  lower  than  the  monoclinic.  Both  kinds  appear 
to  be  permanent  in  dry  air.  On  recrystallizinff  the  monoclinic 
variety  some  triclinic  crystals  appear,  and  the  triclinic  form 
yields  on  recrystallizAtion  some  monoclinic  crystals. 

As  to  the  constitution  of  the  bodies  their  reactions  make  evi- 
dent that  they  contain  the  ethylidene  and  nitro  groups.  Thev 
are  plainly  analogous  to  the  ammonio-silver  nitrate,  which 
crystallizes  from  a  mixture  of  silver  i\itrate  with  excess  of 
ammonia  water  as  all  contain  (exclusive  of  crystal  water)  3 
atoms  of  nitrogen  and  8  atoms  of  oxygen  to  1  of  silver.  We 
may  therefore,  regard  them  as  amines,  and  may  show  their  rela- 
tion to  ammonia-silver  nitrate  as  follows : 

H,N  }  ^«^^»  CH3-CH=NH  \  ^8^^» 

In  accordance  with  the  requirements  of  the  now  received 
theories,  these  bodies  may  jbe  lormulated  as  substituted  ammo- 
nium nitrates,  viz : 

H4=N— O— NO,,  ammonium  nitrate. 

H  = 
TT  __-x^~N— O— NOj  argentamine-ammonium  nitrate. 

CH3CH— N— O— NO2    ethylidenargentamine- 

Hv    I  ethylidenammonium  nitrate. 

CH3-CH— N 

Ag 


Art.  XXVIT. — On  the  crystalline  form  of  the  hydrous  and  anhy- 
drous varieties  of  Elhylidenargentamine  -  ethylvdenammoniuta 
Nitrate;  by  Edward  S.  Dana. 

A.  Hydrous  Mhylidenarge?itamine'ethylidsnammonium  NUrate. 

The  hydrous  variety  of  ethylidenargentamine-ethylidenam- 
monium  nitrate,  described  by  rrofessor  Mixter  in  the  preceding 
article,  crystallizes  in  the  monoclinic  system.  The  observed 
planes  (see  figs.  1,  2)  are  as  follows : 

c(OOl),  rf(lll),  ^(111),  «(011),  and  rarely  &  (010). 

From  the  measurement  of  a  considerable  number  of  crystals 
the  following  were  obtained  as  the  fundamental  angles : 
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c  (001)  ys  6  (Oil)  =  69"*    2' 

c(OOl)  y^d{lll)  =  78°  35' 

rf(lll)   ^  <r(iri)  =  60^60' 

From  these  angles  the  elements  of  the  crystals  were  calculated, 
viz: 

c :  5 :  a  =  4-32645 : 1-65788  :  100000 
/3  =  89**  43'  52' 

Other  important  angles,  calculated  from  the  same  data,  are  as 
follows : 

c  (001)  A.  g  (111)  =  79°  2' 
g(in)  ^  g'(in)=  60°56' 

d  (111)  ys  g  (111)  =  114°  17' 
d(lll)  /^  6(0ll)=  66°  18' 
^(ill)y^  €{0U)=  65°  5' 
d  (111)  ys  c'(O^l)  =  122°  56' 
g  (111)  /^  6'(0ll)  =  122°  48' 
rf(lll)  /^  6(010)  =  59°  35' 
^(111)  /^   6(010)  =    59°  32' 

The  measured  angles  agreed  quite  closely  with  the  calculated 
angles  when  the  character  of  the  planes  was  such  as  to  admit 
of  satisfactory  observations.  This  will  be  seen  from  the  follow- 
ing examples,  being  the  angles  measured  on  different  crystals 
for  d^^d'  and  c^^c: 

rfy^d'=60°50',  60°47',  60°46',  60°47',  60°51',  60°52',  60°50',  eta 
C/^cfc=78°35',  78°39',  78°40',  78°38',  78°34',  78°40',  78°88',  78°86', 
eta 

In  manjr  cases,  however,  the  planes  were  by  no  means  Satis- 
factory, being  generally  polishea  and  yet  far  from  smooth,  and 
hence  the  reflections  given  by  them  were  more  or  less  uncer- 
tain. The  planes  g,  g'  were  quite  uniformly  striated,  and  hence 
the  measurements  made  upon  them  were  always  unreliable. 
The  following  angles  were  all  obtained  from  a  single  crystal ; 
the  wide  variations  from  the  calculated  angles  observed  in  some 
cases  are  due  to  the  cause  named : 

(cysrf=78°27'  jrfy^^=il4°12'*  rfys(r=  60°  46' 

]  c  ys(r=78°  38'  ]  (f  ys^=114°    7'  g  y^jr'=  60°  46' 

j  c  A^g  =78°  10'  \dAsC=  66°  52'  i  g  A.e  =i  65°  41' 

(  C  yK^'=78°  30'  (  a^c'=z  66°  23'  (  ^/^  6'=  66°  33' 

j  c'y^e  =69°    3'  j  d  ys6'=122°  51'  {gys,  e'=122°  57' 

(c'/^6'=69°    2'  ((rys6=122°30'  ( ^/^€=123°33' 
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The  crystals  examined  were  quite  small,  averaging  from  one 
to  two  millimeters  in   length.      The  are  generally  rhombic 


(       ^' 

1 

y     \ 

\\  *' 

1^    // 

V\ 

(fig.  1)  at  one  extremity,  and  hexagonal  in  outline  on  the  other; 
occasionally,  however,  from  the  extension  of  the  clinodomes 
they  take  the  form  of  hexagonal  tables  (fig.  2).  The  hemihedral 
character  of  the  crystals,  shown  in  the  figures,  is  a  marked 
feature  which  they  all  possess.  No  trace  of  either  of  the  miss- 
ing pyramids  or  clinodomes  was  in  any  case  discovered ;  a  few 
isolated  crystals  of  apparently  holohedral  development  were 
without  exception  found  by  optical  means  to  be  twins,  though 
showing  no  reentrant  angles.  Other  twins  had  the  form  of 
fig.  2.    The  twinning-axis  is  here  a  normal  to  the  basal  plane. 

The  cleavage  is  bighly  perfect  parallel  to  the  base  (c),  and  the 
crystals  have  a  pearly  luster  on  tnis  face. 

The  examination  of  the  optical  properties  of  the  crystals 
proves  that,  though  the  angle  of  obliquity  is  small  (89°  44'), 
they  unquestionably  belong  to  the  monoclinte  system,  and,  on 
the  other  hand,  that  they  are  not  triclinia 

A  natural  crystal,  or  still  better  a  cleavage  section,  viewed 
in  the  polariscope  in  a  direction  normal  to  the  basal  plane  (c), 
shows  the  biaxial  interference  figures  most  satis&ctorily.  The 
axes,  however,  do  not  lie  in  the  center  of  the  field,  but  slightly 
on  one  side  in  the  direction  of  the  pyramids  d^  d! ;  thus  showing 
that  the  plane  of  the  optic-axes  is  not  quite  normal  to  the 
base.     The  horissontal  dispersion  is  also  very  strongly  marked. 

A  section  cut  parallel  to  the  clinopinacoid  and  examined  in 
the  polariscope  of  Groth,  shows  that  the  acute  bisectrix  for  blue 
rays  makes  an  angle  of  8^  with  a  normid  to  the  base  (c),  being 
inclined  forward  (see  fig.  1)  toward  d,  while  the  same  angle  for 
red  rays  is  6J^ 

The  apparent  optic-axial  angle  in  air  was  obtained  with  con- 
siderable exactness : 

2E=68*'  28'  for  red  rays,  =67''  80*  for  blue  ray&  The  ordi- 
nary dispersion  is  consequenUv  /o>u;  the  dispersion  of  the 
bisectrices,  on  the  other  hand,  t;>p.  The  character  of  the 
double  refraction  is  negative. 

The  twins  (see  fig.  2)  gave  interference  figures  of  great  beauty, 
both  sets  of  axes  being  visible,  situated  symmetrically  on  either 
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side  of  the  medial  line*  The  apparent  angle  between  the  two 
axial  planes*  measured  in  the  usual  way,  was  found  to  be  81^ 
for  blue  and  25**  for  red.  The  true  angles  corresponding  to 
these,  obtained  with  the  stauroscope,  are  16°  and  11°  respec- 
tively. The  first-mentioned  angles,  however,  are  not  suflBciently 
accurate  to  serve  for  the  calculation  of  one  of  the  indices  of 
refraction^ 

R  Ankydfota  E^Kd^Mrgentamine-^hylidenammanium 

nitrate. 

The  crystals  of  the  second,  or  anhydrous,  variety  of  this 
compound  belonff  to  the  triclinic  system.  Unfortunately  th^ 
material  which  JProi  Mixter  has  thus  far  s. 

been  able  to  put  into  mv  hands  has  been 
much  too  imperfect  to  allow  of  exact  deter- 
mination. The  crystals  are  small  and  the 
planes  uniformly  rough  and  uneven,  so  that 
the  measured  angles  with  an  occasional 
exception  cannot  be  relied  upon  within  less 
than  30'. 

The  crystals  are  quite  uniform  in  habit, 
and  figure  8  represents  as  closely  as  possible  -,    - 

the  common  form.  The  crystal  is  placed  in  the  position  given 
in  order  to  exhibit  the  close  approximation  to  the  monocltnh 
form.    «,  y,  h  are  planes  of  the  lower  side,  and  a'  is  opposite  a. 

The  angles  measured  on  one  crystal  are  as  follows : 

a  (100)^^(111)  =  57°  20'        a  (100)^^(111)  =:  65°  10* 
«'(100)AA(ilI)  =  58°   2'        a'(l"00)Ae(iri)=s04°    4^ 
^  (iu)^e(lli)  =  66°44' 
These  angles  point  to  a  form  having  an  obliquity  in  a  vertical 
direction  of  about  5°,  but  very  slightly  inclined  in  a  horizontal 
direction.     The  measuremente  for  a  (100)  a i  (010)  gave  in  the 
best  case  90°  10',  and  again  90°  20'.     The  variation  from  90**  la 
here  within  the  possible  error  of  observation,  owing  to  ih^ 
imperfect  character  of  the  planes ;  the  question  was  not  decided' 
consequently,  until  a  stauroscope  examination  showed  that  tW 
plane  of  vibration  for  the  light  was  not  normal  to  h  (0X&\  bat 
made  an  angle  of  about  18°,  thus  proving  the  tridinio  iksAxkr^oi 
the  crystals. 

The  measured  angles,  as  has  been  stated,  are  not  sirfftciently 
reliable  to  give  the  axial  ratio  calculated  from  them  any  especial 
value ;  the  approximate  values  of  the  axes  are,  e==l-46^  J=l-98, 
a=l.  The  hemihedral  character  of  the  crystal  figured  is  true 
of  all  the  crystals,  and  the  examination  in  tbe  stauroscope 
failed  to  show  any  evidence  of  twinning.  The  crysUds  were 
not  suited  for  any  further  optical  examinations. 
Am.  Joan.  8oi.^Thibd  SniBS,  Vol.  XTV,  Na  81.-«bpt.,  1ST7; 
14 
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Art.  XXVUL — On  the  relations  of  the  Geology  of  Vermont  to  that 
ofBerkskii^;  by  James  D.  Dana. 

[Continued  from  page  140.] 

CONCLUSIONS  AS  TO   THE   RELATIONS  OP  VERMONT  AND  BERK- 
SHIRE GEOLOGY. 

The  conclusioDS,  which  flow  from  the  fact,  illustrated  in  the 
two  preceding  numbers  of  this  Journal,  that  the  limestone 
areas  of  Vermont  and  Berkshire  are  geologically  one,  may  be 
presented  under  the  following  heads : 

1.  Chronological  conclusions :  or  the  equivalence  and  age  of 
the  formations. 

2.  Lithological  conclusions. 
8.  Orographic  conclusions. 

And,  as  a  sequel  to  this  discussion,  I  propose,  next,  to  pre- 
sent stratigraphical  facts  bearing  on  the  geological  relations 
between  the  area  which  has  been  under  consideration  and  the 
country  lying  to  the  southward  and  eastward  of  it,  in  Connecti- 
cut and  New  York. 

I.    Chronological  Conclusions  :    or  the  Equivalence  and 
Age  op  the  Formations. 

1.  Age  of  the  Limestone  series  as  a  whole. — From  the  facts 
brought  forward  it  is  manifest  that  the  limestone,  schists  and 
quartzyte,  making  up  the  limestone  series  of  Vermont  and 
Berkshire,  are  continuotis  formations,  and  that  they  are  con- 
formable throughout.  Hence  we  have  proof  that  the  conclusions 
deduced  for  Vermont,  from  Mr.  Wing's  discoveries,  are  true 
also  for  Berkshire:  namely,  that — 

(1.)  The  limestone  series  is  made  up  wholly  of  Lower  SUurian 
formations;  that  is,  of  formations  not  older  than  the  Primordial 
or  Cambrian,  nor  newer  than  the  Cincinnati  or  Hudson  River 
group. 

(2.)  All  these  formations  were  upturned  and  metamorphosed 
together  at  one  mountain-making  epoch,  no  epoch  of  disturb- 
ance having  intervened ;  and  that  upturning  occurred  after  the 
laying  down  of  the  most  recent  of  the  formations  in  the  series. 

2.  Age  of  the  Taconic  slates^  and  of  the  limestone  immediatdy 
adjoining.^T\\Q  Taconic  mountains  of  western  Btrkshire  are  a 
direct  continuation  of  the  "Great  central  slate-belt"  of  Vermont 
The  two  make  one  range  and  one  rock -formation,  and  consist 
of  the  same  kinds  of  rocks  similarv  upturned.  They  are  alike 
also  in  dividing  off  a  western  band  of  limestone  from  the  main 
limestone  area — that  extending  through  West  Cornwall  in  Ver- 
mont, and  that  of  Hillsdale,  Copake  and  Millerton,  in  New 
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York.  In  Vermont  the  Taconic  slates  (those  of  the  central 
slate-belt)  overlie  the  adjoining  limestone  in  one  or  more  syn- 
clinals, as  plainly  shown  in  Mount  Dorset,  Danby  Mountain, 
Equinox  Mountain,  Spruce  Peak  in  Arlington,  and  Mount 
Anthony  in  Bennington ;  and  in  Berkshire  they  have  the  same 
position,  as  observed  in  Graylock  and  Mount  Washington* 
Hence  in  both  States  the  Taconic  slates  overlie^  or  are  younger 
thany  the  adjoining  limestone. 

In  Vermont,  as  Mr.  Wing  has  shown,  the  limestone  nearest 
the  slate  contains,  in  several  places,  Trenton  fossils  {Trinucleus^ 
etc.),  and  at  West  Eutland,  Chazy  fossils  {Maclurea^  etc)  if  not 
also  Trenton ;  and  the  slates  are,  therefore,  as  has  been  already 
stated,  younger  than  the  Trenton  limestone  of  that  region  and 
belong  probably  to  the  Hudson  Eiver  or  Cincinnati  group.  If 
this  be  true  in  Vermont,  the  Taconic  range  in  Berksnire,  since 
it  is  part  of  the  same  slate-belt,  consists  of  rocks  younger  than 
the  Trenton,  and  is  therefore  either  of  the  Upper  Trenton  or  of 
the  Hudson  River  or  Cincinnati  group. 

It  mav  be  questioned  whether  the  Gi-aylock  Spur  should  be 
included  with  the  Taconic  range,  since  it  stands  to  the  east  of 
it  But  the  resemblance  in  its  rocks  to  those  of  the  Taconic 
range,  coupled  with  its  position  stratigraphically  above  the 
adjoining  limestone^  just  as  in  Mount  Anthony,  Equinox  Moun- 
tain, Mount  Eolus  and  other  peaks  in  the  slate-belt  of  Vermont, 
make  it  almost  certain  that  the  age  of  one  is  the  age  of  the 
other,  as  first  observed  by  Emmons. 

The  Berkshire  limestone  of  the  band  adjoining  the  Taconic 
range  is  mostly,  if  not  wholly,  non-magnesian,  like  that  of 
Vermont  Hence  its  constitution,  as  well  as  its  position,  makes 
it  altogether  probable,  that  it  is  Trenton  or  Chaz^,  as  in  Ver- 
mont The  limestone  west  of  the  Taconic  range  in  Hillsdale, 
Copake  and  farther  south,  must  also  be  Trenton  or  Chazy  since 
this  is  true  for  that  similarly  situated  in  Vermont;  and,  more- 
over, it  is  the  west  side  of  one  and  the  same  synclinal  flexure, 
the  limestone  on  the  east  side  of  the  Taconic  range  passing 
beneath  and  coming  up  again  on  the  west  side. 

8.  The  Limestones  and  Schists  of  the  Eastern  half  of  the  limestone 
area. — Like  the  Taconic  slates  to  the  westward,  these  more 
eastern  rocks  in  Berkshire  are  a  continuation  of  those  north  of 
them  in  Vermont  The  quartzyte  is  not  all  in  one  range  in 
either  State;  but,  whether  in  one  or  several  ranges,  it  is  alike 
from  north  to  south  in  belonging  especially  to  the  more  eastern 
part  of  the  limestone  area.  Hence  whatever  is  true  of  the  age  of 
the  quartzyte  in  one  State  is  almost  certainly  true  in  the  other. 

Further,  whatever  the  range  of  age  in  the  more  eastern  of  the 
limestones  of  Vermont,  the  same  is  the  probable  range  of  that 
in  Berkshire  and  farther  south.    Like  the  Vermont  limestone 
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then,  the  Berkshire  limestone  of  the  middle  and  eastern  half  of 
'the  area  may  include  the  Calciferous,  Quebec,  Chazj  and  Tren- 
ton formations,  and  perhaps  also  the  Primordial ;  but,  since  there 
are  no  fossils  to  fix  the  precise  age,  the  areas  of  these  different 
formations  in  Berkshire  cannot  be  separately  distinguished. 

4.  The  age  of  the  Quartzyte  formation^  and  its  relation  in  position 
to  the  adjoining  limestone, — The  quartzyte  formation  includes,  as 
has  been  explained,  strata  of  quartzyte  and  schists — sometimes 
one,  and  sometimes  the  other,  predominating.  The  special  age 
of  the  formation  is  in  doubt,  equally  with  that  of  the  eastern  lime- 
stones. There  may  be  quartzytes  of  different  periods  of  the 
Lower  Silurian  ;  and  so  with  the  schists.  The  question  of  age 
can  be  positively  answered  only  by  the  discovery  of  decisive^ 
fossils  in  the  quartzy tes  of  Vermont ;  and  so  many  imperfect 
forms  have  already  been  brought  to  light  (besides  the  unsatis- 
factory worm-burrows,  and  Fucoids  or  worm-tracks)  that  we 
mav  feel  sure  the  future  will  clear  away  the  doubts.  A  word  is 
addfed  beyond  (p.  207)  on  two  of  the  forms  thus  far  discovered. 

One  important  point — the  position  of  the  quartzyte  with 
reference  to  the.  associated  limestone — is  well  illustrated  in 
Berkshii^e.  Mr.  Wing,  in  his  explanations  of  the  Vermont 
sections  (pp.  410,  411  of  the  last  volume  of  this  Journal),  makes 
this  limestone  to  overlie  the  quartzyte,  and  to  be  the  equivalent 
of  the  "subcrystalline  limestone"  which  overlies  the  iled  Sand- 
rock  on  the  west  side  of  the  limestone  area — the  quartzyte 
being  in  his  view  the  same  rock  with  the  Bed  Sand-rock.  It  is 
to  be  noted,  however,  that  the  sections  themselves  do  not  indi- 
cate whether  the  limestone  is  overlying  or  underlying,  and 
may  be  explained  as  well  on  one  supposition  as  the  other. 

/n  Berkshire,  beyond  all  reasonable  doubt,  the  eastern  quartzyte 
formation  overlies  the  adjoining  limestone. 

The  most  distinct  and  positive  proof  of  the  superposition  of 
the  quartzyte  over  limestone  that  I  have  observed  is  that 

19. 


Three-mile  Ridge,  west  side     "^ 7 i~ 

of  Konkaput  Vallej,  Devany's  Quarry,  east  aide  of  Konki^t  Valky. 

afforded  by  sections  either  side  of  Konkaput  Valley— a  locality 
brought  to  my  attention,  as  I  state  in  my  memoir  of  1872-5, 
by  Dr.  R  P.  Stevens.     The  figures  of  the  sections  of  Devany's 
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Bluflf  and  Three-mile  Ridge,  which  face  one  another  on  oppo- 
site sides  of  the  valley,  are  here  repeated  from  page  45  of  tnis 
voluma  In  each  of  the  sections,  qaartzyte  strata  and  over- 
lying schists  of  great  thickness  rest  on  the  limestone  which 
outcrops  in  the  valley.  The  dip  is  small  (8°-26°,  p.  46). 
The  limestone  is  plainly  at  the  bottom ;  and  it  is  strattgraphi- 
caUy  so,  unless  there  has  been  a  flexing  of  the  strata  ana  an 
overturned  fold  at  the  place.  Nothing  in  the  r^'on  suggests 
that  there  has  been  such  an  overthrow ;  the  facts,  on  the  con- 
trary, prove  the  flexure  which  the  strata  have  undergone  to  be 
a  gentle  one.  As  has  been  stated,  the  two  ridges  stand  oppo- 
site one  another,  not  quite  a  mile  apart  In  the  eastern,  the 
dip  is  20**-25°  to  the  northeastward ;  in  the  western,  about  the 
same  to  the  northwestward.  The  series  of  rocks  from  below 
upward,  limestone,  quartzyte,  schist,  of  one  side,  is  repeated  in 
the  other,  and  the  schist  of  the  west  side  has  a  thickness  of 
several  hundred  feet  like  that  of  the  east  All  the  conditions 
are  those  of  a  low  anticlinal  spanning  the  valley;  and  one 
whose  axis  dips  geutly  northward,  and  whose  sides  flare  south- 
ward or  southwam  and  eastward.  The  valley  south  of  Devany's 
Bluff  widens  much  to  the  eastward  and  has  its  lakes  with  lime- 
stone about  them. 

Besides  this,  the  rocks  of  the  gentle  anticlinal  are  continued  in 
the  high  land  either  side  in  a  broad  shallow  synclinal — the  high 
land  synclinals  and  the  anticlinal  valley  between  covering  a 
breadth  from  east  to  west  of  ten  miles,  (a)  In  the  synclinal  to  the 
west  (between  the  Konkaput  vallev  and  Great  Barrington),  the 
schist  has  first  a  dip  northwestward  of  8^  to  26^,  but,  after  three- 
fourths  of  a  mile,  the  dip  is  eastward  20^  to  26°,  and  finally  40° 
to  60°,  just  east  of  Great  Barrington.  (6)  In  that  to  the  east^ 
the  dip  is  6°  to  25°  to  the  northeastward,  over  the  high  land  and 
mountainous  region  all  the  way  east  from  Devauy's  bluff  to  the 
village  of  Monterey  ;  but  on  the  northeastern  side  of  this  high 
land,  at  the  village  of  Tyringham,  and  at  South  Lee,  it  is  to  the 
southwestward.  A  section  between  Monterey  and  Tyringham, 
east  of  north  in  course,  shows  the  change  of  dip.  The  limestone 
about  Monterey  dips  25°  to  the  northwest ;  along  the  highest 
part  of  the  road,  the  gneiss  and  mica  schist  of  the  hills  outcrop 
and  have  the  same  dip  and  strike ;  descending  to  Tyringham, 
five  miles  to  the  north,  the  dip  diminishes,  and  for  the  last  mile 
is  reversed,  being  to  the  southwestward ;  finally,  at  Tyringham, 
the  limestone  comes  into  view  again  overlaid  by  the  same  Kinds 
of  gneiss  and  mica  schist,  with  a  dip  of  15°  to  25°. 

Thus,  both  east  and  west  of  the  Konkaput  anticlinal  there  is 
as  gentle  a  synclinal ;  and  hence  the  idea  of  an  overturn  cannot 
be  reasonably  entertained.  It  appears  to  be  a  general  rule,  for 
the  eastern  or  quartzyte  part  of  the  limestone  area  as  well  as 
the  western,  that  the  valleys  are  eroded  anticlinalsy  and  the  ridges 
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or  areas  of  high  land  are  st/nelinah,  a  rule  exemplified  exten- 
sively in  the  continuation  of  the  Appalachians  from  Pennsyl- 
vania to  Alabama,  where  the  facts  are  little  obscured  by  meta- 
morphism.  The  position  of  the  limestone  beneath  the  quartzyte 
and  schists  along  the  Koukaput  is  then  the  original  position. 

This  underlying  of  the  thick  quartzyte  and  schists  by  lime- 
stone appears  to  be  a  fact  in  many  other  parts  of  the  Berkshire 
region,  as  in  Monument  Mountain,  in  quartzyte  ridges  east  of 
Tom  Ball,  and  elsewhere,  though  these  examples  are  not  as 
free  as  the  above  mentioned  from  other  supposable  explana- 
tiona  The  evidence  is  complete  with  or  without  them,  that 
the  auartzyte  and  the  associated  schists  in  some  prominent  cases 
in  nerkshire^  if  not  all^  overlies  limestone.  In  such  cases,  ac- 
cordingly, the  limestone  is  the  older  formation  of  the  two;  and 
this  is  as  true  for  Vermont  as  for  Berkshire.  And  where  so  in 
either  State  the  quartzvte  and  the  associated  schists  constitute 
synclinals  or  monocUnals — not  anticlinals. 

There  is  another  argument  favoring  the  view  that  the 
quartzyte  is  in  synclinals.  It  may  be  questioned  whether  lofty 
anticlinals  of  quartzyte  are  a  possibility.  The  quartzyte  was 
originally  a  deposit  of  sand,  or  a  sandstone,  of  great  thickness. 
Now  such  a  sand-bed  or  sandstone,  raised  into  a  close  and  lofty 
anticlinal  flexure  so  as  to  have,  as  in  Vermont,  and  in  some 

Earts  of  Berkshire,  a  dip  of  40°  or  50°,  would  be  sure  to  have 
een  very  profoundly  broken  by  the  strain ;  and  thus  broken, 
it  would  have  been  exposed  to  erosion  and  destruction,  and 
even  to  removal  so  as  to  leave  a  valley  in  its  place,  as  has  been 
the  usual  fact  in  the  Appalachians ;  while,  if  bent  up  into  a 
synclinal,  whether  shallow  or  deep,  the  pressure  would  tend  to 
promote  compactness,  consolidation,  and  preservation.  Hence 
the  existence  of  the  quartzyte  formation  in  lofty  ridges  is 
strongly  against  its  being  in  anticlinals. 

If  then  the  quartzyte  ridges  are  not  anticlinals,  the  limestone 
is  the  inferior  stratum. 

Again  :  if  the  quartzyte  is  Primordial,  the  underlying  lime- 
stone is  inferior  Primordial.  Consequently,  the  quartzjpte 
formation  should  be  elsewhere  found  separating  this  inferior 
Primordial  limestone  from  the  limestones  of  the  Calciferous, 
Quebec,  Chazy  and  Trenton  perioda  But  the  fact  is  that  this 
limestone  which  underlies  the  quartzyte  is  in  many  places  in 
Vermont  continuous  with  the  rest  of  the  limestone  formation, 
one  area  of  limestone  stretching  from  the  quartzyte  quite  to  the 
Taconic  slate-belt  where  are  Trenton  and  Chazy  fossils  in  it  We 
naturally  inquire — ^how  under  these  circumstances  can  it  be  that 
the  quartzyte  formation  belongs  any  where  between  the  Trenton 
and  that  inferior  limestone?  Is  it  not  necessarily  superior  to 
all  the  continuous  Lower  Silurian  limestone  formation  ?  But 
if  thus  superior,  the  quartzyte  is  not  Primordial ;  it  is  not  the 


Digitized  by  VjOOQIC 


Equivalence  and  Age  of  the  Formations.  207 

equivalent  of  the  Eed  Sandrock ;  it  is  even  related  in  age  to 
the  Taconic  slates ;  these  overlying  a  western  portion  of  the 
limestone  and  the  quartzyte  formation  an  eastern.  If  so,  the  east- 
em  quartzyte  formation  is  of  the  age  of  the  later  Trenton^  or  the  Gin- 
cinnati  groupj  both  in  Vermont^  Berkshire  and  Connecticut 

It  will  be  remembered  that  the  axis  of  the  iron-ore  belt  is 
situated  in  the  vicinity  of  the  quartzyte  in  Vermont,  but  in  the 
vicinity  of  the  Tacomc  range  m  Berkshire;  and  even  west  of 
the  Taconic  range  for  the  region  south  of  the  latitude  of  mid- 
dle Berkshire  (this  vol.,  p.  183).  Thus  the  quartzyte  and  the 
Taconic  slates  have  the  same  geological  relation  to  the  iron  ore 
belt;  and  this  again  suj^gests  the  idea  that  the  two  are  of  the  same 
age — both  of  the  Cincinnati  or  Hudson  Biver  group  if  one  is. 

These  remarks  make  apparent  the  difficulties  and  doubts  sur- 
rounding the  question  as  to  the  age  of  the  quartzyte,  doubts 
which  onlv  new  discoveries  of  fossils  can  wholly  set  aside. 

The  collections  of  Yale  College  contain  specimens  of  the 
*' Modiolopsis"  and  "Orthoceras"  reported  by  the  Vermont 
Eeport  as  occurring  in  the  Quartzyte,  which  were  received  by 
me  from  the  late  Professor  Adams,  many  years  since,  when  he 
had  charge  of  the  earlier  uncompleted  survey  of  that  State. 
There  is  but  one  specimen  of  each — not  enough  for  a  decided 
opinion  about  them.  Quite  recently  I  have  seen  other  specimens 
in  the  Amherst  College  Museum.  One  is  a  piece  of  quartzyte 
with  many  casts  of  one  valvd  of  the  so-called  "  Modiolopsis ;'' 
and  another  contains  several  of  the  "  Orthoceras ;"  and  I  have 
found  that  both  are  unquestionable  fossils.  The  former  is  the 
shell  of  a  small  lamellibranch  about  six  and  a  half  lines  long 
and  five  broad.  The  so-called  Orthoceras  is  a  slender  conical 
tube  filled  with  quartzyte;  and  it  was  apparently  without  septa 
— no  remains  of  theip  being  present  within ;  the  specimen  in 
the  Yale  collections  has  a  length  of  0*6  in. :  a  diameter,  at  the 
larger  (broken)  end,  of  0*24  in.,  and,  within  a  twentieth  of  an 
inch  of  the  smaller  rounded  end,  of  iust  half  this.  It  appears 
to  be  a  Theca-like  speciea  The  lamellibranch  seems  to  indicate, 
as  Professor  James  Hall  concluded,  that  the  quartzyte  is  not 
Primordial,  and  that  it  must  be  later  in  age. 

The  facts  that  have  been  reviewed  have  established :  (1)  The 
Lower  Silurian  age  of  the  limestone  series  as  a  whole ;  (2)  the 
unity  of  position,  and  of  epoch  of  uplift,  of  the  series ;  (8)  the 
very  probable  Trenton  and  Chazy  age  of  the  limestone  ad- 
joining the  whole  of  the  Taconic  slate-belt  or  range ;  (4)  the 
equally  probable  Upper  Trenton  or  Cincinnati  age  of  the  Ta- 
conic rocks.  But  the  age  of  the  more  eastern  portion  of  the 
limestone  and  of  the  quartzyte  and  schists  remains  undeter- 
mined. My  opinion  is  that  the  quartzyte  will  be  found  to  be 
newer  than  the  Bed  Sandrock,  and  of  the  same  age  essentially 
as  the  Taconic  slates. 

[To  be  oontinaed.] 
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Abt.  XXIX. — On  the  preparation  of  Cylinders  of  Ziroonia  for  the 
Chcy-hydrogen  Light;  bv  JoHN  Chbistophsb  Draper,  ALD^ 
LL.D.,  Professor  of  Natural  History  in  the  College  of  the 
City  of  New  York. 

SuGGKSS  in  the  use  of  the  microscope  for  the  purpose  of  pro- 
jecting magnified  representations  of  microscopic  oojects  on  a 
screen  depends  primarily  upon  the  light  employed,  especially 
when  hign  powers  are  usra,  as  for  example,  a  quarter  inch 
objective.  To  answer  the  purpose  in  question  the  light  must 
possess :  1st,  intrinsic  brilliancy ;  2d,  the  brilliancy  must  be  as 
nearly  as  possible  invariable;  8d,  it  must  retain  its  fixity  of 
position  in  the  optical  axis  of  the  apparatus. 

If  the  experimenter  has  a  good  heliostat,  the  light  from  the 
sun  fulfills  tnese  conditions  better  than  any  artificial  light ;  but, 
experience  teaches  the  unwelcome  lesson  that  though  sunlight 
is  preferable  to  any  other,  it  scarcely  ever  happens  that  it  is 
available  at  the  time  it  is  wanted.  The  weather  is  almost  cer- 
tain to  be  either  cloudy  or  hazy  just  at  the  hour  when  it  is 
desired  to  make  an  important  demonstration,  and  the  lecturer 
is  obliged  to  postpone  it,  thereby  lessening  its  value,  and  often 
entirely  losing  its  effect  The  selection  of  the  best  artificial 
light  therefore  becomes  a  matter  of  importance  to  those  who 
desire  to  secure  the  advantages  to  be  derived  from  the  success- 
ful demonstration  of  such  microscopic  objects  as  preparations 
of  animal  and  vegetable  tissues,  animalcules,  the  circulation  of 
the  blood,  etc 

The  artificial  lights  possessed  of  sufficient  intrinsic  brilliancy 
are:  Ist,  the  electric  arc  or  light;  2d,  the  magnesium  ribbon 
light;  8d,  the  oxy -calcium  light;  4th,  the  oxy-magnesium 
light ;  and  6th,  the  oxy -zirconium  light.  The  first  has  greater 
brilliancy  than  any  other  in  the  list,  but  in  addition  to  fifty  or 
one  hundred  cups  of  a  nitric  acid  or  bichromate  battery  a  good 
regulator  is  also  necessary :  this  involves  a  very  considerable 
expenditure  of  money,  and  even  when  this  is  made,  the  labor 
ana  trouble  required  to  manage  the  battery,  and  the  continued 
change  in  the  part  of  the  carbK>n  electrodes  between  which  the 
arc  of  light  passes  renders  its  use  unsatisfe^tory. 

The  magnesium  ribbon  light  has  the  great  disadvantage  of 
the  emission  of  fumes  of  oxide,  which  coat  the  surfoce  of  the 
condensing  lenses  in  spite  of  all  attempts  to  dispose  of  it  other- 
wise. The  light  also  is  not  concentrated  on  a  small  fixed 
surface ;  but,  is  emitted  from  a  varying  length  of  ribbon. 

The  oxy -calcium  light  produced  by  projecting  the  flame  of 
mixed  oxygen  and  hydrogen  gases  upon  a  cylinder  or  pencil 
of  calcium  oxide  is  the  one  generally  employ ea.    It  is  fixed  in 
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its  position  ia  the  optical  axis  of  the  apparatus,  it  is  thrown 
into  operation  with  comparative  facility  when  cylinders  con- 
taining the  compressed  gases  are  available,  and  it  has  sufficient 
intrinsic  brilliancy  for  the  majority  of  experiments.  The  diffi- 
culties in  the  way  of  its  use  are  however  serious,  and  it  is  very 
desirable  that  they  should  be  lessened.  Thej^  arise  chiefly 
from  the  volatility  of  the  calcium  oxide  at  the  intensely  hign 
temperature  employed.  The  volatilized  material  depositing 
on  tne  condensing  lenses  prevents  the  passage  of  the  luminous 
rays,  and  the  cavity  formed  in  the  cylinder  of  lime  at  the  spot 
where  the  flame  impinges  soon  interferes  with  the  brilliancy  of 
the  light ;  this  necessitates  a  change  in  the  position  of  the  lime 
cylinder  to  present  a  new  surface  to  the  action  of  the  flame, 
and  this  in  its  turn  implies  a  distraction  of  the  attention  of  the 
experimenter,  which  interferes  seriously  with  the  satisfactory 
management  of  his  subject  Though  the  attempt  is  made  to 
avoid  this  difficulty  by  clock  work,  or  other  mechanical  con- 
trivances, they  are  still  unsatisfactory  in  their  action.  Another 
serious  objection  is  the  necessity  of  placing  the  cylinders  in  a 
closed  vessel  when  not  in  use  to  protect  them  from  the  action  of 
the  air. 

The  oxy-magnesium  light  is  similar  to  the  preceding,  differ- 
ing only  in  the  substitution  of  a  cylinder  or  pencil  of  magne- 
sium oxide  for  calcium  oxide,  and  the  light  emitted  is  of  equal 
brilliancy.  Following  the  instructions  given  for  the  prepara- 
tion of  these  cylinders,  I  have  taken  the  greatest  pains  to  pro- 
cure samples  of  magnesium  oxide  of  the  utmost  purity.  I  have 
also  triea  various  methods  for  its  preparation,  among  which  the 
combustion  of  the  metal  in  oxygen  may  be  mentioned,  but 
failure  has  thus  &r  attended  all  efforts  to  make  pencils  or 
cylinders  which  could  withstand  the  intense  heat  of  the  flame 
of  the  mixed  oxygen  and  hydrogen  gases  without  undergoing 
volatilization.  The  pencils  obtained  were  fully  equal  in  this 
respect  to  those  of  calcium  oxide;  but,  I  did  not  find  any 
superiority  that  repaid  the  trouble  of  their  preparation. 

The  oxy-zirconium  light  produced  by  the  action  of  the  flame 
of  mixed  oxygen  and  hydrogen  gases  on  a  cylinder  of  zirconium 
oxide  meets  all  the  requirements  of  the  case  in  question.  It 
has  the  intrinsic  brilliancy,  the  invariable  brilliancy,  the  fixity 
of  position  in  the  optical  axis  of  the  apparatus,  and  it  does  not 
volatilize  under  the  heat  employed.  The  condensing  lenses 
remain  free  from  deposit,  and  after  the  light  is  once  adjusted 
the  experimenter  can  carry  on  his  demonstrations  without  the 
distraction  of  his  attention  that  attends  the  use  of  the  other 
lights.  All  that  is  net^essary  is  according  to  the  size  Of  the 
reservoirs  of  compi*essed  gas  to  open  the  cocks  a  little  as  the 
pressure  diminishes.    There  is  also  no  necessity  to  remove 
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the  zirconium  oxide  pencil  from  its  position,  as  is  the  case 
with  the  calcium  oxide,  it  may  on  the  contrary  remain  in  situ 
for  any  length  of  time,  and  tne  apparatus  is  always  ready  for 
use  whenever  it  is  wanted. 

Though  the  standard  works  on  chemistry  generally  mention 
the  light-emitting  power  of  zirconium  oxide  under  a  high  tem- 
perature, the  only  successful  attempt  that  has  been  made  to 
apply  it  practically  that  I  am  aware  of  was  that  of  Te8si6  du 
Motay.  Unsatisfactory  references  to  his  process  for  preparing 
zirconia  cylinders  are  to  be  found  in  vanous  chemical  works 
and  journals,  the  best  that  I  have  seen  being  that  given  on 
page  47  of  '*  Crooke's  Select  Methods  in  Chemical  Analysis." 
The  careful  reader  of  this  and  other  articles  on  zirconia  will  be 
prepared  to  expect  difficulties  in  the  way  of  its  preparation, 
and  it  is  to  the  removal  or  lessening  of  these  difficulties  that  I 
now  propose  to  address  myself  by  the  minute  relation  of  the 
process  I  have  finally  adopted  after  many  weeks  of  experiment 

The  subject  naturally  divides  itself:  1st,  into  the  preparation 
of  zirconium  oxide;  and,  2d,  the  preparation  of  the  cylinders 
or  pencils. 

Jhr^ara^ion  of  zirconium  oocide. 

The  compound  of  zirconium  used  is  that  known  as  the  zircon 
of  North  Carolina.  It  is  essentially  zirconium  silicate,  and  the 
composition  of  this  and  other  specimens  of  zircon  will  be  found 
in  Dana's  Mineralogy.  The  difficulty  in  the  operation  consists 
in  the  complete  removal  of  the  silica  and  of  the  sodium  com- 
pounds used  in  the  disintegration  of  the  mineral. 

1st.  Select  the  zircon  crystals  or  fragments  thereof  of  as  light 
a  color  as  possible,  and  carefully  remove  all  attached  foreign 
matter ;  provide  about  ten  grams  in  weight 

2d.  Eeduce  five  or  six  grams  to  powder  in  a  steel  mortar; 
or,  by  firat  heating  to  bright  redness  and  chilling  in  water 
while  very  hot  the  same  may  be  done  in  a  porcelain  mortar. 
Remove  any  mica  or  other  foreign  matter  that  may  appear. 

3d.  Complete  the  pulverization  in  an  agat«  mortar,  intro- 
ducing small  quantities  at  a  time,  and  reduce  to  an  impalpable 
powder.  The  final  yield  of  zirconia  depends  on  the  thorough- 
ness with  which  this  is  done. 

4th.  Weigh  out  two  grams  of  the  fine  zircon  powder  and 
mix  it  intimately  in  a  mortar  with  ten  grams  of  dry  sodium 
carbonate,  place  the  mixture  in  a  covered  platinum  crucible  of 
twenty  cubic  centimeters  capacity. 

5th.  Place  the  crucible  over  a  strong  Bunsen  flame;  the 
burner  should  be  at  least  fifteen  millimeters  in  diameter;  in 
about  twenty  minutes  the  mass  in  the  crucible  will  have 
shrunken  to  one-third  of  its  original  volume  if  the  heat  is 
sufficient     To  secure  uniformity  in  temperature  of  the  crucible 
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I  have  employed  the  following  device.  The  platinum  crucible 
being  placed  in  a  triangle  of  platinum  wire  supported  on  the 
ring  oi  a  retort  stand,  a  graphite  crucible  having  a  diameter  of 
five  centimeters  was  taken  and  an  opening  fifteen  to  twenty 
millimeters  in  diameter  made  iti  its  bottom.  It  was  then 
placed  mouth  downward  over  the  platinum  crucible,  with  its 
mouth  at  the  level  of  the  bottom  oi  the  latter,  and  resting  on 
the  same  support  A  brass  or  iron  tube  two  and  a  half  centi- 
meters in  diameter  and  six  to  eight  decimeters  in  length  was 
placed  vertically  over  the  bottom  of  the  graphite  crucible, 
resting  on  it  and  enclosing  the  opening  previously  made 
therein.  A  furnace  was  thus  constructed,  the  long  tube  being 
the  chimney,  giving  a  good  draught,  and  the  graphite  crucible 
the  body  which  confined  the  flame  to  the  surface  of  the  enclosed 
platinum  crucible  and  heated  it  equally. 

6th.  The  shrinkage  of  the  mass  having  been  satisfactorily 
accomplished  it  is  to  be  fused ;  for  this  purpose  a  powerful  gas 
blowpipe  flame  urged  by  a  foot  bellows  answers  very  well.  In 
place  of  the  ordinary  blowpipe  flame  I  have  used  a  modification 
contrived  by  my  assistant,  Mr.  Ivin  Sickels.  It  consists  of  a  large 
Bunsen  burner  two  centimeters  in  diameter,  the  upper  opening 
is  closed  by  a  cap  through  which  seven  small  tubes  pass,  each 
having  a  diameter  of  two  and  a  half  millimeters.  The  lower 
openings  of  the  burners  are  also  closed  except  one  through 
which  a  tube  passes  and  communicates  with  a  foot  bellows. 
Coal  gas  being  turned  into  the  burner,  ignited,  and  the  bellows 
thrown  into  action,  seven  clean  sharp  pointed  blowpipe  flames 
are  produced  which  give  a  very  intense  heat 

Tne  mass  in  the  platinum  crucible  having  been  fused  and 
the  fusion  continued  until  it  begins  to  assume  a  pasty  state,  it 
is  again  liquified  according  to  the  plan  of  Berzelius  by  the 
addition  of  caustic  soda  about  equal  in  weight  to  that  of  zircon. 
The  heat  being  again  applied  the  disintegration  of  the  silicate 
continues,  and  if  necessary  a  second  addition  of  caustic  soda 
may  be  made. 

7th.  The  contents  of  the  platinum  crucible  having  cooled, 
separate  them  therefrom,  and  place  in  a  beaker,  add  two  hun- 
dred cubic  centimeters  of  distilled  water ;  any  portions  of  the 
fused  material  that  adhere  to  the  walls  or  cover  of  the  crucible 
are  also  to  be  removed  by  a  jet  of  distilled  water  and  added  to 
the  contents  of  the  beaker.  An  occasional  stirring  will  pro- 
mote the  disintegration  of  the  mass,  which  is  completed  in  the 
course  of  a  couple  of  hours,  silicate  of  sodium,  the  excess  of 
sodium  carbonate  and  soda  dissolving,  and  leaving  a  white 
powder,  which  according  to  Dr.  Melliss  is  composed  of  zirco- 
nium oxide,  silicium  anhydride,  and  sodium  oxide,  together 
with  any  zircon  that  may  have  escaped  disintegration. 
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The  contents  of  the  beaker  are  thoroughly  stirred  and  set 
aside  for  twenty-four  hours  to  settle.  The  clear  supernatant 
fluid  is  decanted,  another  two  hundred  cubic  centimeters  of 
distilled  water  added,  the  mixture  stirred  and  set  aside  for 
twenty-four  hours  or  longer,  and  when  the  precipitate  has  set- 
tled the  liquid  is  decanted  and  the  beaker  with  its  contents 
set  on  the  water  bath  to  dry. 

8th.  Pulverize  the  dried  material  in  the  beaker  with  a  glass 
rod,  add  twenty  cubic  centimeters  of  pure  hydrochloric  acid 
(Merck^s),  cover  the  beaker  with  a  large  watch  glass  and  set  on 
the  water  bath ;  when  the  acid  has  dissolved  as  much  as  it  will 
take  up,  it  is  to  be  decanted  while  hot  into  a  shallow  evap- 
orating dish  of  about  five  hundred  cubic  centimeters  capacity. 
A  second  dose  of  twenty  cubic  centimeters  of  hydrochloric 
acid  is  added  to  the  contents  of  the  beaker,  and  when  all  lumps 
are  broken  down  the  mixture  is  transferred  to  the  evaporating 
dish,  a  little  hydrochloric  acid  being  used  to  complete  the 
transferenca 

9tb.  For  the  final  separation  of  the  silica  the  contents  of  the 
dish  are  evaporated  to  dryness  on  the  water  bath,  and  the  heat 
continued  until  they  cease  to  emit  acid  fumes,  a  little  distilled 
water  is  then  added  and  thoroughly  incorporated  with  the 
residue  by  stirring.  The  mixture  is  again  evaporated  to  dry- 
ness at  212°  F.  The  second  drying  being  completed,  about 
two  hundred  cubic  centimeters  of  distilled  water  are  added, 
and  when  all  the  soluble  material  is  taken  up  the  mixture  is 
transferred  to  a  filter.  On  the  filter  there  remains  silica  and 
undecomposed  zircon.  In  the  filtrate  there  are  zirconium 
chloride^  sodium  chloride  and  iron  chloride. 

10th.  The  next  step  is  the  separation  of  the  zirconium  chloride 
from  the  iron  chloride,  and  as  completely  as  possible  from  the 
sodium  chloride.  This  I  have  accomplished  as  followa  The 
filtrate  being  made  up  to  five  hundrea  cubic  centimeters  with 
distilled  water,  washed  sulphurous  acid  gas  is  passed  through 
the  fluid  as  long  as  a  precipitate  forms,  or  until  the  contents  of 
the  flask  smell  strongly  oi  sulphurous  acid.  The  mixture  is 
then  boiled  as  long  as  it  emits  any  odor  of  sulphurous  acid,  the 
loss  of  liquid  being  made  up  from  time  to  time  by  the  addition 
of  distilled  water.  The  precipitate  of  zirconium  sulphite  is 
allowed  to  settle  for  a  day  or  two  and  is  then  collected  on  a 
filter,  where  it  must  drain  for  a  day,  the  funnel  being  covered 
with  a  sheet  of  paper.  As  it  is  impossible  to  wash  the  precipi- 
tate properly  on  the  filter,  it  must  be  carefully  transferred 
therefrom  to  a  beaker  while  it  is  still  moist  by  means  of  a  glass 
rod  and  jet  of  distilled  water  from  a  washing  bottle.  The 
lumps  being  completely  broken  up  the  contents  of  the  beaker 
are  again  made  up  to  five  hundrea  cubic  centimeters  with  dis- 
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tilled  water  well  stirred,  and  when  the  precipitate  has  settled  it 
is  collected  on  a  filter  as  before  and  allowed  to  drain  as  long 
as  it  will  yield  any  fluid. 

11th.  The  precipitate  obtained  above  is  .dissolved  in  as  little 

Sure  hydrochloric  acid  as  possible,  the  solution  diluted  with 
istilled  water  to  five  hundred  cubic  centimeters  and  heated  to 
boiling  for  some  time.  Ammonia  is  added  to  the  hot  solution, 
when  the  zirconium  oxide  is  thrown  down  and  is  to  be  col- 
lected on  a  filter,  washed  with  hot  water  and  allowed  to  dry  at 
the  temperature  of  the  air,  the  yellowish  or  whitish  lumps 
resulting  are  pulverized  in  an  a^te  mortar,  when  a  white 
powder  is  obtained.  The  quantities  I  have  given  in  the 
various  operations  detailed  above  apply  to  two  grams  of  the 
powdered  zircon.  For  the  preparation  of  a  zirconia  cylinder  of 
sufficient  size  the  product  obtained  from  four  grams  of  zircon 
is  required,  the  quantities  may  be  doubled  throughout ;  but,  it 
is  better  to  make  two  fusions  of  two  grams  each  and  double 
the  quantities  given  in  the  latter  part  of  the  description. 

I  have  also  tried  the  separation  of  zirconium  cnloride  from 
iron  chloride  bv  hydrochloric  acid ;  but,  though  I  worked  at  a 
temperature  of  82*^  R,  the  yield  was  very  small  and  therefore 
unsatisfactory.  In  the  process  by  hyposulphite  of  soda  I 
found  it  very  difficult  to  get  rid  of  the  soda.  The  process  of 
disint^^ting  the  zircon  by  chlorine  at  a  high  temperature 
also  failed  to  give  satisfactory  results  in  my  hands,  and  I  find 
that  Dr.  Melliss  records  the  same  experience. 

Preparation  of  the  Cylindere, 

The  zirconium  oxide  powder  obtained  in  the  manner  described 
above  is  to  be  heated  in  a  platinum  crucible  and  kept  at  a 
bright  red  for  five  or  six  hours;  it  will  under  these  circum- 
stances shrink  considerably  in  volume.  I  have  sometimes  in 
addition  submitted  the  powder  to  the  heat  of  the  oxy-hydrogen 
flame  with  advantage,  spreading  it  out  for  this  purpose  on  a 
piece  of  platinum  foil  supported  on  a  slab  of  iron,  and  directing 
the  flame  on  the  powder.  The  operator  should  wear  smoked 
spectacles.  The  powdered  oxide  thus  condensed  by  heat  is 
tnen  moistened  with  just  enough  water  to  give  it  a  tendency  to 
form  small  lumps.  In  this  condition  it  is  placed  in  a  cylindrical 
mould  and  submitted  to  severe  pressure  by  a  piston  fitting 
closely  to  the  cavity  of  the  cylinder,  both  of  which  should  be 
properly  oiled.  The  size  of  the  pencils  I  have  prepared  is 
about  SIX  millimeters  in  diameter  and  one  centimeter  in  length. 
When  in  use  they  are  mounted  so  as  to  present  one  end  to  the 
action  of  the  oxy-hydrogen  flame,  when  a  brilliant  circular 
spot  of  light  is  formed  admirably  adapted  for  all  kinds  of 
optical  experiments. 
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The  cylinder  in  which  the  pencils  have  been  compressed  is 
about  two  centimeters  in  diameter  and  four  centimeters  in 
length;  the  cavity  running  centrally  through  it  is  six  milli- 
meters in  diameter,  the  piston  rod  fits  closely,  and  both  it 
and  the  cylinder  are  of  hardened  steel ;  the  source  of  com- 
pression is  a  small  hydraulic  press,  and  the  pressure  employed 
IS  about  two  tons.  The  pencil  is  forced  irom  the  cylinder 
after  compression  by  the  press  itself,  and  is  very  hard.  It 
is  allowed  to  dry  slowly  and  is  then  ready  for  usa  When 
first  heated  the  temperature  is  gradually  increased  until  at  last 
the  full  force  of  the  oxy- hydrogen  jet  is  employed.  In  case 
the  pencil  chips  or  loses  any  part  of  its  substance  the  portions 
are  to  be  preserved  and  ground  up  with  old  pencils  in  an  agate 
mortar  mingled  with  a  Tittle  fresh  zirconia  powder  and  com- 
pressed in  the  cylindei*.  The  pencils  thus  obtained  from 
portions  of  older  ones  are  generally  superior  to  those  made 
entirely  from  fresh  oxide. 

In  the  process  of  Tessi6  du  Motay  certain  agglutinant  materials 
are  employed  in  preparing  the  pencils ;  but  these  reduce  the  bril- 
liancy of  the  light  considerably.  With  care  in  the  management 
of  the  pencils  the  use  of  agglutinants  may  be  avoided,  and  thoagh 
they  may  be  necessary  in  the  case  of  pencils  to  be  handled  by 
an  ordinary  peripatetic  calcium  light  manipulator  they  are  not 
only  unnecessary  in  the  hands  of  a  lecturer;  but,  are  also  detri- 
mental exactly  in  the  proportion  in  which  they  reduce  the 
brilliancy  of  the  light 

If  the  zirconium  oxide  is  free  from  silica  there  is  no  evidence 
of  fusion  on  the  extremity  of  the  pencil,  though  it  may  have 
been  submitted  to  the  action  of  the  flame  for  a  full  hour.  If 
on  the  contrary  silica  is  present  the  spot  on  which  the  flame 
impinges  becomes  glazed,  giving  evidence  of  fusion,  and  the 
brilliancy  of  the  light  decreases  greatly.  The  pencils  made 
from  the  zirconia  prepared  in  the  manner  related  above  have 
been  tested  alongside  of  those  made  from  zirconia  prepared  by 
Merck,  which  is  stated  to  be  pure,  and  is  sold  at  the  rate  of 
one  dollar  per  gram.  Whatever  the  process  may  be  that  is 
used  in  its  preparation  it  does  not  give  a  product  as  free  from 
iron  and  silica  as  the  one  which  I  have  described,  nor  does  it 
possess  the  same  illuminating  power. 
Juoe  22cl,  1877. 
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Art.  XXX. — Mineralogical  Notes,  No.  V.  On  the  occurrence 
of  Garnets  with  the  IVap  of  New  Haven^  Connecticut;  by 
bj  Edward  S.  Dana. 

Garnets  have  been  recently  discovered  in  connection  with 
the  New  Haven  trap  rocks,  at  two  distinct  localities ;  and  their 
method  of  occurrence  presents  some  points  of  considerable 
interest 

These  *'trap  rocks,"  as  they  are  commonly  called,  belong 
to  the  system  of  dikes  of  igneous  rocks  which  characterize  the 
Mesozoic  sandstone  areas  of  the  Atlantic  border.  Mr.  G.  W. 
Hawes  has  given  these  rocks  a  thorough  chemical  examina- 
tion,* and  has  shown  that  they  have  all  essentially  the  same 
composition,  being  for  the  most  part  true  dolerites,  but  includ- 
ing also  the  hydrous,  chloritic  variety  called  diabase.  I  take 
the  liberty  of  quoting  here  Mr.  Hawes's  analysis  of  the  trap 
from  West  Eock,  which,  as  he  states,  is  '*  the  typical  rock  of 
this  region."    Specific  gravity  803. 

Silica 61-78 

Alumina 14-20 

Iron  sesquioxide 3-69 

Iron  protoxide tt-26 

Manganese  protoxide 0-44 

Lime 10-70 

Magnesia 7*63 

Soda 214 

Potash .-     0-89 

Phosphorus  pentoxide 0-14 

Ignition 0-68 

99*89 
The  writer  has  made  a  microscopic  examination,f  by  means 
of  thin  sections,  of  this  series  of  rocks,  including,  among  many 
others,  specimens  from  West  Eock  (see  the  analysis  above)  and 
also  from  the  two  localities  where  the  garnets  have  been  found, 
viz:  East  Bock  and  Mill  Rock.  These  three  points,  it  should 
be  stated,  are  within  four  miles  of  each  other,  all  lying  just 
outside  of  the  limits  of  the  city  of  New  Haven.  It  was  found 
that  the  specimens  from  the  localities  named  were  identical 
in  mineralogical  character,  and  that  they  were  all  quite  free 
from  any  alteration.  The  mineralogical  constituents  are  as 
follows:  A  triclinic  feldspar  which  Mr.  Hawes  has  shown 
chemically  to  be  labradorite,  pyroxene,  and  magnetite,  also 
more  or  less  chrysolite,  and  a  little  apatite  in  minute  acicular 
crystals. 

*  This  Journal,  III,  ix,  186,  March,  1876. 

t  This  Joomal,  in,  viii,  390. 
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QarneUfrom  East  Rock. 

At  the  East  Bock  locality  the  trap  is  very  distinctly  colum- 
nar, and  the  garnets  occur  on  the  vertical  surfaces  of  the 
columns  where  they  have  been  exposed  in  the  process  of 
quarrying.  The  spot  at  which  they  are  found  is  in  the  body 
of  the  dike,  far  away  from  the  line  of  contact  with  the  sandf- 
stone ;  they  are  scattered  here  quite  freely  over  a  considerable 
surface ;  a  careful  search  for  them,  however,  along  the  extended 
front  of  the  Rock,  failed  to  reveal  any  other  locality. 

The  associated  minerals  are:  Magnetite,  apatite,  pyroxene 
now  altered  to  chlorite,  calcite,  and  also  in  traces  chalcopyrite 
and  sphalerite. 

The  garnets  themselves  are  uniformly  crystallized  in  rhombic 
dodecahedrons,  with  the  edges  truncated  by  the  planes  2-2. 
Isolated  crystals,  however,  are  rare ;  more  commonly  they  are 
grouped  together  in  nearly  parallel  positions  in  very  pretty 
little  rosettes.  These  groups  are  scattered  over  the  exposed 
surface  of  the  rock,  and  are  quite  characteristic  of  the  locality. 
Still,  again,  the  crystals  are  crowded  together,  without  any 
regularity  of  position,  into  crusts  of  some  httle  thickness. 

The  color  of  the  garnets  is  generally  dark-brown  to  jet-black, 
though  occasionally  they  are  yellowish-brown.  Their  luster  is 
very  orilliant,  and  in  general  they  are  entirely  free  from  altera- 
tion. An  analysis  of  the  garnets  proved,  what  indeed  was 
suggested  by  their  appearance,  that  they  belonged  to  the  vari- 
ety melanitey  or  a  calcium-iron  garnet  having  the  formula 
CagFeSijO,,.  The  material  anSyzed  was  taken  from  the 
crystalline  crusts  which  have  been  mentioned.  It  was  selected 
with  care  to  ensure  freedom  from  the  rock,  and  still  more  from 
the  apatite  crystals,  which,  as  remarked  below,  were  intimately 
associated  with  the  garnet     The  specific  gravity  was  8740. 

The  mean  of  two  analyses  gave : 

Silica    35-09 

Iron  sesquiozide  (with  AIO3  trace) 29*16 

Iron  protoxide ^ 2*49 

Manganese  protoxide 0*36 

Lime 32*80 

Ma^esia 0*24 

Ignition 0*36 

100-48 

It  has  been  recently  shown  by  Knoj)*  that  the  melanite  crys- 
tals from  several  localities  in  the  Kaiserstuhlgebirge  and  also 
from  Frascati  contain  from  three  to  seven  per  cent  of  titanic 
acid.  In  view  of  this  fact  special  tests  were  made  for  titanic 
acid  in  the  progress  of  the  analysis;  they  served,  however,  only 
•  A.  Enop,  Zeitschiift  t^  "Kijt^Mogn^fi^  i,  68, 1877. 
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to  prove  its  absence.     The  magnetite  was  also  tested  qualita- 
tively for  titanic  acid,  but  none  was  discovered. 

The  associated  minerals  deserve  also  a  few  words  of  descrip- 
tion. The  magnetite  stands  first  in  order  of  abundanca  It 
appears  in  the  form  of  brilliant  octahedrons,  scattered  some- 
times thickly,  sometimes  sparsely,  over  the  surface  of  the  rock ; 
it  uniformly  underlies  the  garnet  where  they  occur  together. 
The  octahedrons  of  magnetite  are  sometimes  unmodified,  but 
generally  the  solid  angles  are  replaced  with  the  planes  of  the 
form  S-3,  and  the  edges  beveled  with  those  of  the  form  2-2 ;  an 
m-n  form  is  also  common,  but  with  planes  so  rounded  as  not 
to  admit  of  determination.  The  development  of  the  last  form 
occasionally  produces  irregular  bullet-shaped  crystals.  The 
octahedral  faces  are  brilliant,  the  others  dull. 

The  pyroxene  occurs  in  minute  dark-green  crystals,  destitute 
of  luster;  they  are  crowded  together  on  the  surface  of  the 
rock.  These  crystals  are  strictly  pseudomorphs  after  pyroxene, 
for  though  having  unquestionably  its  form,  they  are  so  soft  as 
to  be  easily  cut  with  a  knife,  and  in  the  powder  have  all  the 
appearance  of  chlorite. 

The  apatite  occurs  in  very  minute  prismatic  crystals  of  a 
yellowish-green  color.  They  are  most  common  on  and  among 
the  crystals  of  pyroxene.  They  are  more  numerous,  however, 
than  would  appear  at  first  glance,  since  a  careful  examination 
shows  that  they  interpenetrate  the  garnet  crystals  in  great 
numbers.  The  crusts  of  garnet  particularly,  which  are  appar- 
ently perfectly  homogeneous,  are  found  when  broken  up  to  be 
fenetrated  in  every  direction  with  these  minute  apatite  needlea 
n  this  respect  the  garnets  resemble  those  of  the  Kaiserstuhl 
described  by  Knop. 

Finally,  the  calcite  is  found  in  crusts,  and  in  rhombohedral 
crystals,  covering  the  other  minerals  and  also  the  surface  of 
the  rock  itselt  This  calcite  is  very  common  not  only  at  the 
point  to  which  the  garnets  and  their  associates  are  confined, 
but  also  at  many  other  places,  so  that  it  may  not  have  any 
essential  paragenetic  relation  to  them. 

All  the  above  minerals  are  here  true  secondary  products 
deposited  on  the  columnar  surface  of  the  trap,  and  probably  in 
the  following  order:  magnetite,  pyroxene,  apatite,  garnet, 
calcite.  Tt  will  be  noticed  too,  that,  of  the  species  which  have 
been  mentioned,  the  magnetite,  pyroxene  and  apatite,  are  all 
original  constituents  of  the  i-ock  itself,  so  that  it  can  hardly  be 
questioned  that  it  has  furnished  immediately  the  material  out 
of  which  these  later  minerals  have  been  formed.  The  otter 
essential  ingredient  of  the  rock,  the  triclinic  feldspar,  must 
have  furnished  the  lime  to  the  garnet  and  probably  to  the  cal- 
cite ;  the  excess  of  silica  above  that  needed  by  the  garnet,  and 
also  the  alkalies  have  disappeared  entirely. 

Am.  Joub.  8ci.— Thibi>  Sbbieb,  Vol.  XTV,  No.  81.— Sbft.,  1877. 
15 
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OameUfrom  MiU  Rock. 

The  other  garnet  locality  is  at  the  west  end  of  Mill  Rock. 
In  appearance  and  in  metnod  of  occurrence  the  garnets  here 
found  are  a  decided  contrast  to  those  that  have  been  just  de- 
scribed. They  occur  on  the  line  of  contact  between  the  trap 
and  the  adjoining  sandstone,  and  probably  owe  their  origin  to 
the  metamorphic  action  of  the  heat  of  the  erupted  rock.  They 
are  found  best  in  seams  and  little  cavities  in  the  trap,  where 
they  are  implanted  as  isolated  crystals  upon  an  earlier  deposit 
of  quartz  crystals.  Occasional  garnets  of  indistinct  crystalline 
form  but  presumably  of  similar  origin  occur  on  the  surfaces  of 
the  sand.stone  adjoining  ;  scales  of  hematite  produced  by  meta- 
morphic action  are  common  on  the  same  surfaces. 

Tne  garnets  in  the  trap  only  are  distinctly  crystallized  ;  the 

crystals  are  highly  complex  and  in- 
teresting. They  appear  at  first  sight 
to  be  dodecahearons,  but  further  ex- 
amination shows  that  each  dodeca- 
hedral  plane  is  replaced  by  the  four 
planes  of  a  very  obtuse  hexoctahe- 
dron,  having  the  symbol  64  || :  the 
other  forms  occurringwith  this  are : 
2-2,  5-5,  and  H,  The  adjoining 
figure  shows  the  habit  of  th6  crystals. 
The  following  angles  were  measured 
to  determine  these  forms. 
For  i^A.i-i  (over  H)  =136°  15',  required  135*"  69'  48'. 

«      "       "     adjacent  (edge  B)=:149*16',  required  149°  16'  38'. 
For  64-j^  edge  B  =178°  16',  required  178°  5'. 
"        *'         «     C  =178°  56',        «         179°  6'. 

Of  the  above  enumerated  forms,  the  basal  plane  {H)  is  quite 
rare  with  this  species,  the  tetragonal  tris-octanedron  J-J  is  new, 
though  it  has  been  observed  on  fluorite,  and  also  by  Klein  (as 
a  hemihedral  form)  on  sphalerite;  and  the  hexoctahedron 
64-IJ  has  been  observed  only  on  the  topazolite  from  Piedmont 
(Quenstedt),  though  the  related  form  t-|J  was  found  by  Web- 
sky  on  the  transparent  garnets  of  Jordansmiihl,  Silesia. 

The  Mill  Rock  garnets  have  a  wine-yellow  color,  and  a  bril- 
liant luster.  The  material  available  was  much  too  scanty  to 
admit  of  any  chemical  examination,  but  in  view  of  their  simi- 
larity of  form  and  color,  they  may  safely  be  referred  to  the 
variety  topazolite. 

In  addition  to  the  crystallized  quartz  upon  which  the  garnets 
are  implanted,  the  only  other  associated  mineral  is  one  occur- 
ring very  sparingly  in  silky  hair-like  fibres.  It  was  impossible 
to  obtain  enough  for  even  a  blowpipe  examination,  so  that  its 
character  remains  undetermined. 
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Art.  XXXI. — A  description  of  the  Rochester^  Warrenton,  and 
Cynthiana  Meteoric  Stones^  which  fell  respectively  December  2l5t, 
1876,  January  8d,  1877,  and  January  28d,  1877,  with  some 
remarks  on  the  previous  falls  of  Meteorites  in  the  same  regions  ; 
by  J.  Lawrence  Smith,  Louisville,  Kentucky. 

A  SHORT  notice  of  the  three  meteorites  which  form  the  sub- 
ject of  this  communication,  was  published  by  me  shortly  after 
their  fall,  the  detailed  account  of  their  flight  and  fall  having 
been  deferred  until  I  could  make  a  more  thorough  examina- 
tion. This  I  am  now  able  to  do,  as  there  have  been 
sent  to  me  the  entire  stone  that  fell  near  Cynthiana,  and  a 
large  portion  of  the  fragments  which  have  been  saved  of  the 
other  two. 

The  points  of  interest  in  connection  with  these  three  meteor- 
ites are  as  follows :  Firsts  they  fell  within  a  period  of  thirty-two 
days,  and  within  a  circumscribed  territory  of  about  two  degrees 
of  latitude  and  six  degrees  of  longitude.  Secondly^  they  differ 
from  each  other  in  their  structural  characteristics,  and  each  has 
some  peculiarity  distinguishing  it  from  the  ordinary  type  of 
meteoric  stones.  Thirdly^  they  fell  within  a  belt  of  territorv, 
which  I  shall  show  has  been  the  lodging  ground  of  all  the 
meteoric  masses  that  have  been  observed  to  fall  and  have  been 
collected  in  the  United  States  during  the  past  eighteen  years, 
with  the  exception  of  about  one  kUogram. 

1.   Rochester  (Indiana)  Meteorite. 

The  passage  of  this  meteorite  through  the  earth's  atmosphere 
has  left  but  a  small  souvenir  of  its  visit.  It  was  well  observed 
at  Bloomington,  Indiana,  lat.  89°  12',  long.  86''  82',  by  the  dis- 
tinguished astronomer  Professor  Kirkwood,  who  communica- 
ted to  me  at  the  time  his  observations;  and  he  has  subse- 
quently given  them  more  in  detail  to  the  American  Philosoph- 
ical Society,  with  the  observations  he  had  collected  from  others. 
I  will  therefore  simply  give  a  summary  of  the  phenomena 
attendant  upon  its  flight  before  describmc  the  chemical  and 
mineralogical  characteristics  of  the  stone  which  fell 

The  bolide  made  its  appearance  about  nine  o'clock  p.  M., 
December  21,  1876,  and  was  of  extraordinary  magnificence.  It 
passed  eastward  over  the  States  of  Kansas,  Missouri,  Illinois, 
Indiana,  Ohio,  and  parts  of  Pennsylvania  and  New  York. 
Although  no  observations  were  made  in  the  two  last  mentioned 
States,  still  Professor  Kirkwood  is  doubtless  correct  in  defining 
this  as  its  course.  At  Bloomington  its  elevation  was  fifteen 
degrees.  According  to  the  calculation,  the  length  of  its  observed 
track  was  from  1,000  to  1,100  miles,  one  of  the  longest  on  rec- 
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ord.     Its  height  is  supposed  to  have  been  thirty-eight  miles 
above  the  place  where  the  small  fragment  fell  from  it 

In  various  parts  of  its  track,  it  threw  oflf  fragments,  accom- 
panied with  tne  usual  rumbling  noise  and  commotion  in  the 
atmosphere  common  to  the  flight  of  these  bodies.  When  cross- 
ing Indiana,  the  main  body  was  followed  by  a  train  of  smaller 
bolides,  many  of  them  of  the  apparent  size  of  Venus  or  Jupi- 
ter. Its  velocity  in  reference  to  the  earth's  surface  appeared  to 
be  from  eight  to  twelve  miles  per  second.  The  pyrotechnic 
display  is  said  to  have  been  transcendently  beautiful,  hardly 
eaualled  or  surpassed  by  any  previous  occurrence  of  the  kind. 
Tne  cause  of  this  brilliancy  lay  in  the  physical  structure  of  the 
body,  which  will  be  details  farther  on. 

The  fragment  which  fdl — ^The  only  fragment  of  this  bolide 
known  to  have  fallen  was  one  found  on  the  farm  of  Mr.  Mor- 
ris, three  miles  northwest  of  Rochester,  Indiana,  lat.  41°,  long. 
86°.  This  farmer  heard  the  explosion,  and  shortly  afterward 
noticed  a  body  strike  the  ground  not  far  from  him.  There 
were  six  inches  of  snow  upon  the  ground,  and,  on  the  follow- 
ing morning  he  found  the  stone,  which  had  rebounded  to  a 
short  distance  from  the  place  where  it  first  fell,  it  not  having 

Eenetrated  the  ground.  The  entire  stone  did  not  weigh  four 
undred  grams,  and  as  we  have  not  heard  of  the  fall  of  any 
other  mass,  it  is  reasonable  to  suppose  that  it  was  dissipated  into 
very  minute  fragments  and  dust,  as  in  the  case  of  the  Hessle 
stones  and  other  similar  falls. 

The  manner  in  which  the  molten  matter  of  the  exterior  of 
many  of  these  meteorites  is  swept  over  their  surfaces,  in  shining 
streaks,  covering  freshly  broken  surfaces,  show  clearly  that  this 
disintegration  is  constantly  and  rapidly  going  on  in  these  bodies 
during  their  passage  through  the  air.  I  have  in  my  collection 
many  fine  examples  illustrating  this  fact 

Professor  Kirkwood  is  of  the  opinion  that  this  bolide  never 
passed  out  of  our  atmosphere,  which  is  in  accord  with  my  gen- 
eral view  on  this  subject,  viz :  that  a  bolide  rarely,  if  ever,  gets 
entangled  in  our  atmosphere  without  being  entirely  reduced  to 
frngments  or  powder. 

The  stone  has  been  broken  up  into  many  small  fragments,  of 
•which  I  have  fortunately  secured  a  good  portion.  Others  have 
been  lost  and  a  few  have  found  their  way  into  collections. 
With  the  exception  of  the  largest  specimen  in  my  collection, 
weighing  ninety-five  grams,  hardly  any  other  fragment  weighs 
over  thirty  grams.  It  is  important  to  treasure  these  specimens, 
small  as  they  are,  for  it  is  a  remarkable  stone  of  its  type.  It  is  of 
the  pisolitic  variety,  very  friable,  of  a  gray  color,  easily  crushed 
under  the  fingers  into  light  powder  (some  of  it  to  fine  dust),  and 
to  small  globules,  some  of  them  perfectly  spherical^  of  which.  I 
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have  specimens  two  millimeters  in  diameter.  It  resembles  more 
closely  the  Aussun  stone  than  any  other  I  know  of,  although 
mach  more  friable.  This  peculiar  structure,  so  often  seen  in 
many  parts  of  meteoric  stones,  has  recently  attracted  much 
attention,  Professor  Tschermak,  of  Vienna,  having  recently 
published  an  interesting  paper  on  the  subject* 

The  specific  gravity  of  the  stone,  taken  with  several  average 
specimens,  is  8 '65.  There  is  nothing  peculiar  about  the  coat- 
ing on  the  specimens  I  have  examined ;  it  is  of  a  dull  black 
and  quite  rough. 

Chemical  examination. — ^The  stony  part  of  the  meteorite 
separated  almost  perfectly  from  the  metallic  part  still  contained 
a  notable  portion  of  troilite  that  could  not  be  separated  me- 
chanically. The  amount  of  sulphur  found  in  that  part  of  the 
meteorite  indicated  the  amount  of  troilite  present,  viz :  8*81. 

The  stony  material,  when  treated  with  chlorhydricacid  over  a 
water  bath,  affords  soluble  part  47"80  per  cent,  insoluble  52*20 
per  cent,  and  is  constituted  as  follows : 

Soluble  part,  per  cent  Insoluble  part,  per  cent 

Silica-.--    34-56  67-81 

Iron  protoxide 27*76  1 1  '04 

Alumina trace  '28 

Lime trace  6*31 

Magnesia 36-38  24-97 

Chromium  oxide -10 

Soda -46  -84 

99-14  100-30 

I  separated  some  of  the  globules  perfectly  free  from  the  inter- 
vening matrix,  which  is  easily  done  by  rubbing  a  piece  of  the 
stone  between  the  fingers.  Very  minute  specKS  of  iron  could 
be  distinguished  on  them,  and  when  pulverized  and  treated  with 
chlorhydric  acid,  they  gave  about  the  same  result  as  the  ma- 
trix, viz :  soluble,  46*80  per  cent ;  insoluble,  58*20  per  cent ;  and 
the  magnesia  in  the  soluble  part  was  84-48  per  cent,  showing 
clearly  that  they  were  merely  concretions  of  the  matrix  of  the 
stone. 

The  nickeliferous  iron,  which  was  separated  mechanically, 
is  composed  of : 

Iron 94*49 

Nickel 4*12 

Cobalt -61 

99*12 
The  quantity  of  iron  was  too  small  for  an  examination  of  the 
other  constituents,  as  phosphorus  and  copper,  but  they  were  no 
doubt  both  present. 

^  SitEungsb.  Akademie  der  Wisaenachaften,  yoI.  bod,  p.  661.^Wlen. 
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Mineral  constituents  of  the  Stone. — Careful  examination  under 
the  microscope  of  the  broken  surface,  as  well  as  of  a  section 
rubbed  down  very  thin,  show  the  stone  to  be  composed  of  the 
unisilicates  and  bisilicates  usually  found  in  these  bodies,  mixed 
with  nickeliferous  iron  and  troilite ;  nothing  like  anortbite  is 
distinguishable  The  first  two  minerals  constitute  the  bulk 
of  the  stone,  and  there  is  possibly  more  than  one  variety  of 
each  of  these  minerals  present  The  nickeliferous  iron  is 
quite  abundant,  although  Professor  Shepard  states  that  from  a 
casual  observation  he  estimates  it  at  one  per  cent ;  by  the  care- 
ful method  adopted  for  separating  it,  I  find  in  two  average 
specimens  over  ten  per  cent  The  particles  of  iron  are  very 
bright  and  lustrous,  looking  as  if  they  were  covered  with 
plumbago,  although  there  is  no  evidence  of  the  presence  of  the 
latter  mineral.  The  troilite  is  not  detected  so  readily  by  the 
eye  as  it  is  by  chlorhydric  acid.  One  of  the  spherules  was  rub- 
bed down  to  a  thin  section  and  examined  by  polarized  light ; 
and  in  this  way  it  was  found  to  contain  both  classes  of  silicates 
referred  to,  a  fact,  as  already  stated,  sustained  by  chemical  exam- 
ination. I  consider  the  mineral  constituents  of  the  Rochester 
stone  to  be  about  as  follows : 

Bronzite  and  pyroxene  minerals 46*00 

Olivine  minerals 41  '00 

Nickeliferous  iron 10*00 

Troilite 3*00 

Chrome  iron '16 

2.  Warrenton  (Missouri)  Meteorite. 

About  sunrise,  on  the  8d  of  January,  1877,  five  miles  from 
Warrenton  in  the  State  of  Missouri,  lat.  88°  50',  long.  91°  10',  a 
sound  was  heard  by  certain  observers  similar  to  the  whistle  of  a 
distant  locomotive ;  or,  as  stated  by  others,  like  the  passage  of  a 
cannon  ball  through  the  air.  The  sound  came  from  the  north- 
west, and  became  louder  and  louder  to  four  observers  near 
Warrenton.  On  looking  up  they  saw  an  object  falling,  which 
struck  a  tree,  breaking  off  the  limbs,  and  then  coming  to  tlie 
ffround  with  a  crash.  The  observers  were  fifty  or  sixty  meters 
distant  from  the  spot  where  it  fell.  On  approaching  the  place 
they  saw  a  mass  of  stone  broken  into  a  number  of  pieces. 
From  the  fragments  they  suppose  it  to  have  been  originally  of 
a  conical  form,  and  about  eighteen  inches  in  length.  The  snow 
was  melted,  and  the  frozen  ground  thawed  near  where  it  fell, 
but  the  pieces,  although  warm,  were  easily  handled.  The 
weight  was  estimated  to  have  been  about  one  hundred  pounds ; 
but,  whether  this  estimate  be  correct  or  not,  only  about  ten  or 
fifteen  pounds  of  fragments  have  been  preserved,  a  good  por- 
tion of  which  is  in  my  possession,  mostly  in  small  fragments ; 
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some  specimens  are  in  the  cabinet  of  Yale  College,  and  others 
scattered  about  among  the  inhabitants  of  the  country  where  it 
feU. 

As  regards  its  temperature  at  the  time  of  falling  I  would  say 
that  I  have  a  specimen,  which  gives  as  it  were  a  satisfactory 
record  that  it  was  not  very  hot  when  it  struck  the  tree,  for  a 
portion  of  the  fibers  of  one  of  the  branches  is  adhering  to  the 
surface  entangled  in  the  rough  crust  of  the  stone,  and  these  del- 
icate fibers  show  not  the  slightest  signs  of  having  been  heated. 
A  fact  to  be  noted  in  connection  with  the  fall  of  this  meteorite 
is  that  no  explosion  was  heard,  or  any  luminous  phenomena 
produced,  by  its  passage  through  the  air  after  it  was  first  no- 
ticed ;  this  may  be  in  part  due  to  the  fact  that  the  fall  hap- 
pened at  sunrise;  but  it  was  no  doubt  a  meteorite  well  spent  in 
its  rapid  motion  through  the  atmosphere,  and  dropped  quietly 
like  an  exhausted  bird  in  its  flignt  Its  direction,  so  far  as 
made  out,  was  from  northwest  to  southeast 

Aspect  of  the  Stone. — Studied  by  the  various  fragments  that  are 
under  my  observation,  it  diflTers  in  a  marked  degree,  although 
pisolitic,  from  the  one  just  described,  and  which  fell  only 
a  few  days  previously.  It  has  its  own  points  of  peculiar  inter- 
est, and  is  not  like  any  meteorite  that  I  am  familiar  with,  ex- 
cept the  Omans  meteorite,  which  fell  July  11th,  1868 ;  and  this 
it  resembles  closely  in  every  particular,  as  may  be  seen  by  com- 
paring my  results  with  those  of  Pisani  (Comptes  Rendus  Acad. 
Sci.,  1868,  vol.  ii,  p.  668),  although  his  method  of  recording  the 
analytical  results  is  different  from  mine,  and  the  specific  gravity, 
as  made  out  by  him,  is  higher  than  mine,  which  is  not  singular 
in  difterent  specimens  of  these  porous  bodies.  Its  crust  is  dull 
black,  and  quite  thick;  in  many  places,  of  several  centimeters 
square,  from  two  and  one  half  to  three  and  one  half  millimeters 
thick  (the  thickest  I  have  ever  seen),  where  the  crust  is  a 
rough  scoria  that  sometimes  terminates  abruptly  on  a  smooth 
portion  of  the  crust,  and  is  doubtless  produced  by  the  melted 
matter  on  the  surface  being  forced  backward  and  opposite  to 
the  direction  of  the  flight  of  the  stone,  being  swept  off  one  por- 
tion of  the  surface,  and  leaving  this  part  smooth,  and  piled  up 
behind  it,  in  the  form  of  a  suriace  of  scoria. 

The  interior  of  the  stone  has  a  very  dark  uniform  ash  color, 
and  is  soft  and  easily  crushed;  the  latter  fact  accounts  for  its 
having  broken  into  fragments  as  it  struck  the  ground.  Its  spe- 
cific gravity  is  8*47,  and  the  amount  of  metallic  matter  con- 
tained in  it  is  small. 

Chemical  composition, — The  stone  pulverized  and  freed  from 
metallic  particles  gave  on  analysis  an  amount  of  sulphur  e(jual 
to  8*51  per  cent  of  troilite ;  the  amount  of  nickeliierous  iron 
was  small,  being  equal  to  2*01  per  cent  Tlie  stony  minerals 
treated  with  chlorhydric  acid  gave — 
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Soluble  in  acid 80*40  per  cent. 

'  Insoluble  in  acid 19-60  per  cent. 

composed  as  follows : 

Sduble.  Insoluble. 

Silica. 38-02  56-00 

Iron  {)rotoxide 37-67  10-20 

Alumina 012  20 

Lime trace  7*62 

Magnesia 28*41  22-41 

Soda -07  100 

Nickel  oxide 1-54 

Cobalt  oxide -31 

Chromium  oxide '83 

101-04  07-66 

I  obtained  chrome  oxide  thirty-three  per  cent,  indicating 
0*50  of  chrome  iron,  if  the  chrome  be  present  in  that  fonn, 
There  is  no  way,  however,  by  which  I  can  decide  this  qaestioD, 
although  it  is  probable,  since  tbe  chrome  is  in  the  insoluble  part ; 
the  oxide  of  nickel,  with  the  exception  of  perhaps  a  minute 
portion,  belongs  to  the  composition  of  the  soluble  silicates. 

77ie  nickeli/erdiuf  iron  contained  in  this  stone  is  very  small  in 
quantity.     This  on  analysis  gave 

iron 88-51 

Nickel 10-21 

Cobalt -60 

90-32 
Mineral  constitueiits  of  tlie  Warrenton  Meteorite, — A  microsco- 
pic examination  did  not  give  me  any  clear  indications,  for  it  is 
not  possible  to  prepare  a  good  section  for  observation.  Its 
chemical  examination,  however,  shows  the  usual  uni-  and  bi- 
silicates,  of  the  olivine  and  bronzite  and  pyroxenic  types.  The 
most  marked  feature  is  the  preponderance  of  the  olivine  min- 
erals, constituting  four-fifths  o£  the  mass.  The  proportion  of 
the  mineral  constituents  is  about  as  follows: 

Olivine  minerals 76-00 

Bronzite  and  pyroxenic  minerals 18 -00 

Nickeliferous  iron 2*00 

Troilite 3-50 

Chrome  iron -50 

3.   Cynthiana  (Kentucky)  Meteorite. 

I  have  called  this  the  Cynthiana  stone,  although  it  fell  nine 
miles  from  that  place,  in  Harrison  county,  Cynthiana  being  the 
nearest  important  point  to  the  place  where  it  fell.* 

*  I  will  take  occasion  Just  here  to  oorreot  an  wror  that  I  haye  seen  in  seyeral 
catalogues,  among  them  those  of  Yienna,  the  British  Museonif  and  the  Garden  of 
Plants.  These  catalogues  designate  the  meteoric  fall  described  by  me  in  1858,  as 
that  of  Harrison  county,  Kentudcj :  it  should  read  Harrison  ooun^,  Indiana, 
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At  four  o'clock  P.  M.,  on  the  23d  of  January,  1877,  a  brilliant 
bolide  was  seen  traversing  Monroe  county,  Indiana,  in  a  south- 
easterly direction,  about  tnirty-five  degrees  above  the  horizon. 
The  same  bolide  was  observed  by  a  number  of  persons  in  Deca- 
tur county,  of  the  same  State,  fat.  89°  27^  long.  85**  28',  and 
it  disappeared  just  as  it  seemed  to  touch  the  earth,  apparently 
not  more  than  a  quarter  of  a  mile  distant  As  will  be  seen,  it 
fell  about  sixty  miles  distant  from  these  places.  It  seemed  to 
fall  almost  perpendicularly  toward  the  earth's  surface.  I  can- 
not learn  that  it  was  seen  bv  any  one  in  the  State  of  Ohio,  but 
suppose  that  it  was.  In  the  State  of  Kentucky  it  was  seen 
over  a  considerable  territory.  The  phenomena  culminated  in 
the  usual  noises  heard  in  the  heavens  accompanying  the 
approach  of  these  bodies,  and  much  consternation  was  produced 
among  the  inhabitants  of  the  surrounding  country'.  Fortu- 
nately one  of  the  observers,  an  intelligent  farmer  (Mr.  Crag- 
myle),  heard  a  solid  body  strike  the  ground ;  he  walked  imme- 
diately to  the  spot,  and  dug  the  stone  from  a  depth  of  thirteen 
inches,  to  whicn  extent  it  had  penetrated  the  ground.  A  few 
days  after  its  fall  and  before  it  nad  become  generally  known. 
Professor  Kirk  wood  wrote  me  a  letter,  stating  what  observa- 
tions had  been  made  in  Indiana,  and  telling  me  to  look  out  for 
a  meteoric  fall  somewhere  about  the  region  where  the  stone  did 
fall.  I  had,  however,  made  the  observations  and  secured  the 
meteorite,  before  his  letter  arrived,  but  the  stone  had  not  yet 
been  forwarded  to  me. 

Character  of  the  Stone, — It  is  wedge-shaped,  with  one  portion 
of  it  very  extensively  and  regularly  pitted,  while  the  rest  is 
comparatively  smooth.  The  crust  is  dull  black,  and,  as  it 
reached  me,  it  was  as  perfect  as  when  it  fell.  There  was  a  fresh 
broken  spot  of  two  or  three  square  centimeters,  which,  to  a  cas- 
ual observer,  would  appear  to  have  been  made  after  the  fall ; 
but  upon  close  examination,  I  saw  that  it  had  been  made  prior 
to  the  fall,  and  before  the  melted  matter  of  the  surface  had 
entirely  cooled,  for  a  few  small  specks  of  this  matter  have  been 
sprinkled  on  this  broken  surface,  to  which  it  firmly  adheres, 
and  the  molten  matter  is  running  over  one  border  of  it  This 
could  not  have  arisen  from  any  fusion  of  that  surface,  which  is 
too  fresh  and  unaltered  to  have  been  heated  to  any  high  degree. 
The  fracture  was  produced  by  the  same  cause  that  produced 
the  pitting.* 

Tne  weight  of  the  stone  is  six  kilograms.  It  is  of  the  harder 
brecciated  variety,  and  when  broken  presents  a  mottled  surface, 
identical  with  that  of  the  Parnallee  stone,  which  it  resembles 
also  in  every  other  particular,  the  very  pale  yellow  round  spots, 

*  This  is  dearlj  and  fully  set  forth  by  Professor  Maskeljne,  in  the  Phil.  Mag., 
for  August,  1876. 
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sometimes  five  or  six  millimeters  in  diameter,  are  disseminated 
through  the  two  alike ;  and  so  with  the  triolite,  the  globular 
structure  in  some  parts,  and  a  few  specks  of  a  black  siliceous 
mineral ;  and,  by  a  singular  coincidence,  the  specific  gravity  of 
the  part  I  tested  is  identical  with  that  as  made  out  by  Maske- 
lyne,  viz:  841.  Under  the  microscope  it  presents  the  appear- 
ance described  by  the  same  author. 

Chemical  examination, — The  stony  material  freed  from  metal- 
lic iron,  consisted  of — 

Matter  soluble  in  chlorhydric  acid 66*50 

Matter  insoluble  in  chlorhydric  acid 43'60 

Some  of  the  soluble  part  was  composed  of  troilite,  which.  I 
could  not  separate  mechanically,  but  is  deducted  in  the  follow- 
ing analysis : 

Soluble  part        Insoluble  part 

Silica 33-65  5760 

Iron  protoxide 30*83  11*42 

Alumina 'll  -43 

Lime trace  5*70 

Magnesia 34*61  23*97 

Chromium  oxide '38 

Soda 1*24 

99*20  100*74 

The  portions  examined  contained  nickeliferous  iron  6*93  per 
cent,  consisting  of: 

Iron 90*64 

Nickel 8*36 

Cobalt -73 

99*72 
Mineral  constituents  of  the  Oynthiana  Stone. — The  minerals  in 
this  stone  are  quite  easily  distinguished  by  the  eye,  but  are 
very  much  more  conspicuous  under  a  moderate  magnifying 
power,  especially  the  round  and  distinct  concretions  of  a  fight 
yellow  bronzite.  The  troilite  and  metallic  specks  and  fila- 
ments are  also  easily  seen. 

No  attempt  was  made  to  separate  the  stony  minerals  in  suffi- 
cient quantity  for  analysis ;  quantitative  tests  were  made  to 
distinguish  their  character.  From  the  chemical  examination 
previously  made  I  deduce  the  following  as  about  the  propor- 
tion of  the  mineral  constituents: 

Olivine  minerals 50*00 

Bronzite  and  pyroxenic  minerals 30*00 

Nickeliferous  iron 6*00 

Troilite   5*50 

Chrome  iron -52 
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There  were  no  distinct  crystals  of  minerals  visible  either  to 
the  unaided  eye  or  with  a  lens. 

4.  Remarks  on  the  region  where  these  meteorites  feU. 

In  the  study  of  the  three  aerolites  just  described  it  is  inter- 
esting to  note  the  relation  of  the  region  where  they  fell  to  that 
of  previous  falls  of  recent  date. 

During  a  period  of  less  than  eighteen  years  there  have  been 
twelve  falls  of  meteoric  stones  in  the  United  States,  of  which 
specimens  have  been  collected.  All  of  these,  with  one  or  two 
exceptions,  I  have  described  in  detail,  and  furnished  specimens 
to  various  cabinets  in  this  country  and  in  Europe. 

In  grouping  together  these  twelve  falls  and  estimating  the 
amount  of  meteoric  matter  accompanying  them,  I  have  been 
struck  with  the  singular  fact  that  eight  of  them,  with  over  one 
thousand  kilograms  of  matter,  have  occurred  over  the  prairie 
regions  of  the  West,  not  far  from  my  home;  and  the  extreme 
limits  of  these  falls  is  within  a  region  not  exceeding  one-eighth 
of  the  surface  of  the  United  States,  east  of  the  Rocky  Moun- 
tains. It  may  be  supposed  that  one  reason  for  this  may  be 
that  this  region  is  more  thickly  populated  than  others,  and  con- 
sequently that  there  are  more  observera  This  however  is  not 
the  case,  for  the  population  is  not  much  above  the  average  of 
the  country. 

I  have  made  a  map  of  the  region  (see  next  page)  where  these 
eight  falls  occurred,  which  shows  at  a  glance  their  relative 
positions.  The  accompanying  table  gives  a  few  comparative 
details  in  relation  to  each  of  them. 


No. 

Time  of  FaU. 

PlAce  of  Fall. 

Lat. 

Long. 

Entmated 
Weight  of  Fall. 

1 
2 

3 

4 
5 
6 
7 
8 

28th  March,  1859 
l8t  May,        1860 

25ih  March,  1865 

Not  known,  1874 
12th  Feb.,     1875 
2l8t  Dec.,      1876 
3d  Jan.,         1877 
23d  Jan.,       1877 

Harrison  Oa,  Ind. 
Guernsey  Co.  (Con- 
cord), 0. 
Clajwater  (Vernon 

Co.)  Wis. 
Waconda,  Kansas, 
Iowa  Co.,  Iowa, 
Rochester.  Indiana, 
Warrenton,  Missouri, 
Cynthiana,  Ky. 

38''  20' 
40 

43   30 

39   20 
41   40 
41 

38   50 
38   20 

86'  10' 
81   30 

91 

98   10 
92 
8« 

91    10 
84   20 

1-     Irilo. 
500- 

3-         »» 

40-        " 

600-        " 

•40     " 

10-         " 

6-. 

Total,     1060*40  kflos. 

There  have  been  four  other  falls  in  the  United  States  during 
the  same  period ;  but  the  aggregate  weight  of  them  is  less  than 
two  kilograms.  They  occurred  respectively,  Nov.  28th,  18H8, 
lat  84^  80^  long.  87° ;  Dec.  9th,  1868,  lat  84°  80',  long.  87°  50' ; 
Oct  6th,  1869,  lat  82°  10',  long.  85° ;  May  21st,  1871,  lat  44°  30', 
long.  69°  10'. 
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J.  L,  Smith — Description  of  Meteoric  Stones. 


Again :  in  this  region  more  bolides  have  recently  been  ob- 
served than  in  any  other.     Professor  Kirkwood  has  described, 


as  seen  by  him  and  others,  eight  from  July,  1876,  to  February, 
1877,  the  stones  from  three  or  them  are  tliose  described  in  this 
paper,  the  others  left  no  evidence  of  their  passage.  By  per- 
sonal observation  I  have  noted,  in  the  last  two  or  three  years, 
three  splendid  bolides,  that  were  seen  to  burst  in  the  sky,  but 
of  which  no  fragments  were  found ;  these  I  have  described,  and 
still  others  have  been  described  to  me  by  several  observers.  It 
is  a  still  more  striking  circumstance,  that,  in  the  past  sixty 
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years,  there  have  been  twenty  well  noted  falls  of  meteoric 
stones;  and  of  these  just  one  half  have  fallen  within  the 
region  mapped  by  me  as  including  the  eight  falls  of  the 
past  eighteen  years;  and  the  weight  representing  thenj  is 
nearly  twelve  hundred  kilograms — an  amount  twenty  times 
greater  than  that  of  the  other  ten  falls  scattered  over  various 
regions. 

I  have  mentioned  this  singular  fact  not  that  it  has  any  cos- 
mical  significance,  but  simply  as  a  part  of  the  record  I  keep  of 
my  observations  and  study  of  these  curious  links  between 
heaven  aud  earth.  Before  very  long  I  hope  to  put  together  my 
more  recent  speculative  studies  in  regard  to  these  bodies. 


Art.  XXXn. — Notice  of  a  new  genus  of  Annelids  from  Hie  Lower 
Silurian;  by  Geo.  Bird  Grinnell. 

The  Museum  of  Yale  College  has  recentlv  received,  from 
the  rocks  of  the  Cincinnati  group,  a  series  of  fossils  which  are 
of  unusual  interest  The  remains  are  shining  black  in  color, 
and  present  a  striking  contrast  to  the  associated  fossils,  Trilo- 
bites,  Brachiopods,  Urinoids,  etc.,  which  have  assumed  the 
color  and  constitution  of  the  matrix.  An  examination  of  these 
black  remains  shows  that  they  are  the  hard  chitinous  parts  of 
Annelids. 

While  the  presence  of  animals  of  this  group  in  the  Lower 
Silurian  has  been  inferred  from  their  "  trails"  and  impressions 
in  the  rocks,  no  portions  of  their  bodies  have  as  yet  been  found 
preserved  in  the  deposits  of  this  age.  The  remains  which  first 
suggest  themselves  forconiparison  with  these  specimens  are  the 
Conodonts  of  Pander.  Through  the  kindness  of  Professor 
Marsh,  the  writer  has  been  enabled  to  examine  a  number  of 
the  original  specimens  of  these  fossils,  collected  by  Pander  him- 
self near  St  Petersburg ;  and  a  comparison  makes  it  clear  that 
thev  are  ^uite  unlike  the  remains  referred  to.  They  are  widely 
different  in  color  and  form  from  the  material  under  observation, 
while  chemical  tests  show  that  their  composition  is  by  no 
means  similar. 

These  Cincinnati  fossils  include  a  large  number  of  specimens, 
and,  as  might  be  expected,  there  is  a  wide  variation  in  their  form. 
So  little  is  at  present  known  in  regard  to  the  jaws  of  Anne- 
lids, that  any  general  conclusions  drawn  from  the  material  at 
the  command  of  the  writer  would  be  premature ;  and  for  the 
same  reason  it  would  be  unwise  to  distinguish  by  a  name  each 
of  the  many  forms  which  appear.     Further  study  will  doubt- 
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less  fiirnish  data  for  a  more  extended  description,  with  numer- 
ous illustrations,  which  it  is  hoped  will  soon  be  completed. 

1.  "  2. 


X  6.  X  10. 

Nereidavus  varians^  gen.  et  sp.  nov. 

The  jaw  selected  as  a  type  for  the  genus  (fig.  1),  is  one  of  the 
largest  and  most  perfectly  preserved  of  those  at  hand.  It  is 
dark  brown,  with  a  coppery  luster  in  some  places,  this  coloring 
being  due  to  the  weathered  condition  of  tne  specimen.  It  is 
hollow  at  the  base  and  throughout  the  greater  part  of  its  length, 
and  so  strikingly  resembles  the  jaw  of  the  common  Nereis  pelor 
gica  Linn,  of  the  Atlantic  coast,  as  to  render  their  near  affinity 
almost  certain.  The  denticulations,  or  teeth,  are  eight  in  num- 
ber, but  were  probably  more  numerous  originally,  smce  the  pos- 
terior portion  of  the  specimen  is  wanting.  The  anterior  tooth, 
which  is  the  largest,  is  somewhat  twisted  outward,  not  lying  in 
the  same  plane  with  its  fellows.  The  length  of  the  specimen  is 
5*6  mm.,  the  depth  beneath  the  fourth  tooth  1*4  ram. 

A  second  very  perfect  specimen,  which  may  possibly  belong 
with  the  jaw  above  referred  to,  is  represented  in  fig.  2.  It  con- 
tains eighteen  teeth,  the  anterior  one  quite  long  and  stout,  the 
next  five  mere  slight  protuberances,  and  only  to  be  seen  under 
the  microscope,  while  the  remaining  teeth  are  sharp  and  strong. 
The  length  of  the  exposed  portion  of  this  individual  is  2'8 
mm. ;  depth  under  the  first  of  the  strong  teeth,  the  seventh  in 
the  series,  '22  mm.  Since  the  base  of  this  specimen  is  buried 
in  the  rock  and  cannot  be  seen,  it  is  not  altogether  certain 
what  it  is.  It  bears  some  resemblance  to  one  of  the  setae  of 
Nereis  Dumerilii^  Aud.  and  M.  Ed.,  figured  by  Ehlers  in  his 
work  entitled  Die  Borstenwtirmer,  pi.  aX,  fig.  81. 

The  specimens  under  consideration  were  collected  by  Profes- 
sor A.  G.  Wetherby,  near  Cincinnati,  Ohio.  Through  the  en- 
ergy and  courtesy  of  this  naturalist,  a  large  suite  of  specimens 
has  been  secured  and  forwarded  to  New  Haven,  and  to  him 
the  writer  would  express  his  grateful  acknowledgments. 

Yale  College  Museum,  New  Haven,  Comt,  July  28th,  1877. 
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SCIENTIFIC    INTELLIGENCE. 
I.  Physics. 

1.  The  Radiometer, — A  large  number  of  papers  on  this  subject 
have  appeared  during  the  past  few  mouths.  Several  of  these 
have  been  published  in  Poggendorff's  Annaien,  and  of  the  rest, 
excellent  aostracts  are  given  in  the  "  Beibl&tter"  to  that  journal 
They  give  evidence  of  a  very  great  amount  of  ingenuity  expended 
in  devising  experiments  to  test  the  theory  of  this  very  remarkable 
instrument,  and  they  show  how  easily  experimental  evidence  may 
be  misinterpreted  in  support  of  an  assumed  theory  when  the  phe* 
nomena  in  question  are  liable  to  be  modified  by  many  adventitious 
circumstances.  Five  theories  of  the  radiometer  have  found  promi- 
nent and  weighty  advocates.  The  first  regards  the  motion  of  the 
instrument  as  a  direct  eflect  of  radiation.  The  second  refers  it  to 
electrical  action.  The  third  to  convection  currents.  The  fourth 
to  the  emission  of  material  particles  from  the  vanes  or  the  walls 
of  the  instrument.  The  last  finds  in  the  apparatus  simply  a  new 
heat  engine,  and  sees  in  the  motion  a  simple  result  of  the  differ- 
ence of  temperature  of  the  parts,  wholly  in  accordance  with  the 
modem  mecnanical  theory  of  heat. 

When  this  motion  was  first  discovered  it  seemed  to  be  a  direct 
mechanical  effect  of  radiation,  and  there  were  not  wanting  ingenious 
speculations  to  show  how  the  force  exerted  by  the  waves  of  the 
luminiferous  ether  might  be  resolved  so  as  to  produce  such  an 
effect.  It  is  to  be  remarked,  however,  that  Mr.  Crookes,  to  whom 
we  owe  the  discovery,  did  not  indulge  in  such  speculations,  and, 
as  he  says,  aimed  to  keep  himself  unbiased  bv  any  theory  while 
he  accumulated  the  facts  upon  which  a  satisractory  explanation 
might  be  based.  But  the  very  name  radiometer  implied,  and  the 
whole  tenor  of  his  published  papers  have  certainly  justified,  the 
common  opinion  that,  until  very  recently,  he  regarded  the  phe- 
nomena—he had  so  admirably  developed — as  a  direct  effect  of 
radiation,  and  not,  as  he  now  thinks,  a  secondary  result  depending 
on  differences  of  temperature,  which  may  be  produced  by  radiation 
or  by  other  means.  Hence,  several  experimenters  have  labored 
to  show  that  in  the  motion  of  the  little  wheel  of  the  radiometer 
the  reaction  was  exerted  not  against  anything  independent  of  the 
instrument,  but  against  the  enclosing  walls  of  glass.  The  early 
experiments  of  Mr.  Schuster*  on  this  point  were  very  convincing. 
He  hung  the  whole  instrument  by  a  delicate  bifilar  suspension, 
and  found  that  while  the  vanes  were  revolving  under  the  action 
of  a  beam  from  an  oxyhydrogen  lamp,  the  glass  bulb  also  turned 
slightly  in  the  opposite  direction.  Soon  after  M.  Saletf  con- 
structed a  very  ingenious  apparatus  in  which  this  reaction  was 
made  to  turn  a  mica  disk ;  and  very  recently,  M.M.  Bertin  et 

*  Philosophical  Magazine,  Nov.,  1876. 
t  Oomptes  RenduB,  Nov.  20,  1876. 
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Garbe  *  have  published  an  interesting  paper,  in  which  they  show 
by  careful  measurements  that  the  reaction  of  the  glass  bulb  fully 
accounts  for  the  motion  of  the  wheel ;  and  their  investigation 
may  be  regarded  as  finally  disposing  of  the  radiation  theory,  by 
proving  that  the  motion  of  the  wheel  of  the  radiometer  is  wholly 
caused  by  forces  which  act  within  the  fflass  bulb. 

The  electrical  theory  has  never  had  many  supporter?.  It  ib, 
however,  defended  in  two  recent  articles  by  J.  Delsaulxf  and  W. 
de  Fonvielle.'^  In  opposition  it  is  urged  that  no  distribution  of 
statical  electncity  could  maintain  a  constant  motion,^  and  farther, 
Mr.  Crookes§  cites  an  experiment  of  Mr.  Cromwell  F.  Varley,  with 
an  apparatus  so  arranged  that  the  electrical  condition  coald  be 
tested  with  a  delicate  electroscope ;  when  not  the  slightest  trace 
of  electrical  excitement  could  be  detected,  although  the  motion  of 
the  wheel  was  regularly  maintained. 

The  convection  theory  has  been  recently  advocated  by  F. 
Neesen,!  who  describes  a  number  of  experiments  which  he  thinks 
indicate  that  the  wheel  of  the  radiometer  is  moved  by  the  gas 
currents  occasioned  by  the  rising  or  falling  of  the  residual  air 
particles  as  they  are  warmed  or  cooled,  at  the  surfaces  of  the 
vanes  or  of  the  enclosing  glass  walls.  But  the  effects  he  obtains 
by  placing  similar  wheels  unsymmetrically  under  the  receiver  of 
a  mercury  pump,  do  not,  as  it  seems  to  us,  necessitate  his  expla- 
nation, and  moreover  the  distinction  between  the  effect  of  con- 
vection currents  and  the  peculiar  motion  of  the  radiometer  is 
strikingly  marked  in  many  experiments  which  have  been  elsewhere 
described,  the  one  passing  into  the  other  at  a  certain  degree  of 
exhaustion.1[ 

The  emission  or  evaporation  theory  appears  to  have  originated 
with  Mr.  Osborne  ReynoKis.  It  wa«  later  maintained  by  Grovi,** 
and  recently  it  has  formed  the  subject  ol  an  extended  article — ^in 
three  parts — by  F.  Zdllner.ft  This  theory  refers  the  motion  to  an 
alternate  emission  and  absorption  of  material  particles — deter- 
mined by  variations  of  temperature — at  the  several  surfaces, 
between  which  the  moving  forces  in  the  radiometer  are  exerted. 
The  particles  thus  emitted  may  be  either  those  of  aeriform  sub- 
stances adhering  to  or  occluded  by  the  solid  materials  of  which 
the  instrument  is  made — as  Reynolds  supposed — or  it  may  be,  as 
Zdllner  suggests,  that  these  solids  themselves  evaporate  slowly 
into  the  vaccuous  space.  Leaving,  however,  such  questions  in 
abeyance — as  these  physicists  prefer, — ^there  is  no  doubt  that  the 
general  order  of  the  phenomena  might  be  explained  if  the  assump- 
tions which  the  emission  theory  requires  could  be  accepted ;  but 
on  the  other  hand,  the  phenomena  which  Zdllner  adduces  in  sup- 
port of  his  view,  may  be, — for  the  most  part  at  least— ftiUy  as  well 
explained  by  the  more  general  mechanical  theory  of  heat.     Z5U- 

*  Annalea  de  Ghim.  et  de  Phys.,  [Y]  zi,  46,  Mai,  1877. 

\  Beibl&tter,  i.  170.         %  Beibl&tter,  i,  329.         §  Pogg.  Ann.,  dz,  143. 

I  Compare  Zdllner,  Pogg.  Ann.,  dx,  459.      ^  Proc.  Royal  Soo.,  1874,  June  18. 

**  Pogg.  Ann.,  dz,  1^,  296  and  459.  ff  Comptes  Bendoa,  iTTriii,  1. 
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ner  endeavors  to  show*  that  the  mean  path  of  the  molecules  of  the 
residual  gas  in  the  bulb  of  the  radiometer,  when  it  is  in  the  condi- 
tion of  maximum  sensitiveness,  is  not  large  enough  to  fulfill  the 
conditions  which  the  mechanical  theory  requires.  On  the  other 
side,  Crookesf  has  obtained  motion  or  the  reverse,  under  condi- 
tions which  certainly  appear  incompatible  with  the  emission  the- 
ory. Moreover,  the  very  fact  which  appears  to  have  been  well 
established  by  several  observers,  that,  with  a  certain  degree  of 
exhaustion,  different  for  different  gases,  a  point  of  maximum  sen- 
sitiveness is  reached,  and  that  on  further  exhaustion  the  sensitive- 
ness rapidly  diminishes,  seems  to  us,-r-especially  when  viewed  in 
connection  with  the  experiments  just  referred  to — fatal  to' the 
emission  theory. 

The  last  theory  we  have  to  consider  is,  as  we  have  said,  but  a 
phase  of  the  mechanical  theory  of  heat.  The  application  of  the 
now  well  known  principles  of  molecular  dynamics  to  the  explana- 
tion of  the  new  phenomena  is  said  to  have  been  first  suggested  by 
Mr.  Johnstone  Stoney.f  Similar  views  were  also  very  early  ex- 
pressed by  Professors  Tait  and  Dewar.J  More  recently  they  have 
been  adopted  by  Mr.  Crookes,§  and  are  now  very  generally  ac- 
cepted by  physicists. 

According  to  the  mechanical  theory  of  heat,  the  molecules 
of  any  gas  which  rebound  from  a  surface  with  a  temperature — 
that  is,  with  a  velocity — different  from  that  with  which  they 
struck,  must  cause  a  recoil,  and  this  must  be  the  general  case 
whenever  the  temperature  of  the  surface  is  different  from  that  of 
the  mass  of  the  gas.  Unless,  however,  the  density  of  the  gas  is 
exceedingly  smsul,  the  rebounding  molecules  almost  at  once  collide 
with  their  neighbors,  and  are  immediately  driven  back  against 
the  same  surface.  Thus  the  change  of  temperature  merely  affects 
a  very  thin  layer  of  molecules  near  the  surface,  and  these  are  only 
slowly  displaced  by  convection.  In  such  an  atmosphere,  the 
vanes  of  a  radiometer,  for  example,  with  the  adjacent  molecules, 
are  parts  of  one  system,  and,  by  a  well  known  mechanical  law,  no 
motion  of  the  system  as  a  whole  can  be  produced  by  any  action 
between  its  parts ;  but  when  the  medium  becomes  so  rare  that 
the  mean  path  of  the  molecules  is  comparable  with  the  dimensions 
of  the  enclosing  vessel,  so  that  some  of  the  molecules,  rebounding 
from  the  vanes  of  the  radiometer,  may  even  reach- the  opposite 
walls,  then  of  course  a  force  is  exerted  between  the  opposing  sur- 
faces, and  the  now  familiar  motion  of  the  wheel  is  the  result.  The 
radiometer  is  then  simply  a  heat  engine  in  which  the  action  takes 
place  between  two  surfaces  of  different  temperature,  the  heater  and 
the  cooler  of  the  engine.  As  such  a  difference  of  temperature  may 
be  maintained  in  a  great  variety  of  ways,  so  the  apparatus  admits 
of  a  great  number  of  modifications.     Moreover,  it  is  obvious  that 

»  Pogg.  Ann-,  clx,  305.    t  Beiblatter,  i,  167  and  330.    J  Nature,  July  15th,  1876. 
g  Plulosophical  TransactionB,  vol.  dzvi,  p.  375,  in  postscript  dated  June  17, 1877. 
See  also  Mr.  Stoney*8  papers.    Phil.  Mag.,  V,  i,  pp.  177-182,  306-314,  (1876). 
AM.  JooR,  8ci.— Third  Sbries,  Vol.  XIV,  No.  81.— Sept,  1877. 
16 
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when,  as  in  most  cases,  the  difference  of  temperature  is  the  result 
of  radiation,  very  irregular  effects  may  be  produced  by  the  dif- 
ferent absorbing  or  radiating  power  of  the  surfaces  for  the  various 
rays  of  the  spectrum,  and  also  by  similar  differences  in  the  dia- 
thermancy of  the  glass  envelope.  It  is  not  surprising  then  that 
some  of  the  phenomena  which  have  been  met  in  the  course  of  the 
numerous  investigations  already  made  on  this  subject,  should  have 
been  so  difficult  to  trace.  There  can  be  no  question,  however, 
that  the  general  order  of  the  phenomena  is  iiilly  explained  by  this 
theory.  In  the  postscript  just  referred  to,  Mr.  Crookes  writes, 
"  Twelve  months^  research,  however,  has  thrown  much  light  upon 
these  actions,  and  the  explanation  afforded  by  the  dynamical 
theory  of  gases  makes,  what  was  a  year  ago  obscure  and  contra- 
dictory, now  reasonable  and  intelligible.'' 

It  does,  however,  still  remain  to  show  that  the  dynamical  theory 
of  heat  is  quantitatively  as  well  as  qualitatively  confirmed  by  the 
new  phenomena.  The  necessary  measurements  unfortunately  pre- 
sent very  great  experimental  difficulties,  and  the  data  thus  far 
obtained  can  only  be  regarded  as  rough  estimates,  and  for  this 
reason  we  do  not  attach  much  importance  to  the  criticisms  of 
Zollner  already  referred  to.  Among  the  results  bearing  on  this 
question  recently  obtained,  the  most  interesting  are  the  following. 

Of  course,  according  to  the  theory  in  question,  there  would  fc 
no  motion  whatever  m  an  absolute  vacuum,  and  hence,  as  we 
have  intimated,  the  molecular  pressure  on  the  vanes  of  a  radiom- 
eter ought  to  reach  a  maximum  effect  with  a  certain  limited 
degree  of  exhaustion.  Moreover,  as  the  length  of  the  mean  path 
of  a  molecule,  other  things  being  equal,  depends  on  the  molecular 
weight, — the  lightest  molecules  having  the  greatest  extent  of  mo- 
tion under  the  same  conditions, — ^it  also  follows  that  the  limit  just 
mentioned  should  be  sooner  reached  in  the  residue  of  a  light  than 
in  that  of  a  heavier  gas.  In  accordance  with  these  anticipations, 
Mr.  Crookes  has  found  that  while  with  hydrogen  the  maximum 
effect  is  reached  at  a  tension  of  about  0*0632  millimeters,  it  is 
not  obtained  with  oxygen  until  the  tension  is  reduced  to  0*0228 
millimeters,  or  less  than  one  half  of  the  previous  value.  In  an 
ordinary  radiometer,  according  to  the  same  experimenter,  the 
tension  of  the  residual  air  is  about  0*19  millimeters,  but  he  has 
succeeded  in  reducing  it  to  0*0076  millimeters,  and  then  the 
velocity  of  the  motion  was  only  one-tenth  of  the  maximum. 
Still  later  he  states  that  by  heating  the  bulb  to  300**  during 
the  exhaustion,  he  has  been  able  to  reduce  the  tension  to  one  or 
two  millionths  of  an  atmosphere,  and  that  he  can  most  readily 
secure  the  condition  of  greatest  sensitiveness  by  first  pushing 
the  exhaustion  to  the  utmost  limit  of  the  power  of  his  appa- 
ratus,* and  then  with  the  aid  of  a  peculiarly  constructed  cock 
allowing  gas  to  enter  until  the  proper  tension  is  reached.     By 

*  Crookes  has  obtained  these  later  results  with  a  new  form  of  the  Sfffengd 
pumpf  oontrived  bj  G.  H.  Gimingham,  and  an  ingenious  application  of  the  mer- 
cury gauge  to  measuring  low  tensions,  made  by  MoLeod.  Full  descriptions  of 
these  new  forms  of  apparatus,  with  figures,  wOl  be  found  in  the  Beibl&tter,  L  175. 
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usrag  vanes  of  mica  previously  rendered  anhydrons  by  ignition 
and  working  with  hydrogen,  he  has  thus  succeeded  in  constructing 
a  radiometer  of  such  sensibility  that  it  moved  under  the  sole  influ- 
ence of  the  moon's  rays.  The  results  of  Finkener  on  the  point  of 
maximum  sensibility  in  difierent  gases  confirm  those  of  Crookes, 
the  two  series  of  measurements  agreeing  as  nearlv  as  could  be 
expected,  and  all  these  results — with  yet  others — have  been  col- 
lected in  a  very  interesting  paper  recently  published  by  M. 
Bertin.*  No  one  has  yet  succeeded  in  pushing  the  exhaustion  so 
far  beyond  the  point  of  maximum  effect  that  the  radiometer  be- 
came again  insensible  to  radiation,  nor  was  that  to  be  expected. 

It  is  another  consequence  of  the  dynamical  theory  of  gases  that 
a  radiometer  with  a  small  bulb  ought  to  be  more  sensitive — under 
otherwise  like  conditions — than  one  with  a  large  bulb,  and  this 
also  has  been  fully  realized  by  Mr.  Crookes.t  Quite  recently, 
Stoney  and  MossJ  nave  published  some  preliminary  results  of  an 
investigation,  in  which  they  propose  to  compare  the  molecular 
pressure  between  the  "cooler"  and  "heater''  in  this  new  form  of 
neat  engine  at  different  distances  and  with  various  gas  residues, 
and  under  varying  conditions  of  tension,  temperature,  etc.  The 
investigation  was  begun  soon  after  the  publication  of  Stoney's 
original  communication  to  the  Phil.  Mag.,  March,  1876,  and  is  not 
yet  completed.  They  give  a  description  of  their  apparatus,  and 
they  call  the  reaction  exerted  between  the  cooler  and  heater  in 
the  radiometer  and  all  similar  instruments,  "Crookes*  Force." 
We  must  refer  to  their  paper  for  details  which  appear  to  authorize 
the  conclusion  that  in  a  residue  of  hydrogen  having  a  tension  of 
five  millimeters,  the  molecular  pressure,  or  "  Crookes*  Force,"  is 
sensible  at  a  distance  of  at  least  ten  millimeters. 

Again,  although  the  molecular  pressure  we  are  considering  must 
in  general  conform  to  the  well  known  laws  of  hydrostatics,  like 
the  tension  of  the  atmosphere,  yet  the  mechanical  theory  of  gases 
would  lead  us  to  anticipate  certain  striking  differences  of  effect 
resulting  from  the  great  amplitude  of  the  molecular  motion  in  an 
extremely  rarified  medium.  Thus  the  tension  of  the  atmosphere 
does  not  move  the  vanes  of  an  anemometer;  but  a  wind  does. 
And  in  a  somewhat  similar  way — when  the  wheel  of  a  radiometer 
is  made  like  that  of  the  anemometer — the  resultant  of  the  recoils 
due  to  the  acceleration  of  the  rebounding  molecules  will  be 
greater  on  the  convex  than  on  the  concave  surface  of  the  cups, 
although  being  made  of  thin  metal  plate,  the  temperature  of  the 
two  surfaces  must  be  essentially  tne  same.  Such  effects  have 
been  studied  both  by  Crookes§  and  by  Z5llner.| 

It  is  greatly  in  favor  of  the  view  of  the  subject  last  presented 
that  it  does  not  invoke  a  new  agency  or  exaggerate  an  old  one  to 
explain  the  new  phenomena ;  but  it  is  merely  a  new  phase  of  an 
already  well  established  theory,  which,  by  thus  readily  marshalling 
the  new  phenomena,  becomes  more  firmly  established.     Indeed,  to 

*  Axmales  de  Ohimie  et  PhTsique,  Y,  x,  396,  Mare,  187*7.      f  Beiblatter,  i,  166. 
1  Beiblatter,  i,  318,  No.  6;  also  Proc.  Roy.  Soc.,  xxv,  553. 
§  Beiblatter,  i,  169.  |  Fogg.  Ann.,  dx,  169. 
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those  who  accept  this  theory  the  radiometer  becomes  an  instra- 
ment  of  the  very  higheHt  interest,  affording  as  it  does,  another 
and  very  striking  manifestation  of  molecular  motion.  MoreoTer, 
when  we  shall  be  able  to  overcome  the  experimental  difficulties 
so  as  to  estimate  with  certainty  the  force  exerted  under  determin- 
ate conditions,  we  may  hope  to  obtain  by  its  aid  a  direct  measure 
of  absolute  molecular  magnitudes. 

We  may  be  permitted  to  add  to  this  notice  a  brief  account  of  a 
few  experiments  made  with  the  radiometer  at  Cambridge  in  the 
spring  of  1876,  soon  after  the  instrument  had  been  received  from 
Europe.  We  became  at  once  greatly  interested  in  the  new  phe- 
nomena, and  with  the  aid  of  a  skillful  glass  blower  made  more 
than  a  hundred  instruments  of  different  patterns.  Our  experience 
led  us  at  once  and  independently  to  the  theory  of  its  action  now 
generally  received ;  but  although  we  sustained  this  view  in  our 
college  lectures,  in  a  communication  to  the  American  Academy, 
and  in  a  popular  article  in  the  Boston  Daily  Advertiser,  we  did 
not  otherwise  publish  our  results,  because  we  felt  that  the  field  had 
been  in  a  measure  preempted  by  the  discoverer  of  the  phenomena, 
who  was  then  investigating  the  subject,  and  who,  we  felt  sure, 
must  come  at  last  to  the  same  conclunions  which  we  had  reached 
Our  results  can  now  add  nothing  to  the  strength  of  the  theory, 
which  has  been  since  so  well  worked  out  by  Mr.  Crookes,  but 
two  of  the  experiments  have  never  been — so  far  as  we  know — 
described  before,  and  being  so  simple  that  they  can  be  easily 
repeated  in  any  phvsical  cabinet,  a  description  of  them,  even  at 
this  late  day,  may  have  an  interest  for  teachers  of  physics. 

We  first  experimented  with  a  common  radiometer  having  mica 
vanes  blackened  on  one  side,  which  we  placed  in  a  beam  of 
parallel  rays  from  an  oxyhydrogen  lantern  ;  and  having  satisfied 
ourselves — bv  using  an  alum  cell — that  the  rays  acted  chiefly  at 
least  through  their  heating  and  not  their  luminous  power,  we 
made  at  once  this  experiment.  We  placed  an  opaque  screen  near 
the  radiometer  so  that  only  the  blackened  faces  should  be  exposed 
as  the  wheel  turned  the  vanes  into  the  beam  of  light.  We  then 
counted  with  a  stop  watch  the  number  of  seconds  which  passed 
during  ten  revolutions.  We  then  in  a  similar  way  exposed  only 
the  uncoated  faces ;  when  the  wheel  continued  to  turn  in  the  same 
direction^  although  much  more  slowly  than  before.  Again  we 
counted  the  revolutions.  Lastly  we  counted  the  revolutions  while 
the  beam  shone  on  both  sides  of  the  vanes  as  usual  We  repeated 
the  experiment  several  times,  and  were  surprised  at  the  remark- 
able constancy  of  the  results.    They  were  as  follows : 

Time  of  ten  Bevolntlons  In 

rerolutlonB.  aame  tfme. 

With  both  faces  exposed 8*  319 

With  lampblack  faces  alone  exposed 11'  232 

With  mica  faces  alone  exposed 29'  8S 

and  it  will  be  noticed  that  88+232  equals  very  nearly  819.  Now 
any  uniform  force  whatever,  acting  from  without  and  at  once  on 
the  two  arms  of  a  lever  like  these  vanes,  must  act  differentially 
and  not  concurrently,  as  here.  .  Hence  the  reaction  which  causes 
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the  TDOtioD  must  take  place  between  the  parts  of  the  instmment 
itself;  or  else  we  are  ariven  to  the  most  improbable  alternative 
that  lampblack  and  mica  should  have  such  a  remarkable  selective 
power  that  the  impulses,  then  supposed  in  some  mysterious  way 
to  be  imparted  by  the  beam  of  light,  could  exert  a  repulsive  force 
at  one  surface  and  an  attractive  force  at  the  other.  Were  there, 
however,  such  an  improbable  effect,  it  must  be  independent  of  the 
thickness  of  the  mica  vane ;  while  on  the  other  hand,  if^  as  seemed 
to  us  most  probable,  the  whole  effec^t  depended  on  the  difference 
of  temperature  between  the  lampblack  and  the  mica,  and  if  the 
liffht  produced  an  effect  on  the  mica  surface  only  because  the 
mica  plate  being  diathermous  to  a  very  considerable  extent,  the 
lampblack  became  heated  through  the  plate  more  than  the  plate 
itseu,  then  it  would  follow  that  if  we  used  a  thicker  mica  plate, 
which  would  of  course  absorb  more  of  the  heat,  we  ought  to  ob- 
tain a  marked  difference  of  effect.  Accordingly  we  repeated  the 
experiment  with  an  equally  sensitive  radiometer — which  we  made 
for  the  purpose  with  comparatively  thick  vanes ;  and  with  this 
the  effect  of  a  similar  beam  of  light  on  the  mica  surface  was  abso- 
lutely null,  the  wheel  revolving  in  the  same  time  whether  these 
faces  were  protected  or  not.  It  was  now  an  obvious  step  to  heat 
the  glass  of  the  bulb  independently  of  the  vanes  in  order  to  see  if 
under  these  circumstances  we  should  not  obtain  a  reverse  action. 
This  was  easily  effected  both  by  warming  the  glass  over  a  lamp 
and  also  by  placing  the  bulb  tangentially  toward  the  beam  from 
the  lantern,  so  that  it  heated  the  glass  without  striking  the  vanes 
of  the  wheel.  We  thus  easily  obtained  the  now  famiuar  reverse 
motion,  but  which  was  to  us  a  new  discovery.  We  therefore  felt 
ourselves  justified  in  speaking  of  the  radiometer,  as  we  did  in  the 
communications  referred  to,  as  a  heat  engine,  of  which,  when  mov- 
ing in  the  ordinary  way,  the  lampblack  surface  of  the  vanes  is 
the  "heater"  and  the  inner  surface  of  the  glass  bulb  the  "  cooler," 
but  in  which  these  conditions  could  be  reversed  as  just  described. 
And  then  the  parallel  with  the  steam  engine,  which  we  drew,  sug- 
gested the  extension  of  the  dynamical  theory  of  gases  to  include 
the  new  phenomena  almost  in  the  very  words  used  above.  More- 
over, while  exhausting  the  large  number  of  radiometers  of  which 
we  have  spoken,  we  noticed  variations  in  the  effects  produced, 
caused  by  differences  in  diathermancy  between  crown  and  flint 
glass,  and  were  thus  led  to  realize  what  an  important  part  this 
property  of  matter  played  in  these  phenomena.  We  also  ob- 
served that  the  larger  the  bulb  to  tne  greater  degree  must  the 
exhaustion  be  pushed  in  order  to  obtain  equal  sensitiveness.  We 
further  found  that  the  same  sensitiveness  could  be  more  readily 
obtained  with  a  residue  ol*  hydrogen  than  with  one  of  air,  and  we 
recognized  plainly  that  there  was  with  each  instrument  a  point  of 
maximum  sensitiveness  which  could  not  be  exceeded.  We  had 
also  devised  an  apparatus  for  measuring  the  force  exerted  under 
determinate  conditions,  but  our  experiments  were  brought  to  an 
end  bv  the  sudden  death  of  the  only  skillftil  glass  blower  in  our 
neighborhood. 
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Soon  after  these  experiments,  Mr.  B.  O.  Peirce,  now  assistant 
in  the  Phy6ical  Laboratory  of  Harvard  College,  made  the  fol- 
lowing striKing  comparison  of  the  relative  effects  produced  by  a 
large  variation  in  tne  same  radiant  source  on  a  radiometer  and 
a  thermopile.  He  used  a  large  Bunsen  burner  provided  with 
an  air  valve,  so  that  the  non-luminous  could  be  at  once  changed 
to  a  luminous  flame.  He  placed  the  burner  midway  between 
the  radiometer  and  the  pile  which  were  about  one  meter  apart. 
The  radiometer  was  protected  from  the  radiation  of  surroanding 
objects  by  a  tin  case,  blackened  on  the  inside,  except  where  a 
circular  aperture  admitted  the  rays  of  the  lamp  and  where  the 
reflecting  surface  of  the  cover  set  obliquely  enaoled  the  observer 
to  count  the  revolutions  of  the  radiometer  wheel.  In  front  of  the 
thermopile  was  placed  an  opa<|ue  screen,  having  an  aperture  of 
the  same  size  as  that  of  the  radiometer  case,  and  also  a  thin  plate 
of  glass  to  correspond  to  the  glass  of  the  radiometer  bulb.  Be- 
ginning with  the  non-luminous  flame,  Mr.  Peirce  counted  the 
number  of  turns  of  the  wheel  of  the  radiometer  in  a  minute,  and 
also  took  the  readings  of  the  galvanometer;  then,  after  rendering 
the  flame  luminous  (by  shutting  the  air  valve),  the  same  observa- 
tions were  repeated.  A  comparison  of  the  similar  values  gave, 
of  course,  the  relative  radiation  of  the  non-luminous  and  the 
luminous  flame  as  measured  by  the  radiometer  on  the  one  side 
and  the  thermopile  on  the  other. 

Radiometer.  TbennopUe. 

1.  0-34.^  0-281 

2.  0-309  0-380 

3.  0-248  0-283 

4.  0-267  0-325 
6.                         0-277  0-350 

6.  0-367  0-260 

7.  0-394  0-304 

Mean,  0-316  0-311 

While,  therefore,  there  was  quite  a  large  variation  between  the 
several  observations,  as  might  be  expected  with  such  a  variable 
source  as  a  Bunsen  flame,  yet  the  close  agreement  of  the  averages 
showed  conclusively  that  with  the  radiometer,  as  with  the  thermo- 
pile, the  effect  caused  by  the  rays  of  light  must  arise  solely  from 
the  change  of  temperature  thus  produced.  It  will  be  noticed  that — 
as  measured  by  either  instrument — the  radiation  of  the  luminous 
flame  produced  only  about  three  times  the  effect  obtained  from 
the  non-luminous  flame ;  while  a  photometric  comparison  made  at 
the  same  time  showed  that  the  illuminating  power  of  the  first  was 
at  least  a  thousand  times  greater  than  that  of  the  second.  Two 
separate  experiments  gave  1080  and  1079  times  greater  respec- 
tively. 

In  this  notice  we  have  been  able  to  refer  to  only  a  few  of  the 
salient  points  presented  in  recent  articles  on  the  radiometer,  and 
it  will  of  course  be  understood  that  our  limits  prevent  us  from 
even  alluding  to  a  large  number  of  other  very  interesting  obser- 
vations bearing  on  the  subject.  J.  p.  a,  jr. 
Newport,  August  3d,  1877. 
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IL  Geology  a^^d  Mineralogy. 

1.  Gravd  deposits  referred  to  the  Drift,  in  Boone  County^ 
Kentucky. — Mr.  Geobge  Sutton  states  (Proc.  Amer.  Assoc, 
1876,  p.  226),  that  on  the  highest  part  of  the  table-land  in  Boone 
County,  Kentucky,  450  to  500  feet  above  high-water  mark  in  the 
Ohio,  there  are  extensive  deposits  of  gravel,  some  of  which  is 
cemented  into  a  firm  conglomerate.  Similar  Accumulations  occur 
at  a  height  of  about  100  ^t  above  the  same  level  near  the  mouth 
of  Wolper  Creek,  and  a  bluff  of  it  at  this  place  has  a  height  of  72 
feet.  It  here  blends  with  a  stratified  terrace  formation  which  ex- 
tends for  six  or  seven  miles  along  the  river  and  is  in  some  places 
over  a  mile  in  width.  The  material  is  unstratified,  small  pebbles 
and  large  angular  bowlders  being  mingled  in  confusion.  Near 
this  part  of  Kentucky,  the  Great  Miami  and  the  White  Water 
rivers,  coming  from  the  north,  empty  into  the  Ohio,  where  the 
river  makes  a  sudden  bend  to  the  southeast,  forming  an  acute 
western  angle  of  the  great  North  Bend.  A  line  drawn  from  the 
valleys  of  these  rivers  across  this  acute  angle  intersects  the  drift 
conglomerate  at  Wolper  Creek.  Along  this  line,  behind  hills  east 
of  Petersburgh,  Kentucky,  there  is  an  ancient  valley  of  the  Ohio, 
three  to  four  miles  long  and  half  a  mile  broad,  cut  out  of  the 
rocks,  which  is  now  above  the  highest  floods  of  the  river.  The 
drift  accumulations  are  attributed  to  glacier  ice  coming  down  the 
Miami  and  White  Water  valleys,  and  crossing  the  Ohio  valley, 
caiTying  drift  material  for  deposition  beyond.  The  author  sup- 
poses that  there  may  have  been  ice  obstnictions  in  the  Ohio  below, 
to  have  favored  the  transfer  across ;  but  if  the  glacier  was  the 
wide-spread  northern  glacier,  extending  across  into  Kentucky, 
the  obstructions  would  hardly  have  been  necessary.  North  of 
the  Oliio  the  drift  occurs  nearly  opposite  Loughery  Island,  and  at 
the  mouth  of  Hogan  Creek,  at  about  the  same  height  as  the  river- 
terrace  formation  in  Kentucky.  That  of  Hogan  Creek  consists  of 
laminated  clay  and  loam  with  very  little  gravel,  and,  as  the  author 
remarks,  it  was  evidently  formed  away  from  the  current  of  the 
Ohio  River. 

2.  Gravel  Ridges  in  the  Merrimack  valley, — Mr.  G.  F.  Wright 
describes  the  gravel  ridges  connected  with  the  Quaternary  of  the 
Merrimack  valley,  in  the  vicinity  of  Andover  and  both  south  and 
north  of  that  place,  in  the  Proceedings  of  the  Boston  Society  of 
Natural  History  for  December,  1876.  At  Andover  there  are 
three  such  ridges,  at  a  height  of  82,  90,  and  132  feet  above  the 
bed  of  the  river,  the  highest  being  most  remote  from  the  stream. 
They  are  often  only  wide  enough  at  top  for  a  foot  path.  The 
courses  of  the  ridges  are  more  or  less  tortuous,  and  they  are 
frequently  broken  into  hills  among  which  are  often  depressions 
occupied  by  water.  They  consist  of  sand,  gravel  and  water-worn 
stones,  and  stones  from  a  few  inches  to  two  feet  through,  and 
they  are  not  in  all  parts  stratified.     The  coarse  material  is  as 
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likely  to  abound  near  the  top  as  at  the  bottom.  The  material 
overlies  the  "bowlder  clay''  or  "till"  of  the  region.  These 
ridges  are  part  of  what  are  referred  to  as  "  Karnes  "  by  Mr.  W. 
Upham  in  a  paper  noticed  on  page  166  of  this  volume.  They  are 
regarded  by  Mr.  Wright  as  depositions  directly  firom  the  glacier 
during  its  dissolution,  modified  afterward  by  the  water  which, 
especially  in  the  summer  mouths,  would  have  flowed  freely,  ov^*, 
beneath  and  from  the  foot  of  the  glacier. 

3.  On  the  supposed  Fossil  Tracks  called  Protichnites  and 
Climatichnites ;  by  Professor  E.  J.  Chapman. — The  Potsdam 
sandstone  of  Beuhamois  and  Yaudreuil,  Canada,  near  the  jono- 
tion  of  the  St  Lawrence  and  Ottawa  rivers,  and  the  same  forma- 
tion in  the  vicinity  of  Perth,  Canada,  afforded  the  JProtichnites, 
four  species  of  which  were  made  out  by  Professor  Owen.  Profes- 
sor Chapman,  of  Toronto,  concludes,  from  his  examination  of  them 
that  they  are  impressions  of  large  fUcoids.  This  view  he  regards 
as  htrengthened  by  the  occurrence  of  the  Protichnites  at  Perth 
along  with  the  impressions  known  as  CHmatichnites,  The  latter 
have  the  foim  of  a  band  five  to  six  inches  wide  and  several  feet 
in  length,  with  transverse  series  of  narrow  parallel  ridges,  an 
inch  and  three-quarters  apart,  which  he  believes  cannot  oe  ex- 
plained satisfactorily,  except  on  the  supposition  of  their  having 
been  the  impressions  of  large  fucoids.  rrofessor  Chapman  there- 
fore suggests  a  change  in  the  names  to  Protichnides  and  CU- 
matichnides, —  Canadian  Jounmly  July,  1877. 

4.  Glaciers  of  the  S^oiss  Alps  in  the  Glacial  era.  —  Mr.  A 
Favrb  has  prepared  a  chart  containing  the  results  of  his  stndy 
of  the  older  glacial  phenomena  of  the  Alps.  It  is  on  a  scale  of 
ggoWTT'  He  states  that  the  contours  of  five  principal  glaciers 
proceeding  severally  from  the  Swiss  valleys  of  the  Rhine,  the 
Aar,  the  Reuss,  the  Linth  and  the  Rhine,  have  been  distinguished 
and  their  limits,  as  nearly  as  obtainable,  have  been  laid  down. 
The  thickness  of  the  glaciers,  as  deduced  from  the  erratic  blocks 
along  the  upper  limit  was  from  1,200  to  1,600  meters.  Fronj 
the  distribution  of  bowlders,  the  pitch  of  the  upper  surface  of  the 
ancient  glaciers  has  been  ascertained  to  be  aoout  thirty  feet  in 
1,000,  in  the  narrow  valleys,  while  elsewhere  it  was  more  gentle; 
and  in  some  places  the  surface  was,  for  60  kilometers  in  len^h, 
horizontal  or  nearly  so.  This  state  of  things  gives  to  the  ancient 
Swiss  glaciers,  as  he  remarks,  a  close  resenablance  to  those  which 
now  cover .  Greenland  and  Spitzbergen.  —  Verhandl,  Nat  Ges, 
Basel,  1875-76,  p.  136. 

5.  The  Geology  of  New  Hampshire,  C.  H.  Hitchcock,  State 
Geologist,  J.  H.  Huntington,  Wabben  XJpham,  and  G.  W. 
Hawks,  Assistants.  Part  II,  Stratigraphical  Geology.  684  pp. 
Royal  8vo,  with  many  maps,  plates,  and  sections.  Concord,  1877. 
— A  notice  of  this  Report  is  deferred  to  another  number. 

6.  Lithology  of  the  Adirondacks, — Professor  A.  R.  Lkbds  has 
described,  in  the  American  Chemist  for  March,  rocks  from  the 
Adirondacks  collected  by  him  in  £ssex  County  and  mostly  in  the 
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valley  and  township  of  Keene.  He  adopts  for  the  rocks,  which 
Hant  showed  to  consist  of  feldspar  identical  with  or  near  Labra- 
dorite  along  with  hypersthene  or  a  related  angitic  or  hornblendic 
mineral  (and  more  or  less  of  magnetite  or  menaccanite),  the  name 
norite,  and  uses  the  terms  hjrpersthenic  norite,  hornblendic  noiite, 
pyroxenic  norite,  for  varieties.  He  gives  the  specific  gravities  of 
forty-four  varieties  of  norites,  which  vary  from  2-67  to  3*459,  the 
proportion  of  the  feldspar  to  the  amphibolic  species  and  menacanite 
determining  it.  The  labradorite,  from  the  norite  forming  the  mass 
of  Mount  Maroy  afforded  him  on  analysis — 


SiO, 

AIO3 

FeO^    FeO    CaO      MgO    Na,0    K,0    H,0    TiO, 

64-47 

26-46 

J -30    0-66     10-80    0-69      4-37      0-92      0*63   iindet=100-19 

giving  the  quantivalent  ratio  for  the  protoxides,  sesquioxides  and 
silica,  1  'l.S  :  3 :  6*83.  Another  analysis  was  made  of  a  waxy  felsitic 
variety,  from  the  same  j)lace,  which  afforded  very  nearly  the  same 
result 

Professor  Leeds  gives  also  an  analysis  of  a  dolervte  from  the 
region,  and  others  of  uhe  pyroxenic  portion  of  the  Slount  Marcy 
norite.  He  also  gives  the  characters  afforded  by  thin  slices  of 
some  of  the  rocks. 

7.  On  a  neio  method  of  determining  the  species  of  Feldspars 
contained  in  rocJcs^  by  Dr.  J.  Sza  b6,  Professor  of  Mineralogy  and 
Geology  in  the  University  of  Budapest,  Hungary.  88  pp.  8vo ; 
with  eleven  wood-cuts  ancl  five  colored  plates.  Budapest,  1876. — 
Professor  Szab6  states,  in  the  opening  of  his  memoir,  that  his  new 
method  of  determining  the  feldspar  species  is  based  upon  the 
well-known  papers  of  Bunsen  entitled  "  Ldthrohrversuche "  and 
"Flammenreactionen."  This  method,  to  the  elaboration  of  which 
he  has  devoted  four  vears  of  study  and  experiment,  is  based,  first, 
upon  the  accurate  determination  of  the  degree  of  fusibility,  and, 
secondly,  upon  the  degree  of  coloration  of  the  fiame,  observed 
under  certain  conditions,  from  which  the  amounts  of  sodium  and 
potassium  present  are  estimated.  For  the  detailed  description  of 
the  methods  employed  in  the  different  experiments  reference 
must  be  made  to  the  paper  itself.  The  main  points  are  as  follows : 
The  only  articles  of  apparatus  needed  are :  an  ordinary  Bunsen 
lamp;  a  fine  platinum  wire  fastened  in  a  short  piece  of  glass  tube 
and  having  a  small  loop  on  the  free  end ;  and  a  support  with  an 
arm,  adjustable  at  any  height,  to  hold  this  glass  tube.  The  small 
fragment  of  mineral  of  the  size  of  a  mustard  seed,  supported  on 
the  loop  in  the  wire,  is  brought  slowly  into  the  fiame  of  the  Bun- 
sen lamp  at  a  height  of  five  millimeters,  and  allowed  to  remain 
there  one  minute,  and  the  amount  of  coloration  due  to  sodium,  or 
potassium  (observed  with  cobalt  glass),  is  noted.  After  removal 
from  the  flame  the  extent  of  fusion  and  character  of  the  fused  mass 
are  observed.  The  same  assay  is  then  introduced  a  second  time 
into  the  point  of  fusion  of  the  Bunsen  fiame,  the  lamp  now  having 
its  chimney  on,  and  the  same  points  noted  as  before.  Finally  the 
same  piece  of  feldspar  is  moistened  with  distilled  water  and  put 
into  powdered  gypsum,  and  thus  covered  it  is  introduced  into  the 
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hottest  part  of  the  flame  and  allowed  to  remain  two  minutes ;  the 
alkalies,  now  converted  into  sulphates,  color  the  flame  more  dia- 
tinctly  than  before,  and  this  eflect  is  duly  noted. 

Professor  Szab6  gives  a  general  scale  of  fusibility  containing 
eight  degrees  from  quartz  (o)  to  antimonite  (7),  and  a  apecisd 
scale  of  six  grades  for  the  different  feldspar  species;  he  diBtin- 
guishes  the  character  of  the  fused  products  in  the  case  of  the 
feldspars  according  as  a  clear,  milky  or  blebby  glass,  or  a  gray, 
white  or  blebby  enamel,  is  obtained ;  he  also  gives  large  colored 
plates  exhibiting  the  intensity  of  color,  yellow  and  violet,  corres- 
ponding, as  found  by  experiment,  to  certain  percentage  amounts 
of  sodium  and  potassium  respectively.  By  means  of  these  he  is 
able  to  determine,  within  certain  limits,  the  amount  of  the  alkalies 
present  in  a  given  feldspar,  and  thus  to  determine  the  species. 

This  method  doubtless  requires  considerable  skill  in  manipula- 
tion, and  also  extended  experience  in  the  application  of  the  deli- 
cate tests  described.  The  end  aimed  at,  however,  is  so  important 
a  one— especially  in  view  of  the  tendency  now  prevalent  to  con- 
found all  the  triclinic  feldspars  under  the  general  term  ^^ plagiodaae^ 
— that  it  is  worthy  of  much  time  and  labor,  and  Professor  SEab6 
deserves  the  thanks  of  lithologists  for  the  care  and  minuteness 
with  which  he  has  worked  out  his  results.  e.  s.  d. 

8.  Brief  notices  of  some  neioly  described  minerals, —  Venerite 
occurs  as  a  greenish  earthy-looking  "  clay-ore  "  in  irregular  layers 
in  the  schists  connected  with  the  magnetite  of  Jones  Mine  near 
Springfield,  Berks  County,  Pennsylvania.  The  purer  portions 
have  a  pea-green  or  apple-green  color  when  moist,  becoming 
greenish-white  on  drying,  when  the  mass  falls  to  powder.  This 
powder  is  seen  under  the  microscope  to  consist  of  minute,  trans- 
parent shining  scales  mixed  with  a  little  quartz  and  magnetite. 
An  analysis  made  by  Mr.  G.  W.  Hawes,  upon  material  purified  bv 
careful  washing,  gave:— SiO^  28-93,  AIO3  13-81,  FeO,  5-04,  FeO 
0-27,  CuO  16-65,  MgO  17-47,  H^O  12-08,  insoluble  sand  a-22  = 
100-37.  After  deducting  the  insoluble  matter  the  composition 
becomes:— SiO^  30-73,  AIO3  14-67,  FeO,  5-36,  FeO  0-29,  CnO 
17-68,  MgO  18-55,  HgO  12-83  =  100.  The  quantivalent  ratio  for 
R :  ft :  Si :  H  =  3  :  4  :  6  : 4,  "  which  puts  the  mineral,  if  it  be  a 
homogeneous  substance  (as  its  microscopic  character  would  indi- 
cate) among  the  chlorites."  (Dr.  T.  Sterry  Hunt,  in  a  pamphlet 
entitled  "  Description  of  a  Double  Muffle  Furnace  by  Professor 
B.  Silliman,  and  A  new  ore  of  Copper  and  its  metallurgy,  by  Dr. 
T.  Sterry  Hunt;  Philadelphia,  Dec.  30th,  187t$.) 

Uranocircite  occurs  in  quartzy  veins  in  the  granite  of  Falken- 
stein,  Saxon  Voigtland  ;  it  has  long  gone  by  the  name  of  autunite 
which  it  closely  resembles.  Specific  gravity  3 -49-3 -56  (autunite 
3-05-3-19).  Optically  biaxial ;  apparent  angle  of  axes  about  15**- 
20^  An  analysis  by  Winkler  gave:  BaO  14-57,  UO,  56-86, 
PjOj  15*06,  H^O  13-99  =  99*88,  which  corresponds  to  the  formula 
BaU-P.O,,+8H20  or  2(U02)3P80g+Ba»PaOg+24nq.  (Dr. 
A.  WeisDach,  JahrhuchfUr  das  Berg-  und  iFnttenwesen  im  Konig- 
reiche  Sachse7i^  1877. 
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Spha^rocobaUite  occurs  in  spheroidal  forms  with  roselite,  at 
Schneeberg,  Saxony.  Structure  coarsely  radiated ;  the  spherical 
surface  under  the  microscope  is  found  to  be  made  up  of  minute 
rombohedral  crystals ;  color  peach-red ;  hardness  =i  4 ;  specific 
gravity  =  4 '02-4 '13.  B.B.  becomes  black  on  ignition  in  closed 
tube.  Dissolves  with  effervescence  in  warm  hydrochloric  acid.  On 
analysis  gave  Winkler  CoO  58-86,  CaO  1-80,  FeO,  3-41,  COjj  34-66, 
HjO  1-22  =  99-94,  or,  deducting  the  hydrated  iron  oxide  CoO, 
64-26,  CO,  36-75=  100.  This  corresponds  to  the  formula  CoCO^, 
which  requires  :  CoO  6306,  CO,  36-94  =  100.     (Weisbach,  1.  c.) 

DysancUi/te.  Found  in  cubical  crystals  in  granular  limestone 
of  Vogtsburg  in  the  Eaiserstuhl ;  these  crystals  have  long  gone 
by  the  name  of  "  perofskite."  Specific  gravity  =  4-13.  An 
analysis  gave  Knop:  Cb^O^  22-73,  TiO^  40-67,  FeO  5-70,  MnO 
0-42,  CeO  5-58,  CaO  19-36,  MgO  tr.,  Na^O  3-50,  K,0  tr.,  F  tr., 
AIO3  tr.,  SiOj  2-31  =  100-17.  This  agrees  closely  with  the 
formula  6RTi03  +  RPbgOg,  when  R  =  Fe,  Ce,  Ca,  Na„  etc. 
The  mineral  is  named  dyaancUyte^  in  consequence  of  the  difficulties 
met  with  in  its  analysis.  (Knop,  ZeUachrift  filr  KrystaUographie^ 
i,  284,  1 877.)  e.  s.  d. 

IIL  Botany  and  Zoologv. 

1.  Rapid  Orowth, — A.  W.  Bennett  says,  of  a  plant  of  VaUis- 
neria  spiralis:  The  first  fiower-bud  made  its  appearance  in  my 
aquarium  this  year  on  July  1st,  the  pedicel  being  at  3  p.  m.  appar- 
ently about  1  -6  inch  long.  On  the  3rd,  at  4  p.  m.,  the  base  of  the 
bud  just  touched  the  surface  of  the  water,  and  the  pedicel  was 
about  7  inches  long.  At  1  p.  m.  on  the  7th  (an  interval  of  ninety- 
three  hours),  it  had  reached  the  astonishing  length  of  43  im^hes. 
The  bud  was  then  still  closed,  and  the  flower-stalk  quite  straight, 
L  e.,  not  showing  yet  any  tendency  to  coil.  At  10  a.  m.  on  the  9th 
the  length  was  46-5  inches,  the  flower  being  then  open,  and  the 
lower  half  of  the  flower-stalk  so  strongly  undulating  that  it  was 
almost  impossible  to  straighten  it.  At  11a.  h.  on  the  10th  it  had 
reached  its  ultimate  length  of  48  inches,  the  undulation  of  the 
lower  portion  being  more  strongly  marked. 

2.  Evolutionary  Law  as  iUvstrated  by  Abnormal  Ghrowth  in 
an  Apple  Tree, — Mr.  Thomas  Meehan  exhibited  some  branches 
of  a  "  Smoke-house"  apple  tree,  which  had  the  cluster  of  flowers  at 
the  end  of  a  young  snoot,  flowering  after  the  leaves  and  growth 
had  matured,  instead  of  blooming  in  spurs  early  in  spring,  and 
simultaneously  with  the  expansion  of  the  leaves,  as  in  ordinary 
cases.  There  were  numerous  instances  of  the  normal  and  abnor- 
mal growths  on  the  same  tree,  the  abnormal  ones  flowering  about 
six  weeks  after  the  normal  ones,  but  both  classes  maturing  the 
fruit  at  about  the  same  time  in  the  fall. 

The  point  he  wished  particularly  to  draw  attention  to  was  that 
when  tnere  was  a  change  in  one  important  character,  there  was 
often  change  in  others  making  a  complete  set  of  characters  which 
need  nothmg  but  permanence  to  be  regarded  as  specific.    For 


Digitized  by  VjOOQIC 


244  ScienVfic  Intelligence. 

instance,  the  fruit  from  these  tenninal  clusters  was  as  unlike  the 
normal  "  Smoke-house"  as  it  was  possible  to  be.  The  fruit  steins 
were  very  long  and  slender,  and  tne  fniit  flattened — what  pomol- 
ogists  term  oblate.  It  might  ^rther  be  noted  that  this  change 
was  not  a  change  by  gradual  modification  through  seminal  agency ; 
but  a  leap,  and  from  a  tree  that  had  always  produced  flowers  in 
the  normal  way.  Thei-e  was  apparently  no  more  reason  why  the 
law,  whatever  it  may  be,  that  operated  on  this  one  tree  might  not 
under  some  circumstances  operate  on  all  the  trees  in  the  orchard, 
or  on  other  wild  trees  in  native  places  of  growth,  or  on  the  indi- 
viduals of  a  whole  district,  as  well  as  on  a  single  tree.  It  was 
such  illustrations  as  these  which  made  the  doctrine  of  evolution  in 
some  form  an  absolute  certainty. — iVoc.  Acad,  N<xt,  JSd.  Philad,^ 
1877,  p.  182. 

3.  jRemarks  on  the  Yellow  Ant. — Professor  Leidy  remarked 
that  recently  while  seeking  certain  animals  beneath  stones  in  the 
woods  near  Philadelphia,  he  had  had  the  opportunity  of  observing 
the  Yellow  Ant,  Formica  flava^  in  possession  of  large  numbers  of 
other  insects.  This  fact,  in  itself  common  enough,  in  one  respect, 
was  new  and  of  special  interest  to  him,  and  may  be  so  to  others. 
In  one  instance  a  comparatively  small  colony  of  the  Yellow  Ants 
had  three  different  insects  in  their  possession,  consisting  of  a  spe- 
cies of  AphiSy  a  Coccus^  and  the  larva  of  an  insect,  probably  Cole- 
opterous. The  Aphides  were  kept  in  two  separate  herds,  and 
these  were  separated  from  a  herd  of  Cocci.  The  larva  was  in  the 
midst  of  one  of  the  former  herds.  In  a  larger  colony  of  the  Yel- 
low Ants,  there  was  a  herd  of  Aphides  which  occupied  the  under 
part  of  one  margin  of  the  stone  and  was  almost  ten  inches  long  by 
three-fourths  of  an  inch  in  breadth.  The  same  colony  also  pos- 
sessed a  separate  herd  of  Cocci,  closely  crowded  and  occupying 
almost  a  square  inch  of  space.  In  both  colonies  the  Aphis  and 
the  Coccus  were  the  same.  The  Aphis  is  pale  yellow  with  white 
tubercles  on  the  dorsal  surface  of  the  abdominal  segments.  The 
Coccus  is  of  a  dark-red  hue.  Both  Aphides  and  Cocci,  with  few 
exceptions,  adhered  to  the  under  surface  of  the  stones,  and  were 
not  attached  to  roots.  They  appeared  to  be  carefully  attended 
by  the  ants,  which  surrounded  them.  The  larva  alluded  to  was 
almost  six  millimeters  long,  was  covered  on  the  back  with  a  thick 
white  cotton-like  secretion.  It  was  also  carefully  attended  by 
the  ants,  which  were  frequently  observed  to  stroke  it  with  their 
antennae.  The  Aphides  and  Cocci  were  all  in  good  condition,  but 
without  visible  means  of  subsistence  excepting  the  neighboring 
grass  roots  partially  extending  into  the  earth  beneath  the  stones, 
to  which  it  IS  probable  they  were  at  times  transferred  by  their 
masters. — Jh*oc.  Acad.  Nat  Sci.^  1877,  p.  145. 

4.  Sexual  Dimorphism  in  liutter^ies. — Mr.  S.  H.  Scudder,  in 
an  article  on  sexual  dimorphism  in  Butterflies — to  which  special 
kind  of  dimorphism  he  applies  the  terra  Antigeny — states  tnat  it 
is  not  the  male  but  the  female  that  departs  from  the  normal  ty^>€ 
of  coloring  of  the  group  to  which  the  species  belongs ;  while  it  is 
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the  male  that  shows  divereenoes  from  the  type  in  structural  char- 
acters. These  structural  divergences  in  Butterflies  appear  in  the 
wings  and  the  legs,  and  sometimes  in  the  antennae.  Mr.  Scudder 
knows  of  no  example  in  which  the  male  alone  diverges  from  the 
general  plan  of  coloration  belonging  to  the  group. — 3Voc.  Amer. 
Acad.,  1877. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Narrative  of  the  North  Polar  Expedition,  U.  8.  Ship 
Polaris,  Captain  Charles  Francis  Sail  commanding.  Edited 
under  the  direction  of  the  Hon.  G.  M.  Robeson,  Secretary  of  the 
Navy,  by  Rear  Admiral  C.  H.  Davis,  U.  S.  N.,  United  States 
Naval  Observatory.  696  pp.  large  8vo.  Government  Printing 
Office,  Washington.  1876-77. — The  melancholy  interest  which 
attaches  to  the  death  of  the  enthusiastic  explorer,  Hall,  just 
as  he  was  seemingly  about  to  realize  his  life-long  hopes,  is 
increased  by  the  reflection  that  the  distinguished  officer,  to  whom 
was  entrusted  the  preparation  of  this  narrative,  was  himself  called 
away  by  death  wnile  his  task  was  almost  complete.  The  final 
chapters  were  consi^ed  by  him  to  the  editorial  care  of  Professor 
Nourse  of  the  National  Observatory.  This  volume  is  what  its 
title  declares — a  narrative  of  the  Polar  Expedition  from  its  incep- 
tion in  1870  until  the  "Frolic*'  brings  the  survivors  of  the  party  to 
Washington,  on  the  6th  of  June,  1873,  after  experiences  which 
must  ever  be  considered  memorable,  even  among  the  almost 
incredible  trials  and  heroisms  of  Arctic  exploration.  The  closing 
chapters  of  the  narrative  recite  the  cruises  of  the  Juniata  and 
TigresH  for  the  rescue  of  the  Polaris  and  her  crew,  the  examin- 
ation of  the  icefloe,  and  the  Buddington  Parties,  with  the  Report 
of  the  Board  of  Enquiry.  The  volume  also  contains  a  translation 
o^  the  report  made  to  the  Royal  Geographical  Society  of  Paris, 
April  21, 1876,  by  M.  V.  A.  Malte  Brun,  awarding  the  Roquette 
gold  medal  to  the  memory  of  Hall  in  consideration  of  eminent  ser- 
vices in  Arctic  exploration,  which  medal  was  sent  to  the  family  of 
the  unfortunate  explorer;  the  instructions  of  the  National  Academy 
of  Sciences;  the  correspondence  between  the  British  Admiralty 
and  the  U.  S.  Navy  Department  in  relation  to  the  stores  left  by 
the  Polaris  Expedition  on  the  west  coast  of  Greenland;  the 
Journals  of  Mr.  II.  C.  Chester  and  Captain  Geo.  E.  Tyson  while 
on  boat  journeys,  June  and  July,  1872;  and  lastly  a  list  of  the 
Journals  used  in  the  preparation  of  the  Narrative  of  the  Polaris 
Expedition. 

The  scientific  results  of  the  expedition  have  been  worked  up  by 
Dr.  Bessels,  under  the  supervision  of  the  Smithsonian  Institution, 
in  three  volumes,  the  publication  of  which  may  be  shortly  expected. 

This  narrative  is  illustrated  by  thirty-eight  full  page  wood 
engravings  from  ori^nal  sketches  by  Mr.  Emil  Schumann  and 
Dr.  Emil  Bessels,  painted  in  oil  by  Mr.  J.  H.  Morgan  and  photo- 
graphed on  wood  Dy  Mr.  Smilie.  There  are  also  eighteen  tail 
pieces  from  original  sketches,  two  photolithographs,  a  steel  por- 
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trait  of  Captain  Hall,  and  a  steel  engraved  frontispiece  of  the 
Polaris. 

It  is  a  pleasure  to  know  also  that  Professor  Noarse  is  now 
engaged  in  preparing  for  publication  Captain  Hall's  Joomals 
during  his  second  expedition,  1864-^9,  in  obedience  to  a  resolu- 
tion introduced  into  the  U.  S.  Senate,  February  6,  1877,  by  Mr. 
Sargent.  b.  s. 

2.  The  American  Meteorologist y  John  H.  Ticb,  Editor.  In 
monthly  numbers  of  32  pages,  8vo.  Saint  Louis,  JViissourL — The 
second  volume  of  this  Journal,  consisting  of  six  monthly  numbers, 
commenced  with  January  of  the  current  year.  The  author  holds 
peculiar  views  with  regard  to  meteorological  and  other  phenom- 
ena, and  their  causes,  and  presents  them  in  his  Monthly.  Facts 
are,  in  his  opinion,  in  "  irrepressible  conflict,'*  as  he  expresses  it, 
with  ordinary  physical  theories. 

3.  TAe  American  Journal  of  Pure  and  Applied  Mathematics. 
— Under  this  title,  a  much  needed  addition  to  the  scientific  jour- 
nals of  the  country,  will  soon  be  made,  under  the  auspices  of  the 
Johns  Hopkins  University.  The  editors  announced  are:  J.  J.  Syl- 
VESTEB,  Benjamin  Pbircb,  Simon  Newcomb,  H.  A.  Rowland, 
and  Wm.  E.  Stoey,  the  first,  "  Professor  of  Mathematics  in  the 
University,  bearing  the  title  of  Editor-in-Chief^"  and  the  last  being 
"  Associate-Editor-in-Charge."  Four  numbers  in  quarto,  will  for 
the  present  be  issued  annually,  making  a  volume  each  year  of  384 
pages.  The  price  is  five  dollars  a  volume.  The  first  number  will 
appear  in  Januarv,  1878.  Subscriptions  and  contributions  should 
be  addressed  to  William  E.  Story,  Johns  Hopkins  University, 
Baltimore,  Maryland. 

4.  Publications  of  the  Cincinnati  Observatory. — ^Two  numbers 
— 2  and  3— have  recently  been  issued  in  octavo.  No.  2,  eighteen 
pages,  contains  Micrometrical  Measurements  of  176  double  and 
triple  stars,  observed  with  the  11 -inch  reflector  of  the  Observatory 
by  O.  M.  Mitchell;  Cincinnati,  1876 ;  and  No.  3,  thirty-four  pages, 
bears  the  title,  Micrometrical  Measurements  of  166  double  and 
triple  stars,  during  the  years  1875-76,  under  the  superintendence 
of  Ormond  Stone,  A.M.,  Director,  Cincinnati,  1877. 

6.  Tvoo  New  Meteoric  Irons,  (Letter  to  the  Editors.) — I  have 
had  lately  sent  to  me  two  new  meteoric  irons,  one  from  Casey 
County,  Kentucky,  and  the  other  from  Dalton,  Whitfield  County, 
Georgia.  Descriptions  and  analyses  of  these  will  be  published 
shortly.  J.  lawtrence  smith. 

6.  Table  of  Logarithms.  —  M.  Gauthikb  Villars  has  pub- 
lished in  Paris  a  volume  of  logarithms,  containing  tables  for  all 
numbers  from  0  to  434,000,000,000  with  twelve  decimals,  by  M. 
Namur,  Secretary  of  the  Ecole  Moyenne  of  Thuin  (on  the  Sambre, 
Belgium).  This  wonderful  volume,  selling  at  three  francs,  has 
been  printed  by  order  of  the  Royal  Academy  of  Sciences  of 
Belgium. — Nature^  July  6. 

7.  Tenth  Annual  Meport  of  the  Trustees  of  the  Peahody 
Museum  of  American  Archaeology  and  Mhnohgy.    Presented 
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to  the  President  and  Fellows  of  Harvard  College,  June,  1877. 
Vol.  II,  No.  1,  168  pp.  8vo.  Cambridge,  1877. — A  paper,  by  Dr. 
C.  C.  Abbott,  describes  the  occurrence  of  what  appear  to  be  flint 
chippings  in  undisturbed  gravel  deposits,  only  partially  stratified, 
of  the  Delaware  River  valley,  near  Trenton,  New  Jei'sey.  The 
stone  is  a  hard  or  indurated  argillite,  somewhat  fusible  before  the 
blowpipe ;  but  in  one  case,  flint.  Bowlders  eight  or  ten  feet  in 
diameter  occur  over  the  surface.  Mr.  Abbott  regards  the  mate- 
rial as  of  Glacial  origin,  and  the  relics,  as  those  of  man  of  the 
Glacial  era.  This  paper  is  followed  by  another,  by  Professor  N. 
S.  Shalbb,  on  the  same  relics  and  deposits,  which  states  that  he 
accompanied  Dr.  Abbott  over  the  rerion,  and  obtained  from  the 
beds  two  of  the  supposed  relics,  and  concludes  with  the  remark 
that  ^'  if  these  remains  are  really  those  of  men,  they  prove  the 
existence  of  interglacial  man  on  this  part  of  our  shore." 

This  Report  contains  also  papera  on  the  exploration  of  Ash 
Cave  in  Benton,  Hocking  County,  Ohio,  and  on  explorations  of 
mounds  in  Southeastern  Ohio,  by  Professor  E.  B.  Andrews  ;  on 
the  exploration  of  a  mound  in  Lee  County,  Va.,  by  Lucien  Cabb, 
Assistant  Curator  in  the  Museum ;  and  on  the  Art  of  War  and 
Mode  of  Warfare  of  the  Ancient  Mexicans,  by  Ad.  F.  Baxdelibb. 

Professor  Andrews  describes  instruments,  beads,  and  other  or- 
naments of  copper,  from  the  mounds  examined  by  him.  One  of 
the  mounds  ( W.  Connett's  in  Dover,  Athens  County,  Ohio)  is 
spoken  of  as  "  of  great  scientific  value,  because  by  it  we  prove 
that  the  mound-builders  sometimes  practised  cremation." 

In  the  paper  by  Mr.  Carr,  on  the  Virginia  Mound,  it  is  stated 
that  among  the  relics  obtained  from  it,  Mr.  J.  A.  Allen  identified 
the  bones  of  the  Caribou^  and  remarked  that  "this  is  farther 
south  than  bones  of  the  Caribou  have  hitherto  been  found." 

8.  Kinetic  Theories  of  Gravitation;  by  William  B.  Taylob, 
From  the  Smithsonian  Report  for  1876.  Washington.  Govern- 
ment Printing  Office.  1877.  pp.  78,  8vo, — This  is  a  valuable 
historical  r'esumi  of  the  various  attempts  that  have  been  made,  by 
the  most  eminent  philosophers,  to  account  for  the  phenomena  of 
gravitative  attraction,  from  the  time  of  Newton  to  the  present 
day.  The  sketch  is  concluded  by  a  vigorous  criticism  of  the 
leading  theories,  in  which  the  author,  passing  over  "  the  consid- 
eration of  the  statical  method  of  explaining  ^i^vitation  by  pres- 
sure," finds  that  ^^  kinetic  systems  are  essential iv  of  two  classes, 
the  hypotheses  of  emissions  or  corpuscles,  and  the  hypotheses  of 
fluid  undulations,"  and  proceeds  to  show  "  that  neither  form  of 
either  hypothesis  can  satisfy  the  two  Newtonian  conditions  of  a 
scientific  theory — verity  and  sufficiency,^^  a.  w.  w. 

Yacher'H  Primer  of  Ohemistrj.    Lindsay  &  Blakiston,  Philadelphia. 

OBITUABY. 

Timothy  Abbott  Gonbad. — Dr.  Conbad  died  on  the  ninth  of 
August,  at  the  residence  of  his  brother-in-law,  Mr.  T.  Abbott, 
Trenton,  New  Jersey.  He  was  son  of  the  late  Solomon  Conrad, 
of  the  University  of  Pennsylvania,  and  was  bom  in  1803. 
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His  scientific  labors  began  early  in  life  and  were  continued  up 
to  the  present  year.  They  were  devoted  especially  to  the  Btady 
and  description  of  recent  shells  and  the  fossil  shells  of  the  Tertiary 
and  Cretaceous  formations  of  the  United  States ;  and  in  the  Tertiary 
species  they  exceed  in  importance  those  of  any  other  American 
Paleontologist  excepting  Mr.  Meek.  As  early  as  1832  he  published 
the  first  number  of  an  illustrated  work  on  the  ^'  Fossil  shells  of  the 
Tertiary  formation,"  which,  however,  was  never  completed ;  and 
in  1831  began  his  *' American  Marine  Conchology,"  which  he  car- 
ried to  72  pages  and  17  plates.  Later  his  papers  were  published 
from  time  to  time  in  this  Journal,  and  in  the  Bublications  of  the 
Academy  of  Sciences  of  Philadelphia ;  the  first  communication  to 
this  Journal  appearing  in  1833,  and  the  last  in  February,  1877. 
Memoirs  by  him  are  also  to  be  found  in  the  reports  of  various  sur- 
veying expeditions.  Between  1835  and  1841  he  issued  thirteen 
numbers  of  a  "  Monography  of  the  Family  UnionidsB,"  with  many 
colored  plates.  In  part  of  his  publications  he  was  his  own  lithog- 
rapher. During  the  years  1838  to  1841,  Professor  Conrad  had 
charge  of  the  Paleontological  department  of  the  Geological  Survey 
of  New  York,  and  his  Annual  Reports  for  those  years  and  the  Jour- 
nal of  the  Philadelphia  Academy  for  1 842,  contain  descriptions  of 
many  of  the  species  discovered — the  larger  part  of  all  that  were 
known  previous  to  the  labors  of  Professor  James  Hall,  into  whose 
hands  this  department  fell  in  1843.  Some  of  his  general  geological 
conclusions  are  presented  in  his  "  Notes  on  American  Geology," 
published  in  this  Jounial  for  1839  (vol.  xxxv,  237),  in  which  he 
advocates  the  doctrine  (which  Agassiz  first  suggested)  that  the 
grander  divisions  of  geological  time,  or  abrupt  transitions  in  life, 
were  determined  by  cold  intervals  in  the  course  of  the  earth's 
progress,  and  he  points  out  the  great  fact  that  the  Mississippi 
depression,  as  it  is  often  called,  was  a  consequence  of  the  elevation 
of  the  Appalachians  on  the  east,  and  of  the  Hocky  Mountain  area, 
late  in  geological  time,  on  the  west.  On  the  first  of  these  points 
he  remarks  that  "  the  theory  of  periodical  refrigeration  alone  can 
explain  the  sudden  extinction  of  whole  races  of  animals  and 
vegetables." 

Professor  Conrad  took  a  most  important  part  in  laying  the 

►Ac  sha 


^ical  foundations  of  American  Geology — a  work  snared 
largely  also  by  Lea  and  Lyell  as  regards  the  Tertiary,  by  Morton 
for  the  Cretaceous,  and,  still  more  largely,  by  Hall  for  the  Paleozoic 
species,  and  carried  forward  later  by  other  able  paleontologists. 

RoBEBT  Were  Fox,  F.R.S.,  died  on  the  26th  of  July,  in  the 
eighty-eighth  year  of  his  age,  ^^  having  spent  his  Ions  life  in  act« 
of  usefulness  and  deeds  of  the  purest  Christian  benevolence."  His 
experiments  on  the  temperatures  of  deep  mines  proving  an  in- 
crease of  depth  downward,  on  the  electro-magnetic  properties  of 
mineral  veins,  and  his  construction  of  the  first  dipping  needle,  are 
among  the  important  scientific  works  that  have  given  his  name  a 
world-wide  reputation.  "  To  his  latest  days,  in  the  retirement  of 
his  beautiful  home,  he  delighted  to  surround  himself  with  intel- 
lectual Mends,''  and  watched  with  unfailing  interest  the  progress 
of  scientific  discovery. 
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Art.  XXXIIL — Notice  of  some  new   Vertebrate  Fossils  ; 
by  0.  0.  Marsh. 

The  specimens  described  in  the  present  article  are  all  from 
the  Eocky  Mountain  region,  and  mclude  Mammals,  Birds, 
Reptiles,  and  Fishes.  Among  the  Mammals  are  two  Miocene 
Edentates,  the  first  detected  in  this  country,  and  a  third  spe- 
cies of  this  group  from  the  lower  Pliocene.  Another  Mammal 
of  much  interest  is  a  Rhinoceros  from  the  Eocene,  the  oldest 
known  member  of  the  family.  A  number  of  new  genera  are 
introduced,  some  of  which  have  an  important  bearing  on  the 
genealogy  of  Tertiary  Mammals.  Among  the  other  vertebrates 
is  a  new  genus  of  Crocodilians  from  the  horizon  of  the  Weal- 
den,  and  a  species  of  OrocodiliLs  from  the  Pliocena 

Moropus  distanSy  gen.  et  sp.  npv. 

This  genus  of  Edentates  is  based  mainly  upon  the  bones  of 
the  feet,  which  have  been  found  in  several  individuals.  These 
remains  are  quite  different  from  the  feet  bones  of  any  of  the 
American  Edentates,  recent  or  fossil;  but  indicate  affinities 
with  the  extinct  Ancyhtherium,  fix)m  the  Tertiary  of  Europe, 
which  is  supposed  to  be  related  to  the  African  Ant-bear 
{Orycteropus).  The  specimens  here  described  belong  to  a  dis- 
tinct family,  the  Morcy)odidcB. 

In  the  type  specimen  of  the  present  species,  only  the  hind 
feet  appear  to  be  represented.  One  of  the  most  characteristic 
bones  is  a  coossifieil  first  and  second  phalanx.  The  articula- 
tion for  the  metatarsal  is  nearly  in  a  horizontal  plane,  and 
situated  on  the  proximal  end  of  the  upper  surface  of  the  base. 
It  is  somewhat  heart-shaped  in  outline  with  the  apex  rounded 
and  about  equally  concave  in  both  directions,  or  slightly  less 
so  transversely.  This  articulation  occupies  nearly  half  the 
length  of  the  nrst  phalanx  which  is  thoroughly  coossified  with 
the  second.  The  hne  of  junction  between  the  bones  can,  how- 
ever, be  traced  easily,  and  is  strongly  marked  on  the  under 
surface  by  a  pit  or  foramen  entering  obliquely  upwards  and 
forwards.  Except  near  this  line  of  junction,  the  surface  of  the 
Am.  Joitb.  Soi.— Third  Skbiks,  Vol.  XFV,  No.  81.— Sbpt.,  1877. 
17 
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bone  is  rather  smooth.  The  under  surface,  below  the  articula- 
tion, is  flattened.  The  second  phalanx  is  less  than  half  the 
length  of  the  first,  and  its  surface  is  roughened,  as  if  by  abnor- 
mal growth  of  bone  over  the  surfaca  The  length  of  the  first 
phalanx  is  48™™;  the  longitudinal  diameter  of  the  metacar- 
pal articulation  18"™;  its  transverse  diameter  28°™.  The 
least  transverse  diameter  of  the  bone  is  21™™:  its  vertical 
diameter  at  the  middle  is  20™™.  The  second  phalanx  is 
broken  in  this  specimen,  its  distal  articular  face  being  absent 

Associated  with  the  above  specimen,  is  a  short  bone  evi- 
dently a  median  phalanx,  with  both  articular  surfaces  weU 
preserved  and  in  form  corresponding  to  each  other.  Proxi- 
mally  there  are  two  grooves  separated  by  an  intermediate  ridge, 
and  distally  two  pulley-shaped  ridffes  with  a  deep  groove  be- 
tween. The  length  of  the  shaft  of  this  bone  is  28™™ ;  its  trans- 
verse diameter  is  21™™  proximally,  and  17™™  distally.  Near 
the  center  of  the  terminal  pulleys  is  a  deep  pit  on  each  side. 
The  greatest  vertical  diameter  of  the  bone  is  82™™.  This 
bone  resembles  the  penultimate  phalanx  of  the  middle  finger  of 
Priodontes,  but  is  somewhat  shorter  and  thinner. 

These  and  other  less  characteristic  remains  indicate  an  ani- 
mal somewhat  larger  than  a  tapir.  They  were  found  in  the 
Miocene  of  Oregon  by  the  Yale  Expedition  of  1878. 

Moropus  senexy  sp.  nov. 

A  second  larger  species  of  the  same  genus  is  indicated  by  a 
few  remains,  among  which  is  the  characteristic  bone  formed  of 
the  united  phalanges.  The  proximal  phalanx  is  considerably 
larger  than  the  one  above  describeo.  Its  length  is  52™". 
The  proximal  articulation  is  oblique,  and  does  not  occupy 
more  than  one-third  the  upper  surface  of  the  bone.  The  me- 
dian phalanx  is  well  preserved,  and  measures  25™™  in  length. 
It  is  not  united  with  the  first  phalanx  in  a  line  with  the  axis 
of  that  bone,  but  is  inclined  about  16°  toward  the  sole  of  the 
foot  Its  distal  articulation  is  composed  of  two  not  very  prom- 
inent pulley-shaped  surfaces  with  a  groove  between. 

Moropus  elatusy  sp.  nov. 

The  largest  species  of  this  genus,  now  known,  is  represented 
at  present  by  a  number  of  bones  of  the  posterior  extremities, 
mainlv  from  the  feet  The  peculiar  duplex  bone  already  men- 
tioned is  among  them,  and  afibrds  means  for  comparing  the 
diflerent  species. 

The  proximal  phalanx  here  measures  about  90*"™  in  length, 
and  the  medial  one  iO™".  The  articulation  for  the  metatarsal 
is  more  nearly  vertical  than  in  either  of  the  Miocene  species. 
Its  median  vertical  diameter  is  80™™ ;  and  transverse  diameter 
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42""".  The  least  vertical  diameter  of  the  phalanx  is  28"*™; 
transverse  diameter  81"".  The  second  phalanx  has  a  trans- 
verse diameter  of  82°*",  and  a  vertical  diameter  of  49™™, 
measured  across  the  curve  of  the  terminal  pulley.  The  least 
vertical  diameter  is  88"™. 

Associated  with  this  bone  is  a  well  preserved  first  metatarsal, 
measuring  185™™  in  length.  Its  minimum  transverse  diameter 
is  25™™.  The  proximal  surface  is  subtriangular,  with  the 
external  side  of  the  triangle  curved  outward,  and  the  other 
shorter  sides  somewhat  curved  inward.  The  external  three- 
fourths  of  the  surface  is  transverse,  and  occupied  by  a  nearly 
flat  articular  surface,  which  rises  along  a  vertical  ridge  near  the 
inner  margin  of  the  face.  Beyond  this  ridge,  the  upper  part 
of  the  surface  shows  marks  of  articulation  with  another  bone. 
The  inner  face  of  the  bone  is  somewhat  concave  proximally ; 
it  then  presents  a  low  broad  elevation,  and  is  flattened  distally. 
The  shaft  of  the  bone  is  rounded  throughout  The  distal 
articulation  is  hemispherical  above,  but  presents  two  shallow 
grooves  below,  which  are  carried  around  so  far  as  to  become 
nearly  horizontal.  The  greatest  proximal  diameter  is  50™™, 
and  the  greatest  distal  diameter  44"™. 

The  proximal  face  of  the  fifth  metatarsal  is  oblique,  trian- 
gular in  outline,  convex  vertically,  and  through  the  greater 
part  of  its  tranverse  extent  Its  greatest  vertical  extent  is 
65"",  and  greatest  horizontal  diameter  the  same.  The  vertical 
diameter  of  the  shaft  of  this  bone  is  40™°,  and  its  transverse 
diameter  88"™.  The  calcaneum  measures  108™™  from  its  pos- 
terior end  to  the  vertical  face  for  articulation  with*  the  astraga- 
lus. The  vertical  diameter  of  the  shaft  is  58™™,  and  the  trans- 
verse diameter  41™™. 

These  remains  are  from  the  Lower  Pliocene  of  Nebraska,  and 
indicate  an  animal  about  as  large  as  a  Rhinoceros. 

Amynodon^  gen.  nov. 

The  present  genus  is  based  upon  a  nearly  perfect  skull,  and 
various  other  remains  which  belonged  to  the  oldest  representa- 
tive of  the  Rhinoceros  family  yet  discovered.  These  speci- 
mens are  from  the  Uinta  or  Diplacodon  beds,  of  the  Upper 
Eocene,  and  about  the  horizon  of  the  Paris  basin.  The  skull 
is  intermediate  in  form  between  that  of  a  Tapir  and  a  Rhino- 
ceros, but  the  molar  teeth  are  entirely  of  the  latter  type.  The 
premolars  are  all  unlike  the  molars,  and  the  canines  above 
and  below  are  very  large.  The  incisors  are  small,  and  the 
inner  one  in  each  jaw  is  lost  in  the  present  adult  animal.  The 
lower  canines  are  placed  nearly  horizontal,  and  taken  in  con- 
nection with  the  rest  of  the  anterior  dentition,  they  prove  con- 
clusively that  the  large  lower  teeth,  usually  regardra  as  incisors 
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in  Acerotherium  and  many  other  members  of  the  Rhinoceros 
family,  are  really  canines. " 

The  nasals  in  this  genus  are  smooth,  and  evidently  were 
without  horns.  There  were  four  toes  in  front  and  three  be- 
hind. The  type  species  is  Amynodon  advenus  Marsh,  which  was 
provisionally  referred  to  the  genus  Dicerathertum  when  first 
described. 

Tapiravus  raruSj  gen.  et  sp.  nov. 

The  paucity  of  Tapiroid  remains  in  the  Miocene  and  Plio- 
cene lake  basins  of  Western  America  is  a  singular  fact,  proba- 
bly due  in  part  to  temperature,  and  in  part  to  the  nature  of  the 
surrounding  country.  The  few  specimens  found  have  been 
referred  to  Lophiodon^  a  Lower  Eocene  genua  Various  re- 
mains from  these  formations  on  the  Atlantic  coast  and  in  the 
West  show,  however,  that  they  are  quite  distinct  from  Lophio- 
don  and  the  existing  Tapir,  and  represent  an  intermediate 
genus,  which  may  be  called  Tapiravus,  The  type  species  is  7! 
validus  Marsh,  {JLophiodon  valtdus)  from  the  Miocene  of  New 
Jersey.  This  genus  may  readily  be  distinguished  from  Lopkio- 
don  or  Hj/rachyus,  by  the  last  upper  premolar,  which  is  similar 
to  the  adjoining  molars. 

A  second  species  of  this  genus  occurs  in  the  Lower  Pliocene 
east  of  the  Eocky  Mountains,  and  remains  were  collected  there 
by  the  writer  in  1878.  The  most  characteristic  specimen  ob- 
tained was  an  upper  molar  tooth  which  indicated  an  animal 
considerably  smaller  than  the  living  Tapir.  The  crown  of  this 
molar  was  15"™  in  antero-posterior  diameter,  and  17™"  in  trans- 
verse diameter.  It  is  peculiar  in  having  the  antero-exterior 
angle  very  obtuse,  and  less  prominent  than  the  outer  cusps. 

Bison  feroxy  sp.  nov. 

This  genus  has  not  hitherto  been  found  in  the  Tertiary  of 
this  country,  although  not  uncommon  in  later  deposits.  The 
Museum  oi  Yale  College  contains  two  well  preserved  horn- 
cores  from  the  later  Tertiary,  one  of  which  was  found  by  the 
writer  in  the  lower  Pliocene  of  Nebraska.  This  is  quite  as 
low  as  the  ffenus  has  been  found  in  the  Old  World.  This 
specimen  inaicates  an  animal  much  larger  than  the  existing 
Bison,  and  having  very  powerful  horns.  The  specimen  pre- 
served was  over  6U0™°  m  length,  when  complete.  The  raaius 
of  the  inner  curve  measures  about  400™°.  The  largest  end 
has  a  diameter  of  126°^,  and  the  smaller,  at  a  distance  of 
300°*",  measures  77™°. 

A  second  larger  species,  with  more  curved  horns,  is  indicated 
by  a  nearly  perfect  horn-core  from  the  lower  Pliocene  of 
Kansas.  This  species,  which  may  be  called  Bison  AUmiy  in 
honor  of  Dr.  J.  A,  Allen,  of  Cambridge,  also  had  very  laige 
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horns.  The  type  specimen  has  its  greatest  and  least  diameters 
near  the  base,  140™°  and  110™°.  At  a  distance  of  300™° 
further  toward  the  end,  the  diameters  are  100™°  and  90™°. 
The  radius  of  the  inner  curvature,  except  for  the  last  150"°* 
of  the  length,  was  350°^. 

The  discovery  of  these  two  lower  Pliocene  species  of  Bison, 
suggests  the  probability  that  this  form  is  a  New  World  type, 
although  it  has  generally  been  credited  to  the  other  hemisphere. 

AUomys  nitenSy  gen.  et  sp.  nov. 
Among  the  Upper  Miocene  mammals,  a  peculiar  genus  is 
found,  ¥rhich  is  probably  related  to  the  flying  squirrels,  but 
the  teeth  are  somewhat  like  those  of  Ungulates.  Its  aflBihities 
are  evidently  with  the  Bodents,  however,  and  it  represents  a 
distinct  family,  the  Alhmyidce,  The  general  characters  of 
the  upper  molar  teeth  are  shown  in  the  accompanying  figure. 


which  is  six  times  natural  siza  The  animals  of  this  species 
are  all  very  small,  hardly  larger  than  a  rat  The  extent  of 
three  molar  teeth  is  8™°.  The  transverse  distance  between  the 
two  series  is,  in  front,  3*8°™,  and  posteriorly,  4-4™>n 

The  known  remains  of  this  species  are  all  from  the  Upper 
Miocene  of  Oregon. 

€hraculavt£S  lentus^  sp.  nov. 
The  Cretaceous  deposits  of  the  Atlantic  coast  and  of  Kansas 
have  hitherto  alone  jdelded  remains  of  Birds,  but  these  have 
recently  been  found  m  beds  of  the  same  age  in  Texas.  The 
most  characteristic  specimen  obtained  is  me  distal  end  of  a 
metatarsal,  which  differs  from  the  corresponding  bone  of  the 
toothed  birds  from  Kansas,  and  may  be  referred  provisionally 
to  the  genus  Oraculavus,  the  type  of  which  is  from  the  Upper 
Cretaceous  of  New  Jersey.  This  specimen  shows  that  tnere 
were  three  toes  of  nearly  equal  size,  and  also  a  hallux  raised 
above  the  main  digits. 

Transverse  diameter  of  shaft  of  tarsometatarsal  bone.     4-2™™ 

Vertical  diameter  of  same 8*6 

Transverse  diameter  across  distal  articular  faces *  10' 

Vertical  diameter  of  median  distal  articular  face 4*8 

The  known  remains  of  this  species  indicate  a  bird  about  as 
large  as  a  small  duck. 
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Diplosaurus  felixy  gen.  et  sp.  nov. 

An  interesting  discovery  recently  made  in  the  lower  Creta- 
ceous, or  Wealden  beds,  of  Colorado,  is  a  new  genus  of  Croco- 
dilians,  intermediate  between  the  old  Teleosaurian  type  and  the 
modem  Orocodilus.  The  new  genus  has  a  head  and  teeth  very 
similar  to  the  latter,  but  with  this  the  ancient  biconcave  ver- 
tebrae. The  present  type  species  is  based  upon  a  nearly  perfect 
skull,  and  a  number  of  vertebrae  belonging  with  it  These 
pertained  to  an  animal  smaller  than  most  existing  CrocodiliansL 

Some  of  the  principal  measurements  of  this  species  are  as 
follows : 

Length  of  skull  on  median  line 265*"*" 

Length  of  skull  from  quadrate  to  end  of  snout 275. 

Transverse  diameter  or  premaxillaries 46* 

Transverse  diameter  of  skull,  at  front  of  orbits 90* 

Transverse  diameter  at  ends  of  quadrates 122' 

Transverse  diameter  of  quadrate  at  end 20* 

A  second  species  of  this  genus  is  apparently  the  Hyposaurtis 
Vebbii  Cope,  which  may  be  called  Diplosaurus  Vehbii, 

Orocodilus  Solaris^  sp.  nov. 

No  Miocene  Crocodilians  ^re  known  from  the  Western  lake- 
basins,  and  none  have  been  described  from  the  Pliocene  of  the 
same  regions.  One  species,  however,  lived  in  the  Pliocene  lake 
east  of  tne  Mountains,  and,  as  an  indication  of  climate,  at  least, 
is  well  worthy  of  record.  The  remains  preserved  indicate  an 
animal  of  moderate  size,  well  protected  with  deeply  pitted  bony 
plates,  and  probablv  belonging  to  the  genus  OrocodUus. 

Measurements  of  some  of  the  more  important  remains  are 
the  following : 

Length  of  centrum  of  lumbar  vertebrcB 42 '"ni 

Vertical  diameter  of  anterior  articulation -- 26* 

Transverse  diameter 30* 

Vertical  diameter  of  neural  canal 11* 

Vertical  diameter  of  posterior  articulation 25* 

Transverse  dianleter 30* 

Transverse  diameter  of  dermal  scute 34* 

These  specimens  were  found  by  the  writer,  in  1873,  on  the 
Niobrara  River  in  Nebraska. 

Nanosaurus  agiliSy  gen.  et  sp.  nov. 

The  most  diminutive  Dinosaur  yet  discovered  is  represented 
by  various  portions  of  a  skeleton  recently  received  from  the 
Mesozoic  deposits  of  the  Rocky  Mountains.  These  remains 
indicate  an  animal  not  larger  than  a  cat,  and  yet  apparently 
fully  adult     Most  of  the  bones  are  hollow,  and  the  walls  thin. 
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The  crowns  of  the  teeth  are  apparently  compressed,  and  inserted 
in  distinct  sockets.  The  femur  has  the  characteristic  third  tro- 
chanter, and  is  shorter  than  the  tibia. 

The  principal  dimensions  of  this  pigmy  Dinosaur  are  as 
follows : 

Space  occupied  by  five  teeth  in  lower  jaw 13.  mm 

Depth  of  jaw  below  last  tooth 10* 

Length  of  femur OS- 
Distance  from  head  to  middle  of  third  trochanter 25- 

Length  of  tibia 76- 

Least  diameter  of  shaft 6- 

The  geological  horizon  of  this  unique  fossil  is  probably 
Jurassic,  but  possibly  in  the  lower  part  of  the  Dakota  group, 
which  I  r^ara  as  the  equivalent  of  the  Wealden  of  Europe. 

Ndnosaierus  victor^  sp.  nov. 

Another  small  Dinosaur,  which  may  be  provisionally  referred 
to  the  same  genus,  is  indicated  bv  portions  of  a  skeleton 
found  in  the  same  region,  and  probably  at  or  near  the  same 
horizon.  These  remains  belonged  to  a  reptile  about  twice  as 
large  as  the  one  just  described.  The  bones  are  equally  hollow, 
and  the  walls  very  thin.  The  tibia  is  much  more  elongated, 
and  slender.  No  teeth  were  found  with  this  specimen.  The 
length  of  the  tibia  was  about  100"°*,  and  the  diameter  of  its 
shalt  at  the  middle  6™".  A  metatarsal  bone  measures  41™™  in 
length.  The  remains  at  present  known  indicate  an  animal 
about  as  large  as  a  fox. 

ApcUodon  miruBy  gen.  et  sp.  nov. 

One  of  the. most  interesting  specimens  hitherto  found  in  the 
Eocky  Mountain  re^on,  is  a  portion  of  a  lower  jaw  with  the 
last  molar  in  place.  This  fossil  is  widely  different  from  anything 
yet  described,  and  its  exact  affinities  are  doubtful.  The  frag- 
ment pertained  to  an  animal  about  as  large  as  a  Tapir,  and  the 
general  appearance  of  the  specimen  at  once  suggests  the  mam- 
malian type.  The  tooth  most  resembles,  in  form  and  superior 
surface  of  crown,  that  of  a  typical  Suillina  The  structure  of 
the  tooth,  however,  is  different,  and  the  fangs  are,  in  part  at 
least,  codssified  with  the  jaw. 

This  specimen  was  found  near  a  locality  where  Dinosaur 
bones  were  abundant,  and  it  is  possible  it  may  belong  with 
that  group.  The  jaw,  however,  is  very  unlike  any  correspond- 
ing jaw  of  a  Dinosaur,  so  far  as  now  known.  This  tooth 
measures  about  41™™  in  length  of  crown ;  20™™  in  transverse 
diameter,  and  8™™  in  height  The  geological  horizon  is  Lower 
Cretaceous  or  Jurassic. 
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Heliobatis  radia/iiSy  gen.  et  sp.  nov. 

The  most  interesting  fossil  Fish  hitherto  found  in  the  Ter- 
tiary of  the  west  is  a  land-locked  Ray,  recently  discovered  in 
the  Green  River  beds  of  Wyoming.  The  specimen  is  in  ex- 
cellent preservation,  and  shows  the  characters  of  the  group 
most  perfectly.  It  differs  much  from  recent  Rays,  and  resem- 
bles most  nearly  the  genus  Cyclobatis  of  Egerton,  from  the  Mt 
Lebanon  deposits  of  Syria,  which  are  probably  in  nearly  the 
same  horizon  as  the  locality  of  the  present  specimen.  The 
latter  differs  from  Oyclcbatis  in  having  a  much  greater  number 
of  mdiating  digits,  which  entirely  encircle  the  body,  and  sug- 
gested the  generic  name.  There  are  also  numerous  dermal 
defensive  tuoercles,  which  are  wanting  in  Ch/dobatis. 

The  principal  dimensions  of  this  rare  specimen  are  as  fol- 
lows: 

Antero-posterior  extent  of  rays 286"™» 

Transverse  diameter  across  scapular  arch  to  bases  of  rays    75' 

Total  transverse  diameter 220* 

Transverse  diameter  of  head 82* 

Distance  between  scapular  and  pelvic  arches 56" 

Length  of  vertebrae  at  pelvic  arch _       2-6 

Length  of  vertebra  in  caudal  region J       2* 

Yale  OoUege,  August,  187*7. 
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Art.  XXXIV. — On  th^  relations  of  the  Geology  of  Vermont  to  that 
of  Berkshire ;  by  James  D.  Dana. 

[Continued  from  page  207.] 

2.  LTTHOLOGIOAL  CONCLUSIONS:  WITH  SPECIAL  REFERENCE  TO 
THE  USB  OF  LITflOLOGICAL  CHARACTERS  AS  A  TEST  OP 
GEOLOGICAL  AGE. 

It  is  sometimes  laid  down  as  a  canon  in  geology  that  the 
age  of  a  crystalline  terrane  or  formation  can  be  told  from  the 
kind  of  rock  constituting  it  Thorough  knowledge  as  to  the 
kinds  that  may  exist  in  formations  of  the  same  age  is  the 
proper  basis  for  such  a  canon — if  it  has  a  basis — and  a  test  of 
Its  value.  The  limestone  series  affords  important  facts  on  this 
subject 

The  Taconic  slate-belt  in  the  western  half  of  the  limestone 
area  and  the  quartzyte  group  of  the  eastern  half  may  be  sep- 
arately considered,  and,  afterwaixl,  the  relations  of  the  two. 

1.  Taconic  slate-belt  or  ratige. 
The  diversity  of  rocks  in  the  Taconic  slate-belt  is  small 
compared  with  that  in  the  Eastern  or  Quartzyte  group. 

A.  In  Vermont — The  rocks,  as  has  been  explained,  are  (1) 
argillyte  to  the  north ;  then  argillyte  along  tne  center  with 
borders  of  (2)  hydromica  slate  varying  from  a  pure  slaty  hydrous 
mica  to  a  mixture  of  hydrous  mica  with  more  or  less  quartz ; 
(3)  chloritic  hydromica  slate,  in  which  quartz  seams  and  veins 
(often  chloritic)  are  common.  Besides  these,  there  is  (4)  a 
hydromvcQjceous  conglomerate,  consisting  of  quartz  pebbles  in  a 
AM.  Jour.  Sot.— Thibd  Sbbibs,  Vol.  XIV,  No.  88.-O0T.,  1877. 
18 
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hydromica  paste,  "abundant  in  Ira,  Middletown,  Wells,  Poult- 
ney  and  Pawlet,"  and  the  main  constituent  of  Bird  Mountain, 
in  Ira — as  stated  in  the  Vermont  Geological  Report  (p.  426). 

B.  In  Berkshire  and  farther  south, — There  are  here  the  same 
slates,  but  in  part  coarser.  Also  (6),  a  rock  of  gneissoid  aspect, 
in  which  the  mica  is  a  pearly  hydrous  mica  (found  in  the 
Graylock  range,  near  Williamstown) ;  (6)  a  gametiferous  chloritic 
hydromica  slate,  common ;  (7)  mica  schist ;  (8)  graphitic  mica 
schist ;  (9)  gametiferous  mica  schist ;  and  (10)  stauroKtic  mica 
schist  (in  Salisbury  and  Sharon.)* 

2.  Schists  of  the  Quartzyte  grovp. 

A.  In  Vermont — (IJ  Hydromica  slate,  which  is  often  veiy 
fine  in  grain  and  is  tnen  called  novaculite  slate;  (2)  chbritic 
hydromica  slate ;  (3)  chlorite  slate  or  schist,  sometimes  contain- 
ing octahedrons  of  magnetite ;  (4)  hydromica  conglomerate,  like 
No.  4  above;  (5)  hydromica  quartzyte,  all  shades  occurring 
between  hydromica  slate  and  true  quartzyte ;  (9)  greenish-gray 
hydromica  gneiss,  containing  disseminated  chlorite — ^a  kind  of 
protogine — the  mica  pearl-white,  the  feldspar  white,  seen  by  the 
writer  on  the  western  slope  of  the  quartzyte  and  hydromica 
ridge  northeast  of  Rutland — the  rock  much  like  the  kind  from 
near  Williamstown  (No.  5  above). 

B.  In  Berkshire  and  farther  south. — (1)  Hydromica  slate,  more 
or  less  chloritic,  and  often  gametiferous;  (2)  mica  slate,  that 
is,  fine-grained  mica  schist;  (3)  mica  schist,  wB,ry\ng  in  color 
from  a  dark-gray  to  black,  the  latter  a  fissile  rock  consisting 
largely  of  black  mica ;  {4)  gametiferous  mica  schist ;  {S)  quartzytic 
mica  schist 

Varieties  of  gneiss. — (6)  Fine-grained  gneiss,  thin  bedded,  the 
mica  in  very  small  scales  and  in  general  mostly  black,  the 
feldspar  in  small  white  grains ;  (7)  Ae  same,  but  thick-bedded 
and  very  hard,  color  mostly  Jight  gray,  the  rock  sometimes  a 
contorted  gneiss;  (8)  the  same,  but  with  little  mica,  the  color 
whitish,  graduating  into  (9)  granulyte,  a  granular  compound  of 
quartz  and  feldspar,  with  only  traces  of  mica ;  (10)  a  whitish 
or  grayish  striped  gneiss  having  the  mica  in  lines  of  spots  or  in 
interrupted  lines,  looking  interruptedly  striped,  the  mica  mostly 
biotite;  (11)  granitoid  gneiss,  ana  (12)  fine-grained  granite,  the 
gneiss  graduating  into  these  rocks,  by  a  loss  of  its  schistose 
structure;  (18)  quartzytic  gneiss,  fine-grained,  whitish  (often 
yellowish  from  alteration  of  pyrite  or  black  mica),  a  rock  that 
graduates  by  insensible  shades  into  laminated  quartzyte ;  (14) 
epidotic  gneiss,  containing  much  mica,  half  of  wnich  is  musco- 

*  The  oocoirenoe  of  staurolite  as  well  as  garnet  in  the  mica  slate  of  Salisbiny 
is  mentioned  hy  Prof.  Dewey,  in  this  Joomal,  yoL  viii,  p.  7,  1824.  Earliwr,  in 
Tol.  T,  1822,  he  had  announced  the  ezistenoe  of  staurolite  in  SheiBeld. 
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vite,  and  also  small  green  grains  of  epidote ;  (16)  svenyte  gneiss^ 
consisting  mainly  of  hornblende  and  whitish  feldspar,  not 
common ;  (16)  hornblende  alate,  occasional  beds ;  (17)  pyroxenyte^ 
consisting  of  white  pyroxene  (at  Canaan,  Conn.). 

(18)  Qarnet  rock,  a  firm  tough  rock  of  a  blackish-gray  color, 
consisting  of  qaartz,  pale-red  garnet,  some  feldspar,  magnetite 
and  pyrite,  and  also  minute  disseminated  prisms  showing  one 
lustrous  cleavage  which  may  be  zoisite  (from  Beartown  Moun- 
tain)— rare. 

(19)  Fddspathtc  quartasyte,  the  feldspar  (orthoclase)  sometimes 
in  largish  cleavable  pieces,  the  decomposition  and  removal  of 
which  leaves  the  quartzyte  cellular,  looking  like  a  buhrstone ; 
(20)  micaceoua  quartzyte,  gneiss-like  in  aspect,  but  containing 
little  or  no  feldspar.  Besides  these  quartzytic  rocks,  and  the 
common  hard  quartzyte,  there  is  a  laminated  calcareous  quartzyiey 
which  is  very  porous  when  weathered,  owing  to  the  removal  of 
the  calcareous  portion,  and  which  has  often  on  its  surfaces 
minute  crystals  of  brown  tourmaline.  Abrupt  transitions 
occur  between  the  laminated  and  hard  massive  quartzyte; 
the  latter  sometimes  corresponding  for  a  short  distance  to  sev- 
eral successive  beds  of  the  former,  or  taking  wholly  its  place  in 
the  formation. 

3.  fSehisU  along  an  Ilast<Ln&  West  section  of  the  limestone  region. 

In  VermonL— The  schists  of  a  section  across  the  limestone 
region  from  west  to  east  in  the  line  of  Rutland,  are  the  same 
nearly  as  occur  in  the  Quartzyte  group  from  north  to  south, 
argillyte  being  the  only  rock  to  the  west  not  found  to  the  east 

In  Berkshire. — The  remark  just  made  for  Vermont  applies 
equally  to  Berkshire.  Along  an  eas^and-west  section  in 
southern  Berkshire,  there  are,  commencing  to  the  west :  argil- 
lyte, various  kinds  of  hydromica  slate,  from  a  black  glossy 
slate  differing  little  from  argillyte,  to  pale  pearly  slates,  chlo- 
ritic  and  garnetiferous  hydro-mica  slates;  farther  east,  fine- 
grained mica  schist  and  gneiss,  coarser  garnetiferous  mica 
schist  and  staurolitic  mica  schist;  and  all  the  gneisses  and 
other  rocks  mentioned  above. 

Thus  the  same  kinds  of  rocks  are  met  with  on  going  from 
east  to  west  across  Berkshire  as  in  going  from  north  to  south 
along  the  Quartzyte  ranges  of  Vermont  and  Berkshire. 

The  above  lists  afford  an  idea  of  the  great  diversity  in  the 
crystalline  rocks  of  the  limestone  series.  We  are  now  pre- 
pared for  a  conclusion. 

Since  then  these  rocks  of  the  limestone  series  are  conform- 
able, and  of  Lower  Silurian  age;  and  since  they  were  all 
crystallized  into  their  present  state  after  the  Lower  Silurian 
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era  had  nearly  or  quite  passed,  we  learn — that  all  the  various 
mica  and  chloritic  schists  mentioned,  and  the  varieties  of 
gneiss,  and  also,  the  other  rocks  designated,  as  protogine,  gran- 
ulyte,  homblendic,  pyroxenic,  epidotic  and  garnet  rocks,  were 
in  this  case  a  product  of  a  single  metaraorpnic  proc€«s,  acting 
on  deposits  of  Lower  Silurian  age ;  and,  since  this  wide  diver- 
sity of  rocks  occurs  in  the  eastern  or  Quartzyte  portion  alone 
of  the  limestone  area,  they  have  also  come  from  that  portion  of 
the  Lower  Silurian  to  which  the  Quartzyte  group  belongs. 

Consequently,  if  the  lithological  canon  is  a  good  one,  neither 
of  the  rocks  in  the  above  list  can  be  good  for  distinguish- 
ing formations  of  any  other  geological  era  than  the  one  here 
considered. 

But  they  are  useless  for  this  unless  the  kinds  belong  exclu- 
sively to  it  Now  no  one  will  claim  that  hydromica,  mica  and 
chlorite  schists,  protogine,  gneisses,  granite,  garnet  and  stauro- 
litic  schists,  gran ulvte,  and  the  rest  have  been  derived  exclu- 
sively from  Lower  Silurian  sediments  crystallized  at  the  close 
of  the  Lower  Silurian.  Hence  it  is  clear  that  they  are  not 
'  satisfactory  for  identifying  rocks  of  this  or  any  other  single 
age.  And  if  so,  the  lithological  canon,  as  far  as  the  varie- 
ties of  these  rocks  described  above  are  concerned,  is  not 
available. 

The  prominent  point  in  which  the  gneisses  and  mica  schists 
of  the  limestone  series  in  Berkshire  are  at  all  peculiar  is  in 
their  fineness  of  grain  or  texture.  In  Connecticut  and  farther 
south,  the  mica  schists  and  gneisses  are  coarser  in  crystalliza- 
tion than  those  in  Berkshire ;  so  that  this  feature  is  apparently 
one  dependent  on  degree  of  metamorphism.  Temperature  and 
rate  of  cooling  determine  the  d^ree  of  coarseness  (or  fineness) 
of  granular-crystalline  structure  in  other  cases,  and  so  should 
it  be  in  the  metamorphic  process. 

One  variety  of  the  gneiss  is  characteristic  of  the  eastern 
portion  of  the  region — naraely,  the  whitish  kind  interruptedly 
banded  with  mica  spots  or  lines  (passing  into  granulyte  as  the 
mica  disappears).  I  have  not  observed  it  in  New  England 
except  near  the  limestone  re^on  of  Western  Massachusetts, 
Connecticut  and  New  York.  The  chloritic  schist  and  chloritic 
hydromica  schists  of  the  series  are  not  distinguishable  &om 
those  of  many  other  geological  regions. 

The  lithology  of  the  region  nas  still  some  peculiarities. 
These  are :  the  absence  of  homblendic  granite,  and  syenyte ; 
the  sparing  occurrence  of  hornblende  schist  and  homblendic 
gneiss,  these  rocks  occurring  only  in  beds  subordinate  to  the 
mica  schist  or  true  gneiss ;  the  absence,  so  far  as  observed,  of 
labradorite  rocks ;  and  the  certain  absence  of  granitoid  labra- 
dorite  rocks  (those  having  cleavable  labradorite  as  a  prominent 


Digitized  by  VjOOQIC 


Orographic  Conclusions,  261 

constituent) ;  the  absence  of  chrysolite  rocks,  corundum -bear- 
ing rocks,  and  zircoti-bearing  rocks.  Moreover,  coarse  flesh- 
colored  granites  and  coarsely  porphyritic  gneiss  or  granite  are 
not  among  the  rocks  mentioned. 

The  frequent  abrupt  transitions  between  quartzyte  and 
gneiss  is  of  so  much  interest  that  I  may  refer  to  it  here  again, 
and  repeat  that  it  means  abrupt  transitions  from  sand  deposits 
to  mua  deposits  in  the  old  seas,  just  as  are  now  common  along 
the  borders  of  the  modern. 

I  may  also  observe,  again,  that  the  great  diversity  found  in 
the  crystalline  rocks  had  nothing  notable  to  correspond  to  it 
in  the  external  characters  of  the  original  sediments.  The 
hydromica  and  mica  schists  are  essentially  one  in  composition, 
quartz  being  equally  a  variable  constituent  in  both ;  so  the 
hydromica  gneiss  or  protogine  is  nearly  identical  with  true 
gneiss.  A  gneiss  or  mica  schist  in  which  the  mica  is  black 
(as  is  commonly  the  case  here),  and  a  hornblendic  gneiss  or 
schist,  have  almost  the  same  ultimate  constitution.  • 

In  the  condition  of  sedimentary  rocks,  the  differences  which, 
under  metamorphism,  have  led  to  so  long  a  list  of  rocks  would 
hardly  be  apparent  to  the  eye,  and  generally  be  overlooked  in 
a. description — a  little  difference  in  color,  or  in  texture,  or  in 
proportion  of  sand,  or  in  compactness,  or  thickness  of  bedding, 
being  the  chief  points  visible  in  an  unaltered  rock  made  of  clay, 
mud  or  sand. 

3.  OROGRAPmO  CONCLUSIONS. 

Among  the  orographic  relations  between  the  limestone 
region  in  Vermont  and  Berkshire  I  mention  here  only  two. 

(1.)  The  first  relates  to  the  positions  of  the  rocks,  and  the 
connection  between  position  and  height 

a.  Along  the  Central  slate-belt  of  Vermont  and  its  continua- 
tion in  Berkshire,  called  the  Taconic  range,  the  slates,  for  the 
most  part,  have  a  high  eastward  dip ;  and  the  facts  show  that 
where  this  is  the  case  they  are  pushed  over  in  synclinal  folds 
(sometimes  with  subordinate  or  local  anticlinals  and  synclinals), 
the  axial  plane  of  which  dips  eastward. 

6.  At  intervals  the  slate-oelt  rises  into  peaks  over  2,500  feet 
in  height.  Such  peaks  occur  wherever  the  synclinal  is  a  broad  and 
comparaiivdy  shallow  one. 

In  Vermont,  this  is  the  case  in  Danbv  Mountain,  Mount 
Dorset  or  Eolus,  Spruce  Peak,  Equinox  Mountain  and  Mount 
Anthony,  as  illustrated  on  pages  816,  847,  of  the  last  volume 
of  this  cfournal.  The  explanation  is  simply — that  a  very  broad 
synclinal  or  trough  holds  a  very  large  mass  of  mountain  mate- 
rial ;  and  that,  on  account  of  its  magnitude,  and  often  also  its 
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greater  compactness  or  hardness  dae  to  the  heat  and  pressare, 
it  has  had  its  height  less  reduced  by  denudation. 

Berkshire,  as  I  have  already  shown,*  owes  its  highest  sum- 
mits, similarly,  to  the  occurrence  of  broad  synclinals.  Gray- 
lock,  the  highest,  is  one  of  them ;  and  the  Berkshire  Mount 
Washington  is  another. 

This  feature  is  so  remarkable  and  so  instructive  in  Mount 
Washington,  that  I  here  reproduce  the  outline  map  of  the 
mountain,  used  in  a  former  article,*  on  which  the  position, 


dip  and  strike  of  the  limestone  is  given,  the  shaded  area  repre- 
senting this  rock,  and  the  T-shaped  symbols  indicating  the 
strike  and  dip  of  the  rock&*  The  northern  portion,  lettered 
T  T,  represents  part  of  the  ordinarv  Taconic  range  as  it  extends 
from  Mount  Washington  about  )^.  16°  E.  (true),  along  the 
boundary  between  Massachusetts  and  New  York,  the  width  of 
which  seldom  exceeds  a  mile;  while  the  rest  of  the  unlined  part 
of  the  map  represents  the  area  of  Mount  Washington,  over  five 
miles  in  breaath.  The  Taconic  range,  as  above  stated,  corre- 
sponds in  its  narrower  part  to  a  close  synclinal,  with  the  axial 
plane  dipping  eastward.    But  in  Mount  Washington  the  lime- 

*  This  Journal,  IIi  yi,  266.    The  outline  of  the  mountain  is  taken  from  the  large 
wall-map  of  Berkshire,  bearing  the  date  1868. 
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stone  and  schists  at  its  eastern  foot  dip  westward  at  a  small 
angle— usually  20"*  to  25''  (b""  to  lO*"  in  the  spur  B) ;  and  also 
westward^  but  at  a  higher  angle,  in  its  highest  summit,  Mount 
Everett  (E,  on  the  map,  2,684  feet  above  the  sea-level) ;  while 
on  the  western  slope  the  dip  is  throughout  eastward  at  an 
average  angle  of  50°,  the  strike  N.  lO^-lS"*  E.  (true).  Thus 
the  broad  synclinal  and  its  contrast  with  the  ordinary  syn- 
clinal of  the  Taconic  range  is  well  exhibited  in  the  position  of 
the  rocks. 

c.  The  great  breadth  of  this  synclinal  and  the  size  of  the 
mountain  is  connected  also  with  a  compound  character  in  the 
synclinalj  another  common  feature  in  orography.  As  remarked 
in  a  former  article,  the  limestone  of  the  Egremont  plain 
extends  south  in  two  belts  between  the  northern  spurs  E  and 
S,  and  S  and  T,  and  each  indicates  a  separate  anticlinal  fold 
bringing  up  the  limestone  between  synclinals  of  the  schist  It 
has  not  been  possible  to  follow  these  subordinate  anticlinals 
southward,  because  the  limestone  is  not  continued  far  in  that 
direction,  and  the  summit  of  the  mountain  is  under  soil  and 
cultivated  farma  But  yet  the  fact  of  flexure  at  the  north  end 
is  strong  reason  for  believing  that  similar  flexures,  if  not  the 
same  continued,  characterize  the  whole  length  from  north,  to 
south  of  the  mountain-mass,  such  a  slate  easily  flexing  under 
uplifting  lateral  pressure.  This  is  further  sustained  by  obser- 
vations proving  that  other  subordinate  anticlinals  exist  on  the 
western  slope  of  the  mountain,  in  the  vicinity  of  Copake 
Furnaca  Close  to  the  western  foot  there  are  two  nearly  par- 
allel limestone  areas,  parallel  to  the  axis  of  the  range.  The 
inner  (or  more  eastern)  one  is  about  a  mile  long,  and  the  other 
about  half  a  mile.  They  are  separated  from  one  another  by  a 
thin  belt  of  hydromica  slate,  and  the  same  slate  exists  on  the 
other  sides.  The  dip  of  the  beds  of  limestone  and  slate  is  to 
the  eastward  50**,  the  strike  averaging  N.  15"^  E.  (true).  ,  Thev 
are  evidently  registers  of  local  folds — anticlinal  and  synclinal, 
the  former  bringing  up  the  limestone.  Such  flexures  are  not 
distinguishable  in  the  schists  unless  sufficiently  profound  to 
bring  up  the  limestone;  for  the  dip  is  throughout  to  the  east- 
ward; and  hence  there  may  be  many  of  these  subordinate 
anticlinals  and  synclinals  ip  the  broad  mass  where  there  is 
nothing  to  prove  it  In  the  memoir  referred  to  I  have  men- 
tioned some  evidence  that  the  Gray  lock  mountain-mass,  while  ' 
a  broad  synclinal,  comprises  one  or  more  subordinate  anticlinals 
and  synclinals.  It  is  a  point  to  be.considered  in  the  study  of 
all  mountain-masses  consisting  of  steeply  flexed  rocks. 

In  another  place  in  this  volume,  I  epeak  of  the  Mt.  Washington 
range  in  New  Hampshire,  east  of  the  principal  valley,  as  probably 
corresponding  to  a  synclinal    I  would  here  add  that  it  may  be  a 
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compound  synclinal^  and  to  this  owe  the  apparently  great  thick- 
ness of  its  andalositic  raica  schists.  Flexures  of  less  span  than 
five  miles,  and  much  less,  are  far  more  common  among  steeply 
dipping  rocks  than  those  of  greater  extent,  and  simply  because, 
under  the  pressure  producing  such  bold  uptamings  shaly  strata 
cannot  help  flexing  at  narrow  intervals,  so  as  to  have  u*eqnent 
local  flexures  subordinate  to  the  larger  folds. 

2.  The  uniformity  in  character  of  the  long  Taconic  slate- 
belt  from  Weybridge  in  Vermont  to  Salisbury  and  Sharon  in 
Connecticut,  and  of  the  adjoining  limestone  through  a  still 
longer  range,  and  the  parallelism  of  the  whole  in  position  and 
strike  witH  the  more  eastern  ranges  of  quartzyte  and  schist, 
and  parallelism,  also,  with  the  axis  of  the  Green  Mountain 
elevation,  show  that  the  uplifting  force  corresponded  entirely  in 
direction  of  action  with  that  in  which  the  Green  Mountains 
were  made,  and,  further,  that  it  was  sufficient  in  power  to  pro- 
duce vast  flexures  of  strata  over  an  area  of  great  extent  One 
of  the  summits  in  the  Taconic  range  is  but  600  feet  lower  than 
the  highest  in  the  more  easterly  Green  Mountain  series;  and 
others,  both  in  Vermont  and  Berkshire,  are  little  inferior  in 
elevation.  Moreover,  those  of  Berkshire  and  of  the  adjoining 
part  of  Connecticut  far  overtop  all  ridges  to  the  eastward,  and 
really  constitute  in  those  latitudes  the  most  elevated  portion 
of  the  Green  Mountain  system.  Yet  the  width  of  the  area 
which  has  been  under  consideration  hardly  anywhere  exceeds 
twenty  miles. 

The  maj^nitude  of  the  results  are  strong  evidence  that  the 
so-called  limestone-area  is  really  but  a  small  part  of  a  larger 
region  of  cotemporaneous  disturbance  and  uplift  The  true 
breadth  of  the  area,  as  well  as  length — whether  it  reached  to 
the  Connecticut  Valley  on  the  east  and  to  the  Hudson  River 
Valley  on  the  west,  and  so  had  the  breadth  of  the  Appalachian 
disturbance  of  a  later  epoch,  or  whether  it  had  narrower  limits 
— may  be  ascertained  by  studying  the  stratification.  Some  of 
the  results  of  such  a  study  as  r^ards  Connecticut  and  a 
portion  of  New  York  I  propose  to  give  in  another  paper. 

NoTB. — Of  the  two  fossils  from  the  quartzyte  of  Vermont,  re- 
ferred to  on  page  207  of  this  volume,  the  theca-like  species — or 
so-called  Orthoceras— has  a  rather  close  resemblance  to  the  species 
of  Hyolithes  from  the  Primordial  near  Trov,  New  York,  described 
and  figured  in  this  Journal,  volume  iii,  for  1872,  by  Mr.  S.  W. 
Ford ;  and,  were  that  the  only  species,  there  would  seem  to  be 

ground  for  a  strong  suspicion  that  the  quartzyte  is  Primordial 
ut  the  Lamellibranch  shells  (the  other  species)  are  even  stronger 
evidence,  in  the  present  state  of  paleontological  discovery,  that 
the  rock  is  later  than  Primordial  As  before  stated,  more  fossils 
are  needed  for  a  conclusion. 
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Abt.  XXXV. — Address  be/ore  tlie  Department  of  AnViropohgy 
of  the  British  Association^  at  Plymouth  ;  by  Francis  Galton, 
F.RS. 

Pebmit  me  to  say  a  few  words  of  personal  explanation  to 
account  for  the  form  of  the  address  I  am  about  to  offer.  It  has 
been  the  custom  of  my  predecessors  to  give  an  account  of  re- 
cent proceedings  in  anthropology,  ana  to  touch  on  many 
branches  of  that  wide  subject  But  I  am  at  this  moment  un- 
prepared to  follow  their  example  with  the  completeness  I  should 
desire  and  you  have  a  right  to  expect,  owing  to  the  suddenness 
with  which  T  have  been  called  upon  to  occupy  this  chair.  I 
had  indeed  the  honor  of  being  nominated  to  the  post  last  spring, 
but  circumstances  arising  which  made  it  highly  probable  that 
I  should  be  prevented  from  attending  this  meeting,  I  was  com- 
pelled to  ask  to  be  superseded.  New  arrangements  were  then 
made  by  the  Council,  and  I  thought  no  more  about  the  matter. 
However,  at  the  last  moment,  the  accomplished  ethnologist 
who  otherwise  would  have  presided  over  you,  was  himself  de- 
barred by  illness  from  attending,  and  the  original  plan  had  to 
be  reverted  to. 

Under  these  circumstances  I  thought  it  best  to  depart  some- 
what from  the  usual  form  of  addresses,  and  to  confine  myself  to 
certain  topics  with  which  I  happen  to  have  been  recently  en- 
gaged, even  at  the  risk  of  incurring  the  charge  of  submitting  to 
you  a  memoir  rather  than  an  address. 

I  propose  to  speak  of  the  study  of  those  groups  of  men  who 
are  sufficiently  similar  in  their  mental  characters  or  in  their 
physiognomy,  or  in  both,  to  admit  of  classification  ;  and  I  espe- 
cially desire  to  show  that  many  methods  exist  of  pursuing  the 
inquiry  in  a  strictly  scientific  manner,  although  it  has  hitherto 
been  too  often  conducted  with  extreme  laxity. 

The  types  of  character  of  which  I  speak  are  such  as*  those 
described  by  Theophrastus,  La  Bruy6re,  and  others,  or  such  as 
may  be  read  of  in  ordinary  literature  and  are  universally  recog- 
nized as  being  exceedingly  true  to  iiature.  There  are  no  wor- 
thier professors  of  this  branch  of  anthropology  than  the  writers 
of  the  higher  works  of  fiction,  who  are  ever  on  the  watch  to 
discriminate  varieties  of  character,  and  who  have  the  art  of  de- 
scribing them.  It  would^I  think,  be  a  valuable  service  to  an- 
thropology if  some  person  well  versed  in  literature  were  to  com- 
pile a  volume  of  extracts  from  novels  and  plays  that  should 
illustrate  the  prevalent  types  of  human  character  and  tempera- 
ment What,  however,  I  especially  wish  to  point  out  is,  that 
it  has  of  late  years  become,  possible  to  pursue  an  inquiry  into 
certain  fundamental  qualities  of  the  mind  by  the  aid  of  exact 
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measurements.  Most  of  you  are  aware  of  the  recent  progrees 
of  what  has  been  termed  psycho-physics,  or  the  science  of  sub- 
jecting mental  processes  to  physical  measurements  and  to  phys- 
ical lawa  I  do  not  now  propose  to  speak  of  the  laws  that  have 
been  deduced,  such  as  that  which  is  known  by  the  name  of 
Fecbner,  and  its  numerous  oflFshoots,  including  the  law  of 
fatigue,  but  I  will  briefly  allude  to  a  few  instances  of  measure- 
ment of  mental  processes,  merely  to  recall  them  to  your  mem- 
ory. Thev  will  show  what  I  desire  to  lay  stress  upon,  that  the 
very  founaations  of  the  differences  between  the  mental  quali- 
ties of  man  and  man  admit  of  being  gauged  by  a  scale  of  inches 
and  a  clock. 

Take,  for  example,  the  rate  at  which  a  sensation  or  a  voli- 
tion travels  along  the  nerves,  which  has  been  the  subject  of 
numerous  beautiful  experiments.  We  now  know  that  it  is  far 
from  instantaneous^  having  indeed  no  higher  velocity  than  that 
of  a  railway  express  train.  This  slowness  of  pace,  speaking 
relatively  to  the  requirements  that  the  nerves  have  to  lulfill,  is 
quite  sufficient  to  account  for  the  fact  that  very  small  animals 
are  quicker  than  very  large  ones  in  evading  rapid  blows,  and 
for  the  other  fact  that  the  eye  and  the  ear  are  situated  in  almost 
all  animals  in  the  head,  in  order  that  as  little  time  as  possible 
should  be  lost  on  the  road,  in  transmitting  their  impressions  to 
the  brain.  Now  the  velocity  of  the  complete  process  of  to  and 
fro  nerve  transmission  in  persons  of  diflferent  temperaments  has 
not  been  yet  ascertained  with  the  desired  precision.  Such  dif- 
ference as  there  may  be  is  obviously  a  fundamental  character- 
istic and  one  that  well  deserves  careful  examination.  I  may 
take  this  opportunity  of  suggesting  a  simple  inquiry  that  would 
throw  mucn  light  on  the  degree  in  which  its  velocity  varies  in 
diflFerent  persons,  and  how  far  it  is  correlated  with  temperament 
and  external  physical  characteristics.    Before  I  describe  the  in- 

?[uiry  I  suggest,  and  toward  which  I  have  already  collected  a 
ew  data,  it  is  necessary  that  I  should  explain  the  meaning  of 
a  term  in  common  use  among  astronomers,  namely,  "personal 
equation."  It  is  a  well-known  fact  that  diflFerent  otjservers 
make  diflFerent  estimates  of  the  exact  moment  of  the  occurrence 
of  any  event  There  is  a  common  astronomical  observation,  in 
which  the  moment  has  to  be  recorded  at  which  a  star  that  is 
traveling  athwart  the  field  of  view  of  a  fixed  telescope,  crosses 
the  fine  vertical  wire  by  which  that  field  of  view  is  intersected. 
In  making  this  observation  it  is  found  that  some  observers  are 
over  sanguine  and  anticipate  the  event,  while  others  are  slug- 
gish and  allow  the  event  to  pass  by  before  they  succeed  in  not- 
ing it.  This  is  by  no  means  the  eflFect  of  inexperience  or  mal- 
adroitness,  but  it  is  a  persistent  characteristic  of  each  individ- 
ual, however  practiced  in  the  art  of  making  observations  or 
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however  attentive  he  may  be.     The  diflTerence  between  the 
time  of  a  man's  noting  the  event  and  that  of  its  actual  occur- 
rence is  called  his  personal  equation.     It  remains  curiously  con- 
stant in  every  case  for  successive  years,  it  is  carefully  ascer- 
tained for  every  assistant  in  every  observatory,  it  is  published 
along  with  his  observations,  and  is  applied  to  them  just  as  a 
correction  would  be  applied  to  measurements  made  by  a  foot- 
rule,  that  was  known  to  be  too  long  or  too  short  by  some  defi 
nite  amount     Therefore  the  magnitude  of  a  man*s  persona] 
equation  indicates  a  very  fundamental  peculiarity  of  constitu 
tion ;  and  the  inquiry  I  would  suggest,  is  to  make  a  compari 
son  of  the  age,  height,  weight,  color  of  hair  and  eyes,  and  tern 
perament  (so  fer  as  it  may  admit  of  definition)  in  each  observer 
m  the  various  observatories  at  home  and  abroad,  with  the 
amount  of  his  personal  ec^uation.     We  should  thus  learn  how 
far  the  more  obvious  physical  characteristics  may  be  correlated 
with  certain  mental  ones,  and  we  should  perhaps  obtain  a  more 
precise  scale  of  temperaments  than  we  have  at  present 

Another  subject  of  exact  measurement  is  the  time  occupied 
in  forming  an  elementary  judgment  If  a  simple  signal  be 
suddenly  shown,  and  if  the  observer  presses  a  stop  as  quickly 
as  he  can  when  he  sees  it,  some  little  time  will  certainly  be  lost, 
owing  to  delay  in  nerve  transmission  and  to  the  sluggishness  of 
the  mechanical  apparatus.  In  making  experiments  on  the  rate 
of  judgment,  the  amount  of  this  interval  is  first  ascertained. 
Then  the  observer  prepares  hiinself  for  the  exhibition  of  a  sig- 
nal that  may  be  eitner  black  or  white,  but  he  is  left  ignorant 
which  of  the  two  it  will  be.  He  is  to  press  a  stop  with  his 
right  hand  in  the  first  event,  and  another  stop  with  his  left 
hand  in  the  second  one.  The  trial  is  then  made,  and  a  much 
loncrer  interval  is  found  to  have  elapsed  between  the  exhibition 
of  the  alternative  signal,  and  the  record  of  it,  than  had  elapsed 
when  a  simple  signal  was  used.  There  has  been  hesitation  and 
delay:  in  short,  the  simplest  act  of  judgment  is  found  to  con- 
sume a  definite  time.  It  is  obvious  that  here,  again,  we  have 
means  of  ascertaining  diflferences  in  the  rapidity  of  forming  ele- 
mentary judgments,  and  of  classifying  individuals  accordingly. 

It  would  be  easy  to  pursue  the  subject  of  the  measurement 
of  mental  qualities  to  considerable  length,  by  describing  other 
kinds  of  experiment,  for  they  are  numerous  and  varied. 
Among  these  is  the  plan  of  Professor  Jevons,  of  suddenly  ex- 
hibiting an  unknown  number  of  betms  in  a  box,  and  requiring 
an  estimate  of  their  number  to  be  immediately  called  out.  A 
comparison  of  the  estimate  with  the  fact,  in  a  large  number  of 
trials,  brought  out  a  very  interesting  scale  of  the  accuracy  of 
such  estimates,  which  would  of  course  vary  in  diflferent  indi- 
viduals, and  might  be  used  as  a  means  of  classification.    I  can 
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imagine  few  greater  services  to  anthropology  than  the  collec- 
tion of  the  various  experiments  that  have  been  imagined  to  re- 
duce the  faculties  of  the  mind  to  exact  measurement  They 
have  engaged  the  attention  of  the  highest  philosophers,  but 
have  never,  so  far  as  I  am  aware,  been  orougnt  compendiously 
together,  and  have  certainly  not  been  introduced,  as  they  de- 
serve, to  general  notice. 

Wherever  we  are  able  to  pe.rceive  diflferences  by  inter-com- 
parison, we  may  reasonably  hope  that  we  may  at  some  future 
time  succeed  in  submitting  those  differences  to  measurement 
The  history  of  science  is  the  history  of  such  triumphs  I  will 
ask  your  attention  to  a  very  notable  instance  of  this,  namely, 
that  of  the  establishment  of  the  scale  of  the  thermometer.  You 
are  aware  that  the  possibility  of  making  a  standard  thermomet- 
ric  scale  wholly  depends  upon  that  of  determining  two  fixed 
points  of  temperature,  the  interval  between  them  being  gradu- 
ated into  a  scale  of  equal  parts.  These  points  are,  I  need 
hardly  say,  the  temperatures  of  freezing  ana  of  boiling  water 
respectively.  On  this  basis  we  are  able  to  record  temperature 
with  minute  accuracy,  and  the  power  of  doing  so  has  been  one 
of  the  most  important  aids  to  pnysics  and  chemistry  as  well  as 
to  other  branches  of  investigation.  We  have  been  so  accus- 
tomed, from  our  childhood,  to  hear  of  d^rees  of  temperature, 
and  our  scientific  knowledge  is  so  largely  based  upon  exact 
thermometric  measurement,  that  we  cannot  easily  realize  the 
state  of  science  when  the  thermometer,  as  we  now  use  it,  was 
unknown.  Yet  such  was  the  condition  of  affairs  so  recently  as 
two  hundred  year^  ago,  or  thereabouts.  The  invention  of  the 
thermometer,  in  its  present  complete  form,  was  largely  due  to 
Boyle,  and  I  find  in  his  "  Memoirs'*  (London,  1772,  vol.  vi,  p. 
403),  a  letter  that  cannot  fail  to  interest  us,  since  it  well  ex- 
presses the  need  of  exact  measurement  that  was  then  felt  in  a 
particular  case,  where  it  was  soon  eminently  well  supplied,  and 
therefore  encourages  hope  that  our  present  needs  as  anthropol- 
ogists may  hereafter,  in  some  way  or  other,  be  equally  well  sat- 
isfied. The  letter  is  from  Dr.  John  Beale,  a  great  friend  and 
correspondent  of  Boyle,  and  is  dated  February,  1663.  He 
says  in  it: — 

"  I  see  by  several  of  my  own  thermometers  that  the  glass- 
men  are  by  you  so  well  instructed  to  make  the  stems  in  equal 
proportions,  that  if  we  could  name  some  degrees,  ....  we 
might  by  the  proportions  of  the  glass  make  our  discourses  intel- 
ligible in  mentioning  what  degrees  of  cold  our  greatest  frosts 
do  produce.  ....  If  we  can  discourse  of  heat  and  cold  in 
their  several  degrees,  so  as  we  may  signify  the  same  intelligi- 
bly,  ....  it  is  more  than  our  forefathers  have  taught  us  to  do 
hitherto." 
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The  principal  experiments  by  which  the  mental  faculties  may 
be  measured  require,  unfortunately  for  us,  rather  costly  and  del- 
icate apparatus,  and  until  physiological  laboratories  are  more 
numerous  than  at  present,  we  can  hardly  expect  that  they  will 
be  pursued  by  many  persons. 

Let  us  now  suppose  that,  by  one  or  more  of  the  methods  I 
have  described  or  aUuded  to,  we  have  succeeded  in  obtaining  a 
group  of  persons  resembling  one  another  in  some  mental  qual- 
ity, and  that  we  desire  to  determine  the  external  physical  char- 
acteristics and  features  most  commonly  associated  with  it.  I 
have  nothing  new  to  say  as  regards  the  usual  anthropometric 
measurements,  but  I  wish  to  speak  of  the  great  convenience  of 
photogmphs  in  conveying  those  subtle  but  clearly  visible  pecu- 
liarities of  outline  which  almost  elude  measurement  .It  is 
strange  that  no  use  is  made  of  photography  to  obtain  careful 
studies  of  the  head  and  features.  No  single  view  can  possibly 
exhibit  the  whole  of  a  solid,  but  we  require  for  that  purpose 
views  to  be  taken  from  three  points  at  right  angles  to  one  an- 
other. Just  as  the  architect  requires  to  know  the  elevation, 
side  view,  and  plan  of  a  house,  so  the  anthropologist  ought  to 
have  the  full  face,  profile,  and  view  of  the  head  from  above  of 
the  individual  whose  features  he  is  studying. 

It  might  be  a  great  convenience,  when  numerous  portraits 
have  to  be  rapidly  and  inexpetosively  taken  for  the  purpose  of 
anthropological  studies,  to  arrange  a  solid  framework  support- 
ing three  mirrors,  that  shall  afford  the  views  of  which  I  have 
been  speaking,  by  reflection,  at  the  same  moment  that  the  di- 
rect picture  of  the  sitter  is  taken.  He  would  present  a  three- 
quarter  face  to  the  camera  for  the  direct  picture,  one  adjacent 
mirror  would  reflect  his  profile  towards  it,  another  on  the  oppo- 
site side  would  reflect  his  full  face,  and  a  third  sloping  over 
him  would  reflect  the  head  as  seen  from  above.  All  the  re- 
flected images  would  lie  at  the  same  optical  distance  from  the 
camera,  and  would,  therefore,  be  on  the  same  scale,  but  they 
would  be  on  a  somewhat  smaller  scale  than  the  picture  taken 
directlv.  The  result  would  be  an  ordinary  photographic  pic- 
ture of  the  sitter  surrounded  by  three  different  views  of  his 
head.  Scales  of  inches  attached  to  the  framework  would  ap- 
pear in  the  picture  and  gjive  the  means  of  exact  measurement. 

Having  ootained  drawings  or  photographs  of  several  persons 
alike  in  most  respects,  but  diffenng  in  minor  details,  what  sure 
method  is  there  of  extracting  the  typical  characteristics  from 
them  ?  I  may  mention  a  plan  which  nad  occurred  both  to  Mr. 
Herbert  Spencer  and  myself,  the  principle  of  which  is  to  super- 
impose optically  the  various  drawings  and  to  accept  the  aggre- 
gate result  Mr.  Spencer  suggested  to  me  in  conversation  that 
the  drawings  reduced  to  the  same  scale  might  be  traced  on  sep- 
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arate  pieces  of  transparent  paper  and  secured  one  upon  another, 
and  tben  held  between  the  eye  and  the  light  I  have  attenapted 
this  with  some  success.  My  own  idea  was  to  throw  faint 
images  of  the  several  portraits,  in  succession,  upon  the  same 
sensitized  photographic  plate.  I  may  add  that  it  is  perfectly 
easy  to  superimpose  optically  two  portraits  by  means  <A  a  stere- 
oscope, and  that  a  person  who  is  used  to  handle  instruments 
will  find  a  common  double  eye-glass  fitted  with  stereoscopic 
lenses  to  be  almost  as  effectual  and  far  handier  than  the  boxes 
sold  in  shops. 

In  illustration  of  what  I  have  said  about  photographic  por- 
traits, I  will  allude  to  some  recent  experiences  of  my  own  in  a 
subject  that  I  have  still  under  consideration.  In  previous  pub- 
lications I  have  treated  of  men  who  have  been  the  glory  of 
manland,  I  would  now  call  your  attention  to  those  who  are  its 
disgrace.  The  particular  group  of  men  I  have  in  view  are  the 
criminals  of  England,  who  have  been  condemned  to  long  terms 
of  penal  servitude  for  various  heinous  offencea 

it  is  needless  to  enlarge  on  the  obvious  fact  that  many  per- 
sons have  become  convicts  who,  if  they  had  been  afforded  the 
average  chances  of  doing  well,  would  have  lived  up  to  a  fair 
standard  of  virtua  Neither  need  I  enlarge  on  the  otner  equally 
obvious  fact,  that  a  very  larse  number  of  men  escape  criminid 
punishment,  who  in  reality  deserve  it  quite  as  much  as  an  aver- 
age convict  Making  every  allowance  for  these  two  elements 
of  uncertainty,  no  reasonable  man  can  entertain  a  doubt  that 
the  convict  class  includes  a  lai*ge  proportion  of  consummate 
scoundrels,  and  that  we  are  entitled  to  expect  to  find  in  any 
large  body  of  convicts  a  prevalence  of  the  truly  criminal  char- 
acteristics, whatever  these  may  ba 

Criminality,  though  not  very  various  in  its  development,  is 
extremely  complex  in  its  origm :  nevertheless,  certain  general 
conclusions  are  arrived  at  by  the  best  writers  on  the  subject, 
among  whom  I  would  certainly  rank  Prosper  Despina  The 
ideal  criminal  has  three  peculiarities  of  character ;  his  conscience 
is  almost  deficient,  his  instincts  are  vicious,  and  his  power  of 
self-control  is  very  weak.  As  a  .consequence  of  all  this,  he 
usually  detests  continuous  labor.  This  statement  applies  to 
the  cnminal  classes  generally,  the  special  conditions  that  deter- 
mine the  description  of  crime  being  the  character  of  the  in- 
stincts; and  the  fact  of  the  absence  of  self-control  bein^  due  to 
ungovernable  temper,  or  to  passion,  or  to  mere  imbecility. 

The  deficiency  of  conscience  in  criminals,  as  shown  by  the 
absence  of  genuine  remorse  for  their  guilt,  appears  to  astonish 
all  who  first  become  familiar  with  the  details  of  prison  lifa 
Scenes  of  heartrending  despair  are  hardly  ever  witnessed  among 
prisoners ;  their  sleep  is  broken  by  no  uneasy  dreams— on  the 
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contrary,  it  is  easy  and  sound ;  tbey  have  also  excellent  appe- 
tites. But  hypocrisy  is  a  very  common  vice ;  and  all  my  in- 
formation agrees  in  one  particular,  as  to  the  utter  untruthful- 
ness of  criminals,  however  plausible  their  statements  may  ap- 
pear to  be. 

The  subject  of  vicious  instincts  is  a  very  large  one;  wc  must 
guard  ourselves  against  looking  upon  them  as  perversions,  inas- 
much as  they  may  be  strictly  m  accordance  with  the  healthy 
nature  of  the  man,  and,  being  transmissible  by  inheritance,  may 
become  the  normal  characteristics  of  a  health v  race,  just  as  the 
sheep-dog,  the  retriever,  the  pointer,  and  the  bull-dog  have 
their  several  instincts.  There  can  be  no  greater  popular  error 
than  the  supposition  that  natural  instinct  is  a  perfectly  trust- 
worthy ^iae,  for  there  are  striking  contradictions  to  such  an 
opinion  m  individuals  of  every  description  of  animal.  All  that 
we  are  entitled  to  say  is,  that  the  prevalent  instincts  of  each 
race  are  trustworthy,  not  those  of  every  individual.  A  man 
who  is  counted  as  an  atrocious  criminal  oy  society,  and  is  pun- 
ished as  such  by  the  law,  may  nevertheless  have  acted  in  strict 
accordance  with  his  instincts.  The  ideal  criminal  is  deficient 
in  qualities  that  oppose  his  vicious  instincts ;  he  has  neither  the 
natural  r^ard  for  others  which  lies  at  the  base  of  conscience, 
nor  has  he  sufficient  self-control  to  enable  him  to  consider  his 
own  selfish  interests  in  the  lon^  run.  He  cannot  be  preserved 
from  criminal  misadventure,  either  by  altruistic  or  by  intelli- 
gentlv  egoistic  sentiments. 

It  becomes  an  interesting  question  to  know  how.  far  these 
peculiarities  may  be  correlated  with  physical  characteristics  and 
features.  Through  the  cordial  and  ready  assistance  of  Sir  Ed- 
mund Du  Cane,  tne  Surveyor-General  of  Prisons,  who  has  him- 
self contributed  a  valuable  memoir  to  the  Social  Science  Con- 
gress on  the  subject,  I  was  enabled  to  examine  the  many  thou- 
sand photographs  of  criminals  that  are  preserved  for  purposes 
of  identification  at  the  Home  Office,  to  visit  prisons  and  confer 
with  the  authorities,  and  lastly  to  procure  for  my  own  private 
statistical  inquiries  a  large  number  of  copies  of  photographs  of 
heinous  criminals.  I  may  as  well  say,  that  I  biegged  that  the 
photographs  should  be  furnished  me  without  any  names  at- 
tached to  them,  but  simply  classified  in  three  groups  according 
to  the  nature  of  the  criraa  The  first  group  included  murder, 
manslaughter,  and  burglary ;  the  second  group  included  felony 
and  forgery;  and  the  third  group  referred  to  sexual  crimes. 
The  photographs  were  of  criminals  who  had  been  sentenced  to 
long  terms  of  penal  servitude. 

By  familiarizing  myself  with  the  collection,  and  continually 
sorting  the  photographs  in  tentative  ways,  certain  natural 
classes  b^;an  to  appear,  some  of  which  are  exceedingly  well 
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marked.  It  was  also  very  evident  that  the  three  groups  of 
crimiDals  contributeil  in  very  different  proportions  to  the  dif- 
ferent physiognomic  classes^ 

This  is  not  the  place  to  go  further  into  details :  indeed  my 
inquiry  is  far  from  complete.     I  merely  quote  my  experiences 
in  order  to  show  the  way  in  which  questions  of  character,  phys- 
iognomy, and  temperament  admit  of  being  scientifically  ap- 
proach^  and  to  ^ve  an  instance  of  the  helpfaluess  of  photog- 
raphy.    If  I  had  had  the  profiles  and  the  shape  of  the  head  as 
seen  from  above,  my  results  would  have  been  much  more  in- 
structive.    Thus,  to  take  a  single  instance,  I  have  seen  many 
g3ncil  studies  in  outline  of  selected  criminal  faces  drawn  by  Dr. 
larke,  the  accomplished  and  zealous  medical  officer  of  Penton- 
ville  Prison ;  and  m  these  sketches  a  certain  very  characteristic 
profile  seemed  to  me  conspicuously  prevalent     I  should  have 
been  very  glad  of  photographs  to  corroborate  this.     So,  again, 
if  I  had  had  photographic  views  of  the  head  taken  from  above, 
I  could  have  tested,  among  other  matters,  the  truth  of  Profes- 
sor Benedict's  assertion  about  the  abnormaUy  small  size  of  the 
back  of  the  head  in  criminals. 

I  have  thus  far  spoken  of  the  characters  and  physiognomy  of 
well-marked  varieties  of  men:  the  anthropologist  has  next  to 
consider  the  life  history  of  those  varieties,  and  especially  their 
tendency  to  perpetuate  themselves,  whether  to  displace  other 
varieties  and  to  spread,  or  else  to  die  out     In  illustration  of 
this,  I  will  proceed  with  what  appears  to  be  the  history  of  the 
criminal  clasa     Its  perpetuation  by  heredity  is  a  question  that 
deserves  more  careful  investigation  than  it  has  received,  but  it 
is  on  many  accounts  more  difficult  to  grapple  with  than  it  may 
at  first  sight  appear  to  be.     The  vagrant  nabits  of  the  criminal 
classes,  their  illegitimate  unions  and  extreme  untruthfulness, 
are  among  the  difficulties.     It  is,  however,  easy  to  show  that 
the  criminal  nature  tends  to  be  inherited  while,  on  the  other 
hand,  it  is  impossible  that  women  who  spend  a  large  portion  of 
the  best  years  of  their  lives  in  prison  can  contribute  many  chil- 
dren to  the  population.     The  true  state  of  the  case  appears  to 
be  that  the  criminal  population  receives  steady  accessions  from 
classes  who,  without  having  strongly  marked  criminal  natures, 
do  nevertheless  belong  to  a  type  of  humanity  that  is  exceed- 
ingly ill-suited  to  play  a  respectable  part  in  our  modem  civili- 
zation, though  they  are  well-suited  to  flourish  under  half-sav- 
age conditions,   being  naturallv  both   healthy  and    prolific. 
These  persons  are  apt  to  go  to  the  bad ;  their  daughters  consort 
with  criminals  and  oecome  the  parents  of  criminals.     An  ex- 
traordinary example  of  this  is  given  by  the  history  of  the  infa- 
mous Jukes  family  in  America,  whose  pedigree  has  been  made 
out  with  extraordinary  care,  during  no  less  than  seven  genera- 
tions, and  is  the  subject  of  an  elaborate  memoir  printed  in  the 
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thirty-first  annual  report  of  the  Prison  Association  of  New  York, 
1876.  It  includes  no  less  than  540  individuals  of  Jukes  blood, 
among  whom  the  number  of  persons  who  degraded  into  crim- 
inality, pauperism,  or  disease,  is  frightful  to  contemplate. 

It  IS  aifficult  to  summarize  the  results  in  a  few  plain  figures, 
but  I  will  state  those  respecting  the  fifth  generation,  through 
the  eldest  of  the  five  prolific  daughters  of  the  man  who  is  the 
common  ancestor  of  the  race.  The  total  number  of  these  was 
108,  of  whom  thirty-eight  came  through  an  illegitimate  grand- 
daughter, and  eightv-nve  through  legitimate  grand-children. 
Out  of  the  thirty-eight,  sixteen  have  been  in  jau,  six  of  them 
for  heinous  offences,  one  of  these  having  been  committed  no 
less  than  nine  times ;  eleven  others  were  paupers  or  led  openly 
disreputable  lives ;  four  were  notoriously  intemperate ;  the  his- 
tory of  three  had  not  been  traced,  and  only  four  were  known 
to  ihave  done  well.  The  great  majority  of  the  women  consorted 
with  criminals.  As  to  thfe  eighty-five  legitimate  descendants, 
they  were  less  flagrantly  bad,  for  only  five  of  them  had  been 
in  jail  and  only  thirteen  others  had  been  paupers.  Now  the 
ancestor  of  all  this  mischief,  who  was  born  aoout  the  year  1780, 
is  described  as  having  been  a  hunter  and  a  fisher,  a  jolly,  com- 
panionable man,  averse  to  steady  labor,  working  hard  and 
idling  by  turns,  and  who  had  numerous  ill^timate  children, 
whose  issue  has  not  been  traced.  He  was,  in  fact,  a  somewhat 
good  specimen  of  a  half-savage,  without  any  seriously  criminal 
instincta  The  girls  were  apparently  attractive,  marrying  early 
and  sometimes  not  badly ;  but  the  gjipsy-like  character  of  the 
race  was  unsuited  to  success  in  a  civilized  country.  So  the 
descendants  went  to  the  bad,  and  the  hereditary  moral  weak- 
nesses they  may  have  had  rose  to  the  surface  and  worked  their 
mischief  without  a  check.  Cohabiting  with  criminals  and 
being  extremely  prolific,  the  result  was  the  production  of  a 
stock  exceeding  500  in  number,  of  a  prevalent  criminal  type. 
Through  disease  and  intemperance  the  breed  is  now  rapialy 
diminishing;  the  infant  mortality  has  of  late  been  horrible 
among  them,  but  fortunately  the  women  of  the  present  genera- 
tion bear  usually  but  few  children,  and  many  or  them  are  alto- 
gether childless. 

This  is  not  the  place  to  go  further  into  details.  I  have 
alluded  to  the  Jukes  family  in  order  to  show  what  extremely 
important  topics  lie  open  to  inquiry  in  a  single  branch  of  an- 
thropological research,  and  to  stimulate  others  to  follow  it  out 
There  can  be  no  more  interesting  subject  to  us  than  the  quality 
of  the  stock  of  our  countrymen  and  of  the  human  race  gener- 
ally, and  there  can  be  no  more  worthy  inquiry  than  that  which 
leads  to  an  explanation  of  the  conditions  under  which  it  dete- 
riorates or  improves. 

Am.  Joub.  Sol— Thibd  Sbribs,  Vol.  XTV,  No.  82.— Oct,,  1877. 
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Art.  XXXVL — Analyses  of  Cast  Nickel^  and  Esmeriments  on 
the  combining  of  Carbon  and  Silicon  with  Nickel;  by  William 
E.  Gard.  Contributions  from  the  SheflSeld  Laboratory  of 
Yale  CoDege.    No.  L. 

Numerous  analyses  of  commercial  nickel  have  been  pub- 
lished, according  to  which  the  usual  impurities  of  this  prodact 
are  cobalt,  iron,  copper^  sulphur,  arsenic,  alumina,  alkaline 
earths  and  silica,  in  very  varying  quantities.  In  a  few  cases 
carbon  is  reported. 

In  text-books  of  metallurgy  it  is  usually  stated  that  the 
final  step  in  the  process  of  preparing  commercial  nickel  is  to 
reduce  the  oxide  m  the  form  of  lumps  or  cubes  without  fusion 
by  means  of  charcoal  According  to  Kerl,*  the  already 
reduced  outside  portion  of  the  cube  takes  up  carbon  by  con- 
tact and  transfers  it  to  the  interior. '  If  the  reduced  metal  be 
allowed  to  remain  in  contact  with  the  coal  at  a  high  tempera- 
ture, it  takes  up  more  and  more  carbon.  It  is  also  stated  in 
Gmelin's  Handbook  of  Chemistry,!  on  the  authority  of  Dober- 
einer,  that  nickel  takes  up  carbon. 

The  nickel  plates  now  largely  used  as  anodes  for  nickel 
plating  are  prepared  by  fusing  commercial  nickel,  generally 
with  addition  or  charcoal,  and  casting  in  suitable  form.  The 
process  of  fusion  could  hardly  be  expected  to  effect  much 
change  in  composition  beyond  the  removal  of  intermixed 
oxides,  as  alumina,  alkaline  earths  and  silica.  The  subjoined 
analyses  show,  however,  that  silica  may  be  reduced  and  retained 
as  silicon,  and  that  a  considerable  amount  of  carbon  may  be 
present 

No.  L  No.  n.  No.  m. 
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Carbon  was  estimated  by  the  method  that  is  generally 
employed  in  this  laboratory  for  its  determination  in  iron,  viz : 
treatment  with  solution  of  perfectly  neutral  normal  cupric 
chloride,  or  of  cupric  ammonium  chloride,  and  combustion  of 
the  residue  after  washing  on  an  asbestos  filter.    The  action  of 

*  Handbuch  der  metallurg.  Hiittenkunde,  toL  iy,  p.  482,  1866. 
t  Vol.  v,  p.  366,  1861. 
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cupric  chloride  on  nickel  is  extremely  slow,  two  or  three  weeks 
being  required  for  the  solution  of  five  grams,  although  crushed 
fine  in  a  steel  mortar.  The  cupric  ammonium  chloride  is  a 
better  solvent,  two  or  three  days  sufficing  for  the  solution. 
Of  the  subjects  of  analysis.  No.  I  was  American  nickel,  manu- 
factured and  cast  by  Jos.  Wharton  at  Camden,  N.  J.  A 
careful  examination  bv  means  of  Marsh's  apparatus  showed 
not  the  least  trace  oi  arsenic  or  antimonv.  No.  11  was  a 
sample  taken  from  a  cast  nickel  anode  used  by  a  nickel  plating 
estaolishment  in  New  Haven.  No.  m,  a  sample  taken  from 
the  same  anode  after  it  had  been  used  in  the  plating  bath  until 
upward  of  half  its  weight  had  been  removed.  Solvent  action 
had  extended  quite  through  the  plate,  leaving  as  usual  a 
porous  flexible  mass  retaining  its  original  form.  A  compari- 
son of  Nos.  II  and  UI  shows  that  under  galvanic  action  the 
carbon,  silicon  and  iron  of  the  anode  dissolve  relatively  slower 
than  nickel,  while  the  reverse  happens  with  sulphur. 

MtperimeriU. 

It  is  well  known  that  when  oxide  of  iron  is  reduced  by  car- 
bon at  a  high  temperature  in  presence  of  silica,  a  portion  of 
the  latter  is  simultaneously  reduced  and  combined  ¥rith  the 
iron.  To  ascertain  the  deportment  of  silicon  to  nickel  under 
similar  conditions,  the  following  experiment  was  made.  A 
quantity  of  pure  nickel  oxide  was  intimately  mixed  with  about 
half  its  weignt  of  finely  pulverized  quartz,  and  enough  charcoal 
powder  to  eflect  reduction  of  both.  The  mass  was  made  into 
pellets  with  starch  paste,  dried,  ignited  and  finally,  with  addi- 
tion of  more  charcoal,  exposed  to  an  intense  heat  for  three 
hours.  A  perfectly  fused  metallic  button  was  obtained,  white, 
homogeneous  in  structure,  soft  enough  to  be  easily  drilled, 
having  a  specific  gravity  of  7*78.  The  smallest  particles  were 
not  attracted  by  an  ordmary  magnet     It  was  found  to  contain 

Carbon 8-90  960 

Silicon 6-039  6190 

In  order  to  obtain  further  knowledge  in  regard  to  the  amount 
of  carbon  which  nickel  may  take  up  under  conditions  to  which 
it  is  more  or  less  exposed  m  the  processes  of  manufacture  and 
casting,  half  a  pound  of  granular  commercial  nickel  was 
packed  in  layers  with  charcoal  in  a  Hessian  crucible  and 
exposed  to  a  full  red  heat  twelve  hours.  Examination  of  the 
contents  of  the  crucible  showed  that  no  fusion  had  taken  place. 
The  temperature  was  then  raised  until  complete  fusion  ensued. 
The  resulting  metal  was  strongly  magnetic,  quite  soft  and  to  a 
considerable  extent  malleable.  It  possessed  a  specific  gravity 
of  8*04,  and  a  fracture  resembling  that  of  fine-grained  grey  pig- 
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iron,  scales  of  graphite  being  plainly 

visible. 
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•  ~  •  • 

To  ascertain  the  deportment  of  nickel  and  cobalt  toward 
hydrocarbon  at  high  temperature,  the  following  substances 
were  placed  in  a  platinum  trough  within  a  porcelain  tube  and 
treated  with  a  slow  current  of  pure  dry  marsh  gas  at  a  full 
red  heat 

No.  1,  thin  plates  of  electroplate  nickel — which  a  careful 
examination  proved  to  be  free  from  impurities.  No.  2,  nickel 
prepared  hy  reducing  pure  oxide  by  hvdrogen.  No.  8,  fine 
soft  iron  wire.  No.  ^  cobalt  prepared  Kom  pure  oxalate  by 
ignition  and  reduction  with  nydrogen.  These  metals  were 
first  ignited  in  the  porcelain  tube  with  hydrogen  and  weighed. 
Three  exposures  to  a  red  heat  with  a  current  of  marsh  gas 
were  then  made,  the  metals  being  weighed  each  time  afiar 
cooling  in  the  current  of  gas.  A  portion  of  the  electro-plate 
nickel  was  used  for  examination  after  the  second  exposure,  so 
that  an  amount  equal  to  *6688  grams  was  present  at  the  last 
heat 

A  condensed  statement  of  the  result  is  exhibited  in  the  fol- 
lowing tables,  in  which  the  first  column  contains  the  original 
weights  of  the  metals ;  the  second,  third  and  fourth,  the  total 
increase  in  weight  after  successive  treatments;  and  the  fif^ 
shows  the  percentage  of  carbon  in  the  final  resulting  com- 
pounds, assuming  that  the  gain  was  due  exclusively  to  this 
element. 

Q«inin  Gainin 

Weights  of  metals.  3^  hours.        4|  hours. 

1.  Ni,  -8597  -0067  -0823 

2.  Ni,  1-9008  -0046  -0071 

3.  Fe,  1-2837  -0078  -0096 

4.  Co,  1-2697  -0758  '1680 

No  deposit  of  carbon  could  be  detected  on  any  part  of  the 
apparatus  or  on  the  metals  at  the  close  of  the  operation.  The 
iron  and  nickel  No.  2  were  unchanged  in  appearance.  The 
cobalt  was  somewhat  blackened.  It  was  as  first  prepared  very 
porous  and  spongy :  a  part  of  its  increase  in  weight  may  have 
been  due  to  aeposited  carbon.  Nickel  No.  2  was  in  the  form 
of  coarse  compact  grains  presenting  comparatively  little  sur- 
face. The  electro-plate  nickel  at  the  end  of  the  operations  had 
become  brittle,  ana  resembled  gas  carbon  in  color  and  luster ; 
treatment  with  nitric  acid  readily  dissolved  the  nickel,  leaving 
a  spongy  mass  of  easily  combustible  carbon.     A  broken  sur- 
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face  appeared  under  the  microscope  homogeneous,  granular, 
with  dull  metallic  luster.  When  ground  to  fine  powder  with 
water  all  settled  rapidly  and  every  particle  was  strongly 
attracted  by  the  magnet  These  properties  seem  to  render 
it  probable  that  the  carbon  was  all  in  a  combined  state. 


Art.  XXX  Vn. — On  the  practical  use  of  Autography^  especially 
for  Natural  Uistory  puhlicaiions.  Condensed  from  a  letter  to 
the  Christiania  paper  *'  Morgenbladet,"  1875,  by  G.  O.  Sars, 
Professor  of  Zoology  at  the  University  of  Christiania,  Nor- 
way, and  translated  by  J.  Lindahl. 

AuTOGBAPHY  is  a  long-known  process  by  which  manuscript, 
or  drawings,  made  on  common  paper  by  means  of  a  peculiar 
kind  of  ink,  mav  be  transferred  to  a  lithographic  stone  and 
then  printed.  This  simple  and  cheap  method  has,  however, 
had  hitherto  a  very  limited  practical  use,  and  almost  exclu- 
sivelv  for  the  reproduction  of  original  manuscripts,  hieroglyphs, 
or  other  simple  figures,  for  which  types  could  not  be  used.  In 
Norway  it  was  introduced  in  1878,  by  Dr.  Lieblein,  who  illus- 
trated his  Egyptological  work  with  some  pa^es  of  hieroglyphic 
inscriptions  reproduced  in  autography.  This  suggested  to  me 
the  idea  that  the  same  process  might  answer  also  for  represent- 
ing simple  zoological  objects,  and  thus  afibrd  the  means  of 
removing  one  of  the  great  impediments  that  too  often  have 
interfered  with  a  free  development  of  zoology,  viz :  the  heavy 
expense  connected  with  a  production  in  the  usual  way — by 
lithographv  or  copper  plate  engraving— of  illustrations  so 
necessary  for  all  works  on  descriptive  zoology.  *  *  *  There 
are  a  number  of  objections  to  the  autographic  process  hitherto 
used,  and  these  led  me  to  experiment  on  the  subject.  I  have 
been  fortunate  enough  by  my  experiments  to  devise  an  easy 
method  and  to  prove  its  extensive  practical  use,  and  it  gives 
me  pleasure  to  communicate  it  to  the  scientific  world,  believing 
that  I  am  doing  science  an  important  service.  I  must  add 
that  the  success  of  my  experiments  is  greatly  due  to  Mr.  Fehr's 
warm  interest  and  assistance. 

The  following  is  a  detailed  explanation  of  this  improved 
autographic  procesa  The  drawing  is  done  on  common  paper, 
not  too  thicK  (for  instance  common  letter  paper),  which,  on 
one  side  (where  the  drawing  is  to  be  made),  has  been  coated, 
by  means  of  a  sponge,  with  a  thin  film  of  starch.  As  it  is  not 
well  for  the  shading  to  use  auite  glossy  paper,  it  is  a  good  way 
to  give  it  a  granulated  surface  by  pressing  it  against  a  litho- 
graphic stone.    By  using  for  this  purpose  stones  with  more  or 
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less  smooth  surface,  the  paper  will  assume  any  degree  of 
smoothness  required,  according  to  the  character  of  the  drawing. 
The  next  process  is  to  fasten  the  paper  to  a  sketching  board  or 
a  piece  of  pasteboard ;  the  drawing  is  then  made  by  means  of 
the  lithographic  crayon.  I  use  a  kind  of  crayon  containing 
copal  (^^  crayons  copaV^)  and  therefore  less  brittle  than  the 
common  kind:  and  as  this  kind  is  also  in  other  respects 
preferable,  it  had  better  always  be  used  for  this  purpose.  It 
can  be  obtained  in  small  boxes  from  Monsieur  Lemercier,  Rue 
de  Seine,  St  Gn.,  57,  Paris. 

The  paper  must  be  cut  to  the  size  intended  for  a  full  plate, 
and  the  drawings  arranged  in  the  same  order  as  they  will 
have  to  apj)ear  in  the  printed  plate.  The  execution  is  exceed- 
ingly simple,  and  any  draughtsman  will  easily  acquire  the 
necessary  skill  in  the  work.  The  method  is  the  same  as  in 
common  drawing  with  lead  pencil,  or  rather  crayon.  The 
figures  should,  however,  first  be  sketched  in  outline  on  com- 
mon paper  and  then  transferred  to  the  prepared  paper  in  the 
usual  manner,  by  means  of  transparent  paper  and  plumbago 
paper,  blue  paper,  or,  still  better,  red  paper,  the  transferring 
oemg  done  witn  a  lead  pencil  that  is  not  too  soft.  The  details 
of  the  figures,  the  shadmg  and  finer  structural  conditions  may 
be  drawn  off-hand  with  the  crayon  on  the  prepared  paper, 
after  the  outline  has  been  transferred.  Any  correction  or 
change  in  the  drawing  can  easily  be  done  by  erasing  with  a 
fine  scalpel,  taking  care  only  that  the  starch  film  be  not 
injured.  I  have  in  this  way  made  numerous  corrections  in  my 
drawings  without  the  slightest  injury  to  the  prints.  When  the 
plate  is  finished  to  satis&ction,  it  is  transferred  to  a  coomion 
smooth  lithographic  stone,  in  the  following  simple  way.  The 
back  of  the  paper  is  moistened  with  water  containing  a  small 
portion  of  nitric  acid ;  and,  after  having  been  put  for  some  time 
between  moistened  soft  printing  paper,  the  plate  is  laid,  face 
downward,  on  the  stone,  which  then  for  a  moment  is  put  in 
the  press.  To  make  more  sure  of  it  the  outside  of  the  paper 
may  be  slightly  rubbed  with  the  finger ;  if  then  the  paper  be 
stripped  off,  the  drawing  and  the  entire  film  of  starcn  will 
remain  on  the  stone,  the  figures  being  reversed.  Now  the 
stone  is  to  be  treated  in  the  common  way  with  ^um  arabic  and  a 
weak  etching,  and  will  then  be  ready  for  printing.  The  whole 
process  of  transferring  the  drawing  from  tne  paper  to  the  stone 
IS  simple,  but  requires  practice  and  great  care.  This  should 
therefore  be  left  to  the  charge  of  a  pr<3essional  lithographer. 

It  may  be  thought  that  tne  zoologist,  by  taking  on  himself 
the  execution  of  his  plates,  would  have  his  labor  excessively 
increased.  This,  however,  is  not  really  so.  The  drawing  must 
at  all  events  be  made  by  the  zoologist  in  one  way  or  another 
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before  the  lithoffrapher  or  engraver  can  copy  them,  and  it  is  of 
no  material  difference  to  the  former  whetner  he  makes  them 
with  lead  pencil  or  in  the  above  described  manner.  The  only 
difference  is  that  he  must  himself  arrange  his  figures  on  the 

f)lates,  and  not,  as  otherwise  is  the  practice,  leave  this  to  the 
ithographer;  and  besides,  he  must  draw  all  the  figures  that 
are  to  go  on  one  plate  in  as  far  as  possible  a  continuous 
sequence.  But  this  increase  of  labor  is  of  small  account  com- 
pared with  the  great  and  essential  advantages  offered  by  this 
method,  viz: 

1.  Cheapness. — The  expenses  of  such  a  plate  are  reduced 
simply  to  the  cost  of  paper  and  printing,  and  will  be  even  less 
than  for  a  page  of  common  printed  matter.  Thus  any  zoolo- 
gist who  publishes  his  researches  can  illustrate  his  papers  with 
any  numoer  of  plates,  without  meeting  the  insurmountable 
obstacle  of  enormous  expense,  which  too  often  has  rendered 
illustration  of  such  papers  impossibla 

2.  Chrrectness, — It  avoids  the  errors  that  come  fix)m  the  copy- 
ing of  drawings  by  the  engraver. 

8.  Quick  execution. — The  author  and  publisher  are  independ- 
ent of  the  greater  or  smaller  expedition  of  the  engraver.  I 
know  of  many  instances  of  the  delay  of  important  researches 
from  this  cause  for  vears,  with  great  detriment  to  the  author 
and  his  works.  Nothing  can  be  more  unpleasant  to  a  working 
zoologist  than  to  be  forestalled  in  this  way  in  his  researches. 
All  this  may  be  avoided  by  usinff  this  autographic  method. 
The  plates  once  drawn,  the  whole  edition  can  be  pushed 
through  the  press  within  the  course  of  a  few  days. 

Against  these  great  and  obvious  advantages  it  may  be  said 
that  only  those  zoologists  can  avail  themselves  of  the  process 
who  know  how  to  draw.  To  this  it  may  be  answered  that  the 
knowledge  of  drawing  is  indispensable  to  a  zoologist  now-a- 
days.  In  many  instances  even  the  best  draughtsman  is  of  no 
use  as  assistant  to  a  zoologist  In  many  cases,  especially  in 
microscopical  researches,  only  a  momentary  flash,  so  to  say, 
illuminates  certain  questions  of  importance.  Such  a  flash  must 
be  perceived  by  the  zoologist  and  so  fully  understood  that  he 
immediately  can  give  a  representation  on  paper  of  what  he 
has  seen,  and  consequentiy  it  is  generally  necessary  that  the 
draughtsman  should  oe  a  zoologist 

Some  modem  zoologists  have,  to  save  expense,  tried  to  make 
their  drawings  directly  on  the  stone.  Such  a  plate  will  of 
course  have  the  value  of  an  autographic  drawing.  But  it 
requires  unusual  practice  and  a  special  study  of  the  litho- 
graphic art,  which  can  be  expected  of  only  a  very  small 
number  of  zoologists.  It  is  obvious  that  the  same  result  is  ob- 
tained by  the  above  described  method,  and  in  a  far  easier  way. 
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Art.  XXXVIIL — On  the  lodates  of  Cobalt  and  Nickel;  soTne  Spe- 
cific Qravity  determinations ;  and  an  Analysis  ^  Sylvaniie 
from  Colorado ;  by  P.  W.  Clabkb,  Professor  of  Physics  and 
Chemistry.  Numbers  IV,  V,  and  VI,  of  Laboratory  Notes, 
from  the  University  of  Cincinnati. 

rV.   On  the  lodates  of  CobaU  and  Nickel. 

About  forty  years  ago  Rammelsberg  described  the  iodatee 
of  cobalt  and  nickel.*  He  dissolved  the  freshly  precipitated 
carbonates  of  the  metals  in  an  aqueous  solution  of  iodic  acid, 
and,  upon  concentrating,  obtained  the  salts  in  the  form  of  crys- 
talline crusts.  To  the  cobalt  salt  he  assigned  a  quantity  of 
water  of  crystallization  represented  by  1^  molecules,  while  the 
nickel  iodate  was  found  to  be  monohydrated. 

During  the  winter  of  1876-1877  I  put  one  of  my  laboratory 
students,  Mr.  H.  B.  Fullerton,  at  work  upon  the  iodates,  requir- 
ing him,  among  other  salts,  to  prepare  the  two  in  question. 
Ilammelsberg*s  mode  of  preparation  was  followed,  and  results 
somewhat  different  from  nis  obtained. 

When  cobalt  carbonate  is  dissolved  in  aqueous  iodic  acid 
and  the  filtered  solution  evaporated  rapidly  over  a  flame,  Ram- 
melsberg's  iodate  readily  separates  out,  nearly  the  whole  of  the 
salt  being  deposited  in  a  very  few  moments.  But  when,  on 
the  other  hand,  the  solution  is  allowed  to  evaporate  spontane- 
ously, small  red  crystals  are  formed,  having  the  composition 
CoIjOe .  BHjO.  This  is  evidently  the  normal  iodate,  since  it  con- 
tains the  same  number  of  molecules  of  water  as  are  found  in 
the  chlorate,  bromate,  nitrate,  chloride,  bromide,  iodide,  hypo- 
phosphite,  h3rposulphite,  dithionate,  selenate,  and  numerous 
other  salts.  Indeea,  a  large  majority  of  the  known  salts  not 
only  of  cobalt  and  nickel,  but  also  of  zinc  and  magnesium, 
crystallize  with  six  molecules  of  water.  So  general  does  this 
rule  appear  to  be  that  all  exceptions  to  it  ought  to  receive  the 
most  careful  scrutiny.  Even  the  sulphates  of  these  metals, 
crystallized  at  temperatures  above  60°  0.,  are  well  known  to  be 
hexhydrated. 

The  new  cobalt  iodate  differs  strongly  in  color  from  the  one 
discovered  by  Rammelsberg,  being  not  a  true  purple,  but  dis- 
tinctly red  like  the  nitrate.  The  percentage  of  cobalt  found 
was  1110,  the  theoretical  quantity  being  11-24.  Heated  to 
135°,  the  salt  loses  18*78  per  cent  of  water.  Four  molecules 
correspond  to  13'95  per  cent  The  remaining  two  molecules  of 
water  could  not  be  expelled  without  partially  decomposing  the 
iodate.  The  specific  gravity  is  8-6426,  at  16*' ;  and  3-6898  at 
*  Poggendorff 's  Aimalen,  vol.  zliy,  p.  645. 
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21**.  Bammelsberg^s  salt  gave  5-0275  at  17*",  and  4-9885  at  19**. 
These  determinations  were  made  by  weighing  in  benzol  with 
an  ordinary  specific  gravity  flask. 

The  iodate  of  nickel  was  prepared  in  a  manner  precisely  cor- 
responding to  that  which  yielded  the  cobalt  compound,  and 
separated  out  in  small  green  crystals  r^embling  m  color  the 
nitrate.  These  also  proved  to  be  hexhydrated,  and  contained, 
according  to  Mr.  Fullerton's  analysis,  11-15  per*  cent  of  nickel. 
Theory,  11-41.  Specific  gravity,  8-6964  at  22^  Want  of  time 
prevented  a  more  complete  examination  of  this  salt  An 
attempt  was  made  to  prepare  the  monohydrated  iodate  of 
Rammelsberg,  but  without  success.  I  hope  that  at  some  time 
in  the  near  future  I  may  be  able  to  get  farther  results  concern- 
ing these  and  one  or  two  other  iodates,  as  there  are  various 
points  about  them  which  need  to  be  cleared  up.  The  work  of 
Mr.  Fullerton,  however,  shows  conclusivelv  that  the  true  nor- 
mal iodates  of  cobalt  and  nickel  contain  really  six  molecules  of 
water  of  crystallization,  and  that  they  are  essentially  diflFerent 
from  the  salts  obtained  by  Rammelsberg. 

V.  Some  /Specific  ChravUy  Detemnnaiions. 

During  the  past  academic  year  the  laboratory  students  in  the 
University  of  Cincinnati  have  determined  the  densities  of  a 
considerable  number  of  salts.  Many  of  these  salts  had  not 
been  determined  before ;  some  of  the  determinations  confirm 
the  work  of  other  investigators,  and  there  are  also  some  impor- 
tant corrections  of  older,  published  fi^rea  The  work  has 
been  done  in  connection  with  the  regular  laboratory  routine, 
and  upon  the  following  plan.  Every  student,  in  addition  to  the 
usual  exercises  in  qualitative  analysis,  has  been  required  to  do 
a  certain  amount  of  preparative  work,  and  to  determine  the 
specific  gravity  of  each  substance  prepared.  It  is  understood 
by  the  student,  in  advance,  that  the  substances  to  be  chosen 
are  as  a  rule  those  of  which  the  density  is  unknown,  and  thus 
he  realizes  that  his  work  is  actually  adding  something  to  the  data 
of  science.  In  short,  every  student  is  absolutely  required  to 
determine  some  new  fact  for  himself,  and  to  determine  it  accu- 
rately. The  work  is  done  under  my  own  personal  supervision, 
and  a  sufficient  number  of  checks  are  put  upon  it  to  render  it 
reliable.  The  weighings,  with  a  few  exceptions,  have  been 
made  in  benzol,  as  in  the  case  of  the  iodates  already  described. 
In  three  instances  only  were  the  weighings  made  in  water. 
The  figures,  however,  all  refer  to  water  as  unity,  taken  at  its 
temperature  of  maximum  density. 

To  Mr.  H.  B.  Fullerton,  as  I  have  already  stated,  was 
assigned  the  iodates.  In  addition  to  the  figures  for  the  cobalt 
and  nickel  salts,  he  obtained  the  following  data. 
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Barium  iodate,  Bal,0^  precipitated  and  oarefdUy  dehydrated, 

6-2179,  6-1 863,  6*2866,  at  18^ 
Silver  iodate,  AglO,,  precipitated,  6*4023,  16*6^    The  same  sah 

recrystallis^  from  ammonia  gave  6*6476,  14*6^ 
Lead  iodate^  Pbl  O^  precipitated,  6*1783,  at  19**,  and  6*1322,  21^ 

For  this  salt  Schr5der  found   6*209.    These  three  iodatea 

were  weighed  in  water. 
Ammonium  iodate,  NH^.IO„  small  crystals,  3*3086,  21^;  and 

3*3372,  12*6^ 

Mr.  Fullerton  also  determined  the  specific  gravities  of  two 
iodides  which  had  previously  been  examined  by  Bodeker. 
Cdl„  in  very  beautiful  pearly  scales,  gave  5*9857  at  12**,  and 
5-9788  at  18*5^  Bodeker^s  figure  is  4*576  at  10°,  making  the 
salt  lighter  than  either  of  the  elements  contained  in  it  This 
fact  of  itself  would  tend  to  throw  suspicion  upon  Bodeker's 
results. 

Bismuth  iodide,  Bil„  gave  Mr.  Fullerton  5*9225  at  le"",  and 
5-8818  at  17-5^  Bodeker  found  5652  at  10**.  Here  again  I 
regard  Mr.  FuUerton's  figures  as  the  more  trustworthy. 

The  following  double  and  compound  cyanides  were  deter- 
mined by  Mr.  W .  L.  Dudley. 
Nickel  potassium  cyanide,  E^iCy„H,0;  1*875,  ll"";  and  1-871, 

14•6^ 
Potassium  platinocyanide,  KJE^iCy^,  3H,0,  slightly  moist,  2*6241, 

13*,  and  2*4548, 16*.    The  discrepancy  between  the  two  is 

undoubtedly  due  to  the  moisture  wiiich  could  not  easily 

be  removed. 
Ammonium  sulphocvanide,  NH^CyS,  1*299  and  1*316  at  13^ 
Potassio-chromic  sufphocyanide,  K,CrCy„S,^  8H,0,  1*7061, 17*5° ; 

1*7107,  16^ 
Potassio-platinic  sulphooyanide,  K^Cy^^  2*370, 19°,  and  2-342, 

18^ 
Sodium  nitroprusside,  1*6869,  26°.    Schr&der  found   1*710   and 

1*716  fortius  salt. 

Four  nitrates  were  determined  by  Mr.  H.  Laws. 
NiN.O^  6H,0,  gave  2*066,  14*,  and  2*037,  22°. 
ZnN.O^ 6H,0,  gave  2063,  18*,  and  2067,  16°. 
CdNX)^  4H X),  gave  2*460,  14°,  and  2*460,  20«. 
BiN,0„  6H,0,  well  crystalliBed,  gave  2*823  at  13*. 

This  salt  has  also  been  determined  by  Playfair  and  Joule, 
who  found  2-786.  Their  method  of  working,  however,  was 
less  reliable  than  that  with  the  specific  gravity  bottle. 

The  bromates  were  taken  up  by  Miss  E.  D.  Storer,  with  the 
following  results. 
EBrO^,  3*323  at  19*.     Eremers  found  3*271,  and  TopsoS  3*218. 

The  agreement  is  tolerable. 
AgBrO,,  6*1983, 16*,  and  6*2153,  18°. 
BaBr.O^  carefully  dehydrated,  4*0396,  17%  3*9918,  18*. 
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Hyposulphites,  measured  by  Mr.  L.  T.  Bichardson. 

CaS,0„6H,0,  in  fine  crystals,   1-8716,    13-5%  and  1*8728,   16^ 
SrS^O,,  6H,0,  in  good  crystals,  2-1666,  21991,  both  at  17*. 
BaS,0„H,0,  precipitated,  3-4461,  16**  and  3*4486,  18®. 

Mr.  Bichardson  also  made  a  determination  for  potassium  sul- 
phate, getting  2*653,  18*^.  This  agrees  closely  with  Petters- 
son's  figure,  2*66. 

Tungstates,  examined  by  Mr.  J.  L.  Davis.  The  sodium  salt 
was  a  commercial  product,  and  was  therefore  first  analyzed  to 
be  certain  of  its  character.  The  nickel  and  barium  salts  were 
prepared  by  the  well-known  method  of  fusion. 

Na,WO„  4-1743,  20-6*",  and  4-1883,  18-6^ 

Na^0„2H,0, 3*2688,  17-6%  and  3-2314,  19^ 
BaWO^,  60036, 13*6%  and  60422,  16^ 

NiWO,,  6-8846,  20-6^,  and  6*8622,  22^ 

Molybdates,  prepared  and  determined  by  Mr.  F.  O.  Marsh. 

BaMoO^,  4-6689, 17-6^  and  4-6483, 19•6^ 
SrMo,,      41664, 20*6*,  and  4-1348,  2 J  ^ 

Mr.  C.  A.  Mohr  worked  upon  phosphates  and  hypophos- 
phites,  as  follows. 

Barium  hypophosphite,  BaP,H,0,,H,0, 2-8718,  10%  and  2-8971, 
17^ 

Magnesium  hypophosphite,  MgP,H^O^,  6H,0,  1-5886,  12-6®,  and 
1-5681,  14*5®. 

Sodium  metaphosphate,  NaPO,,  prepared  by  igniting  microcos- 
mic  salt,  2*4756,  19*5°,  and  2-4769,  18°. 

Potassium  metaphosphate,  KPO„  prepared  by  igniting  the  mono- 
potassium  ortho-salt,  2*2639,  and  2*2513,  both  at  14*6®. 

No  other  hypophosphites  or  metaphosphates  have  as  yet  had 
their  densities  determmed. 

Trisodium  orthophosphate,  anhydrous,  Na,PO^,2-611 1 ,  12® ;  2-6362, 

17*6. 
Sodium  pyrophosphate,  Na,P,0„  lOH.O,  1-7726,  21®.      Playfair 

and  Joule  found  1-836. 

The  same  salt,  dehydrated  by  ignition,  2-8851  and  2*8618, 
17®.  Schroder's  determination  makes  the  salt  2*584,  a  widely 
diflerent  figure. 

The  following  series  of  chromates  was  prepared  and  exam- 
ined by  Miss  E.  0.  Abbot 

Magnesium  chromate,  MgCrO^,  '^HjOj  finely  crystallized,  1*7613  at 
16®.  For  this  salt  Bddeker  found  1-76,  and  Kopp  1*66.  The 
higher  result  is  more  probable.  In  her  work  on  this  com- 
pound Miss  Abbot  also  determined  another  important  fact, 
namely  that,   like  the  corresponding  sulphate,  magnesium 
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chromate  loses  six  molecules  of  water  readily,  holding  the 
seventh  with  much  greater  firmness.  Heated  to  130^  the  salt 
loses  40*21  per  cent  of  water,  the  theoretical  quantity  being 
for  six  mokcules  40*52.  Heated  still  hotter,  say  to  230  , 
more  water,  but  not  the  whole,  is  expelled,  the  compound  at 
the  same  time  undergoing  partial  decomposition.  The  den- 
sity of  MgCrO^  H,0,  was  found  to  be  2*2886  and  2-2801,  at 
17*. 
Ammonium  chromate,  (NH  ),CrO^,  crystallized,  1*9138  and  1*9208, 

12^     Schrdder  makes  it  1*860  to  1*871. 
Ammonium  dichromate,  (NHJ,Cr,0„  21223, 16%  and  2*1805, 17*. 

Schr&der  found  2*153 ;  a  close  agreement* 
Sodium  chromate,  Na.CrO,,  2*7358,  12^,  and  2*7104,  16*5*.    The 
decahydrated  salt,  Na,CrO  ,  10H,0,  was  also  attempted,  but 
with  poor  results.    A  single  determination  came  out  1  *4828 
at  20  ,  a  figure  probably  much  too  low.    The  difficulty  in 
dealing  with  this  body  arises  from  the  extreme  instability  of 
its  water  of  crystallization. 
Ammonium-magnesium  chromate,   (NHJ  Mg(CrOJ„  6H,0,  weD 
crystallize^  1*8278  and  1-8595  at  16^     Also  1*8293  at  l7^ 
In  preparing  this  compound,  cold  saturated  solutions  of  the 
separate  chromates  were  mixed.    Instantly  a  heavy  crystal- 
line precipitate  was  formed,  which  dissolved  up  aeain  upon 
heatmg.    As  the  solution  cooled,  crystals  were  abundantly 
deposited.    Evidently,  then,  the  double  salt  is  much  less  solu- 
ble than  either  of  its  components. 
Potassium-magnesium  chromate,  K,Mg(CrOJ„H,0,  2*6804,  19**; 
and  2*5966,  19-5^     Schr5der  gives  2*592  to  2*608,  a  close 
agreement. 
These  chromate  determinations  fill  up  some  important  gaps 
in  this  series  of  salts,  and  help  us  to  arrive  at  some  interesting 
conclusiona     Pettersson  has  lately  shown  that  selenates  have 
molecular  volumes  exceeding  those  of  the  corresponding  sul- 
phates by  6  for  each  molecule  of  the  acid  radicla     Thus,  the 
molecular  volume  of  sodium  selenate  is  that  of  the  sulphate 
plus  6 ;  that  of  a  selenic  alum  exceeds  that  of  the  correspond- 
ing sulphuric  alum  bv  four  times  6,  and  so  on.     Upon  compar- 
ing these  and  other  chromates  with  Pettersson's  selenates  we 
now  find  that  the  two  series  of  salts  have  approximately  equal 
molecular  volumes ;  the  diflFerence,  if  any  exists,  being  very 
slightly  plus  for  the  selenates.     If  regularities  of  this  kind  can 
be  thoroughly  established,  it  will  be  easy,  having  the  density 
of  a  chromate,  to  calculate  that  of  the  corresponding  sulphate 
or  selenate,  and  mce-versa.     This  connection  between  chromates 
and  selenates  has  already  been  suggested  by  Schroder,  and  Miss 
Abbot's  figures  do  much  towards  confirming  it     Miss  Abbot 
bas  also  redetermined  the  density  of  chromic  chloride,  Cr,Cl^ 
on  a  beautifully  characterized  specimen.     She  finds  2*3572, 
17-5°,  and  2-8766,  16-5°.    Schafank's  figure  for  the  substance 
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being  8*08,  I  redetermined  it  again  in  person,  and  got  2*849  at 
20^.  My  result  thus  confirms  those  of  Miss  Abbot,  and  the 
question  is  raised  whether  this  compound  may  not  exist  in 
more  than  one  modification  as  regards  density. 

The  following  series  of  pyrophosphates  was  worked  up  by 
Mr.  G.  W.  Lewis.  They  were  prepared  by  igniting  the  double 
ammoniacal  orthophosphates. 

Mn^.O,,  3-5847,  20*^,  and  8-6742,  26^ 

MgJ* /)„  2-598,  22%  and  2-559,  18*.     Schrdder  found  2-22. 

Z^,0„  8-7588  and  87574,  28^ 

Co^.O,,  3-746,  23'*,  and  8-710,  25^ 

NijP.O,,  8-9303,  25**,  and  3-9064,  27^ 

Some  of  the  corresponding  pyroarsenates  were  prepared  by 
Miss  Helena  Stallo,  as  follows. 

Mn^.O^  8-6832  and  3-6927,  23^     Also  3-6625,  25*. 
Zn,A9,0„  4-7034  and  4-6989,  21^ 
Mg,A8,0„  3-7305,  15*",  and  3*7649,  l8^ 

Miss  Stallo  also  determined  the  anhydrous  trisodium  ortho- 
arsenate,  getting  2 •8128  and  2*8577,  2r. 

The  following  compounds,  representing  various  series,  may 
be  regarded  as  scattering. 

Gludnum  sulphate,  GISO,,  4H,0, 1-6748,  22"*,  Miss  Stallo.    Top- 

sod  found  for  this  salt,   1*725.    The    sample    Miss   Stallo 

worked  with  was  slightly  damp,  which  will  account  for  the 

difference. 
Potassio-chromic    oxalate,    CrK,C,0„,  3H,0 ;   2-1089,    28%    and 

2-1464,  24** ;  E.  P.  Bishop. 
Stannous  chloride,  SnCl,,  2H,0,  2-634,  24%  E.  P.  Bishop.    The 

published  figure  obtained  by  Penny  was  2-71, 15-5^. 
Cupro-mercuric  iodide,  Hgl, .  Cul,  61602,  15%  and  61412,  13**, 

A  E.  Heighway. 
Mercuric  chloride  with  ammonium  dichromate,  HgCl, .  Am,Cr,0^ 

H,0,  in  large  crystals,  3-2336,  21°,  and  31850,  18%  A  E. 

Heighway. 
Mercuric  acetate,  Hg(C,H,0,)„  8-2544,  22%  and  3-2861,  23%  John 

Hagemann. 
This  completes  the  list  of  determinations  thus  far  made  by 
my  students.     Sixty-three  compounds  are  here  given,  forty-six 
among  them  not  having  been  measured  befora     In  concluding, 
I  will  give  a  few  determinations  of  my  own. 

Potassium  iodate,  EIO,.  There  are  two  published  values  for  this 
salt,  namely,  3*979,  Eremers,  and  2*601,  Ditte.  These  vary 
from  each  other  so  widely  that  I  thought  it  worth  while  to 
redetermine  the  salt,  and  I  obtained  the  figure  8-802,  18^ 
This  confirms  Eremers. 

Tellurium  dioxide,  TeO„  5*7559,  12*5%  and  5*7841, 14^  Schafa- 
rik  found  5-98. 
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TeJlurium  trioxide,  TeO„ 60704,  US*";  60794,  10-6°.  Another 
sample  gave  6*1118,  ll^ 

Barium  tellnrate,  BaTeO,, feebly  ignited,  46486,  10-5°;  4-5306, 
10^  Another  sample  gave  4*4811,  16^  This  salt,  like  the 
sulphate,  becomes  much  denser  hj  ignition.  Uni^ited,  bat 
dried  at  200°,  its  specific  gravity  is  in  the  neighborhood 
of  4-2. 

VL  An  Analysis  of  Sylvanite  from  Colorado. 

Having  had  occasion  lately  to  analyze  a  sylvanite  from  the 
Grand  View  Mine,  Colorado,  I  pabhsb  the  result  here,  not 
because  it  contains  anything  novel,  bat  because  it  seems  to  be 
desirable  that  such  material  should  be  preserved  for  future 
reference  and  discussion.  The  ore  from  this  mine  has,  I  believe, 
not  been  carefuUy  analyzed  before.  The  specimen  was  inribed- 
ded  in  quartz,  associate  with  a  little  iron  pyrites,  and  had  all 
the  usual  characteristics  of  sylvanite. 

The  analysis  came  out  as  follows,  after  eliminating  a  little 
gangue. 

Tellurium 52-96 

Gold 26-39 

Silver 10-66 

Iron 4-46 

Sulphur 6-62 

99-97 
The  sulphur  was  not  estimated  directly,  but  was  calculated 
as  pvrites  to  correspond  with  the  amount  of  iron  found    Elim- 
inating the  pyrites  the  analysis  will  stand  thus. 

Tellurium 68-91 

Gold 29-36 

Silver 11-74 


100-00 
This  sylvanite  was  kindly  given  me  by  Professor  R   S, 
Wayne,  of  Cincinnati. 


Art.  XXXIX. — Notes  on  the  Analysis  of  Btiuminous  Coal ;  by 
T.  O'CoNOR  Sloanb,  A.M.,  E.M.,  Ph.D. 

The  determination  of  ash  in  coal  appears  a  very  simple 
matter ;  yet  I  have  on  several  occasions  lound  much  difficulty 
in  reaching  accurate  resulta  I  traced  the  error  finally  to 
insufficient  pulverization  of  the  coal. 

A  sample  of  coal  was  reduced  to  powder  and  passed  through 
a  fine  wire  sieve,  number  sixty,  or  eighty,  mesh.     I  made  a 
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number  of  determlDatioDs  of  ash,  using  different  weights  of 
the  coiJ,  and  got  the  following  widely  discordant  results : 
a.  From  3  grams,  6*66  p.  c. ;  b.  12  grams,  3*72  p.  o. ;  c.  1  gram, 
4*67  p.  c ;  d.  2  grams,  4*40  p.  o. ;  e.  12  grams,  2*63  p.  c. 

I  then  took  all  that  was  left  of  the  pulverized  coal,  spread  it 
out  upon  a  piece  of  glazed  cloth,  and  divided  it  into  two  parts, 
each  of  about  the  same  weight.  I  did  this  with  the  usaal  pre- 
cautions adopted  in  sampling,  so  that  the  coal  in  each  half 
would  be  exactly  the  same.  One  of  these  parts  was  ignited 
and  incinerated.  Its  weight  was  28*9666  grams.  The  ash 
weighed  "9920  grams,  or  determination  /  24  grams  nearly, 
414  per  cent  The  other  portion  was  powdered  in  a  porcelain 
mortar  until  of  a  full  brown  color.  The  ash  was  deter- 
mined in  one  gram  of  it,  giving  8*90  per  cent,  e.  1  gram,  8*90 
percent 

I  have  since  this  investigation  subjected  any  coal  I  was 
about  to  analyze  to  a  fine  powdering  in  a  porcelam  mortar.  I 
am  of  opinion  that  it  would  be  well  to  prolong  the  operation  in 
an  agate  mortar,  but  the  process  is  too  tedioua  Though  the 
coal  be  reduced  to  a  brown  powder,  it  is  still  quite  difficult  to 
obtain  good  duplicate  results.    I  give  below  some  instances : 

1.  2. 

Coal  A 4-50  p.  c.  4*00  p.  0, 

B 6-25  612 

C 13-86  14-10 

D 6-82  5-75 

The  ash  I  generally  determine  in  one  gram  of  the  coal.  If 
the  crucible,  in  which  tl^e  incineration  is  taking  place  be 
supported  on  the  triangle  in  an  inclined  position,  and  if  the  lid 
be  so  placed  as  to  direct  the  exterior  zone  of  the  flame  into  it, 
the  operation  will  be  greatly  abridged.  By  looking  into  the 
crucible  while  over  the  burner  it  can  be  seen  when  the 
right  position  has  been  reached.  The  cake  of  coke  will  appear 
bright,  or  ignited,  on  the  surface.  From  time  to  time  it  may 
be  rubbed,  or  broken  up  if  possible,  with  a  platinum  wire. 
Before  incineration  the  sample  should  be  ignited  in  the  same 
crucible  with  the  cover  on. 

The  sulphur  may  be  conveniently  determined  by  fusion 
with  the  salt  flux  (Fresenius,  Vacher's  Ed.,  p.  127).  One  gram 
of  the  coal  is  fused  with  a  mixture  of  NaCl  24  grams,  NaNO, 
8  grams,  Na,CO„  4  grama  Frequently  a  mixture  of  equal  parts 
of  nitrate,  and  carbonate  of  soda  is  employed,  sixteen  parts  of 
the  mixture  to  one  part  of  coal.  With  the  salt  flux  tne  reac- 
tion is  less  violent,  all  can  be  at  once  introduced  into  the 
crucible,  and  immediately  fused.  The  coal  mixed  with  the 
deflagrating  flux,  the  second  described,  has,  on  the  contrary, 
to  be  thrown  into  the  hot  crucible  a  little  at  a  time,  so  that 
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it  exacts  more  attention  and  troubla  The  salt  fusion,  in  two 
comparative  determinations  that  I  made,  gave  higher  results  on 
the  same  coal. 

Salt  Fusion.  Deflagration. 

Coal  A 1*70  p.  c.  1*37  p.  c. 

B 1-92  1-69 

The  specific  gravity  cannot  be  satisfactorily  determined  with- 
out the  specific  gravity  bottle.  By  weighing  lumps  in  idr 
and  in  water  all  sorts  of  results  will  be  obtained.  I  break  up 
a  sample  in  an  iron  mortar  and  pass  it  through  a  No.  4  or 
6  sieve.  I  then  shake  it  up  in  a  finer,  No.  16  or  20,  sieve,  so 
as  to  free  it  from  the  dust  and  fine  particles.  This  seems  a 
bad  practice  yet  cannot  well  be  avoided.  The  finely  divided 
coal,  if  left  in  with  the  rest,  will  float  on  the  surface  of  the 
water  used  in  determining  its  specific  gravity,  and  no  amount 
of  boiling  will  make  it  sink. 

The  coal  thus  prepared  I  place  in  a  small  beaker  with  some 
distilled  water,  and  boil  it  I  then  put  the  coal  and  water 
into  the  specific  gravity  flask,  fill  up  with  recently  boiled 
distilled  water,  and  cool  it  to  about  the  teraperatare  of 
the  room.  The  last  cooling  is  done  in  a  beaker  of  water 
which  is  stirred  once  or  twice,  during  the  cooling,  to  make  the 
water  of  uniform  temperature.  When  the  bottle  and  contents 
have  attained  this  temperature,  the  bottle  is  carefully  filled, 
the  stopper  put  in,  and  the  whole  dried  and  weighed.  The 
coal  is  tnen  thrown  out,  the  bottle  filled  with  recently  boiled 
distilled  water,  brought  to  the  same,  temperature  as  before,  and 
weighed.  This  careful  reduction  to  one  temperature  is  very 
important;  by  paying  attention  to  it  very  close  duplicates  can 
be  obtained. 

The  specific  gravity  of  coal  varies  with  the  percentage  of 
ash ;  yet  the  correspondence  is  not  so  perfect  as  to  make  the 
determination  of  the  specific  gravity  a  substitute  for  that  of 
the  latter  constituent  As  the  degree  of  correspondence  is  a 
matter  of  some  interest,  I  give  below  a  number  of  parallel 
determinations  of  ash  and  specific  gravity. 

Speciflc  gravity.         Ash.  Specific  grayity.  Ash. 

1-282 4-02  p,c.  1-827 7-23  p.  c. 

1-300 4-08  1-308 7-95 

1-286. 4-14  1-334 10-38 

1-296 4-68  1-377 1398 

1-295 6-18  1-385 16-22 

1-294 5-78 

Tracing  Cloth  instead  of  Glazed  Paper. 

For  the  purposes  of  sampling  and  pulverizing  minerals, 
coals,  fertilizers,  &a,  for  analysis,  glazed  paper  is  generally 
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emploveA  This  soon  wears  out  I  have  adopted  ordinary 
draughtsman's  tracing  cloth  in  its  placft.  This  lasts  indefi- 
nitely, is  just  as  smooth,  and  is  much  to  be  recommended  for 
these  purposes.  In  the  assay  laboratory,  paper,  used  for  mix- 
ing the  weighed  ores  with  the  fluxes,  soon  wears  out  Here, 
al^,  I  would  suggest  the  use  of  traicing  cloth. 
Laboratory  N.  Y.  Gas  light  Ck>.,  New  York,  August,  1877. 


Art.  XL. — A  Preliminary  Catalogue  of  the  Reptiles^  Fishes  and 
Leptocardians  of  the  Bermudas^  with  descriptions  of  four  species 
of  Fishes  believed  to  be  new  ;  by  G.  Brown  Goode. 

In  a  previous  paper*  I  enumerated  seventy-four  species  of 
fishes  collected  in  the  Bermudas  in  1872.  Another  visit  to 
these  islands  during  the  past  winter  has  enabled  me,  with  the 
cooperation  of  Mr.  J.  Matthew  Jones,  who  kindly  allowed  me 
the  use  of  his  collections  and  note  books,  to  increase  the  num- 
ber to  one  hundred  and  sixty-three.  Of  these  one  hundred 
and  forty -eight  have  been  sufficiently  studied  to  enable  me  to 
give  their  names  in  this  preliminary  list  I  hope  at  an  early 
day  to  discuss  the  fishes  of  the  Bermudas  in  a  more  extended 
paper.  Since  there  is  a  peculiar  interest  in  the  chorological 
relations  of  the  members  of  an  insular  fauna,  I  have  in  a  gen- 
eral way  designated  the  distribution  of  each  species  by  the  use 
of  letters.  W.  indicates  the  West  Indian  province,  U.  the  east- 
em  coast  of  the  United  States  north  of  Georgia,  K  the  Eastern 
Atlantic,  including  Madeira,  the  Canary  Islands  and  the  Med- 
iterranean, and  P.  the  IndoPacific  waters.  These  however  do 
not  show  faunal  relations  accurately,  since  in  this  way  it  is 
impossible  to  distinguish  those  species  which  are  resident  in 
any  particular  district  from  mere  stragglers.  Those  species 
which  are  peculiar  to  Bermuda  are  marked  "B."  and  are  eight 
in  number;  two  of  these,  with  Carassiu^  avratus,  introduced, 
occupy  the  land-locked  brackish  marshea  Two  species,  Euci- 
nostomus  Lefroyi  and  Haliperca  phoebe,  occur  only  m  Bermuda 
and  Cuba.  The  Bermudian  fauna  shares  with  the  West  Indies 
one  hundred  and  sixteen  species  {or  seventy-nine  per  cent^,  of 
which  fifty-eight  (or  forty  per  cent)  are  peculiar  to  the  West 
Indies,  never  having  been  recorded  elsewhere,  while  a  large 
number  of  others  have  their  centers  of  distribution  in  that 
r^on,  individuals  having  made  their  way  in  summer  to  the 

*  Catalogue  of  the  Fishes  of  the  Bermudas,  based  chiefly  upon  the  collections 
of  the  United  States  National  Museum.  By  G.  Brown  Qoode,  Assistant  Curator 
U.  S.  National  Museum.  (Bulletin  U.  S.  Nat  Mus.,  No.  6.)  Washington:  Gov- 
ernment Printing  OfBoe.    82  pp.  8vo.    1876. 

Am.  Joub,  Scl— Third  Sbbibb,  Vol.  XIV,  No.  82w— Oct.,  1877. 
20 
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coasts  of  the  United  States  or  Europe.  With  the  eastern  United 
States,  Bermuda  shares  forty-seven  species,  five  of  which  are 
otherwise  recorded  only  from  our  waters,  all  of  these,  viz : 
Ceratacanihus  aurantiacuSy  Zonichihys  fasciatus,  Lagodon  rhom- 
botdes,  Synodus /ceteris,  and  Eulamia  obscuray  will  doubtless  prove 
to  be  members  of  the  West  Indian  fauna,  and  be  found  to 
occur  in  the  islands  adjoining  the  coast  of  Florida.  With  tBe 
waters  of  the  Pacific  and  Indian  Oceans,  it  has  in  common 
thirty-two  species.  Should  Olyphidodon  codestinxis  Solander, 
prove  identical  with  G.  saxatilisj  another  species  will  be  added 
to  this  list 

The  following  are  the  numbers  of  species  common  to  two  or 
more  faunas,  the  letters  having  significations  as  explained 
above :— B.  W.  U.,  87 ;  B.  W.  E.,  86 ;  B.  W.  P.,  26 ;  B.  P.  E, 
22;  B.U.E.,21;  B.W.U.P.,8;  B.W.U.E.,6;  B.W.E.R, 
7 ;  B.  W.  U.  P.  K,  12. 

The  reptiles,  it  will  be  observed,  are  all  pelagic  except  the 
lizard,  which  is  peculiar  to  Bermuda  and  most  closely  related 
to  the  West  African  species  of  the  genus. 

CATALOGUE. 

Glass,  BBPTILIA. 

Order,  LaoertUia. 
Eumeces  longirostris  Copt.    Lizard.    B. 

Order,  Tesiudinata. 
Sphargis  coriacea  Bond,    Leather  Back  Turtle. 
Thalassochelys  caouaDa  L.    Loggerhead  Turtle. 
Eretmocheljs  imbricata  L,    Hawksbill  Turtle. 
Chelonia  mjdas  Schw,    Green  Turtle. 

Class,  PISCES. 
Sub-class,  Telbostei. 
Order,  PediatlaH. 
Pterophryne  picta  (VaL)  Cfoode,    Derfl  Pish.    W, 
Pterophryne  principis  ( VaL)  Ooode.    W. 

Order,  Plectognathi. 
Orthagoriscus  mola  (L,)  Sehn.    Sun  Fish.    P.  E.  W.  IT. 
Paradiodon  hystrix  (L.)  Btkr.    Sea  Hedgehog.    P.  E.  W. 
Diodon  noTem-maculatus  Cuv,    P.  W. 

Chilomycterus  reticulatus  (L.)    Bibron,    Sea  Porcupine.    E.  W. 
Tetrodon  rostratus  Block.    E. 

Chilichthys  Spengleri  (Bioch)  Ooode,    Swallow.    E.  W. 
Ostradum  qnadricome  L.    Cow  Fish.    E.  W. 
Ostracium  triquetrum  L.    Cuckold.    W. 
Lactophrys  trigonus  (L.)  Poey,    U.  W. 
Balistes  capriscus  Gmel.    Turbot.    P.  E.  W.  U. 
Balistes  vetula  L.    Blue  Turbot    W.  U. 
Cantiiidermis  maculatus  {Gmel)  BIkr.    Ocean  Turbot     P.  E.  W. 
Canthorhinus  occidentals  (Oihr.)  Ooode,    W.  U. 
Canthorhinus  setifer  Benn.  Tar.  beta.    P.  E.  W.  IT. 
Alutariusscriptus(0«&«*)Bftr.    P.  R  W. 
Cerataoanthus  aurantiacus  {Mitch,)  GiU,    B.  U. 
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Order,  lAtphobranckiL 
Hippocampus  antiquomm  Leach.    Sea  Horse.    P.  E.  W. 
Hippocampus  guttulatus  Ow>.    Sea  Horse. 
Syugnathus  Jonesii  Gihr,    B. 

Order,  HemibranchU, 

Centriscus  scolopaz  L,    B.  U. 

Fistularia  serrata  Ouv.    P.  U.  B. 

Aulostoma  maculatum  VaL    Trumpet  Fish.    W. 

Order,  TdeocephaJU, 
Rhomboidichtb  js  lunatus  {L.)  Gthr,    Plaice.    W. 
Rhomboidichthjs  ooellatus  (AgasB.)  Othr,    W. 
Hemirhombus  aramaoa  (Ouv.)  Oihr,    W. 
Hemirhombufl  soleaaformis  (Agata,)  Otitr,    W. 
LejEroyia  bermudensis  Jones,    fi. 
Brotula  barbata  (Schn.)  Ouv.    W. 
Undetermined  gadoid  fish. 
Blennius  crinitus  C.  ds  F.    W. 
Blennius  (species  undetermined). 
Blennius  (species  undeterminedi. 
Blennius  (species  undetermined). 
Labrosomus  nuchipinnis  (Q.  A  0.)  GiU,    E.  W.  U. 
Salarias  tezilis  Q.  6s  O,    W. 
Gobius  soporator  C.  A  V.    Molly  Miller.    E.  W. 
Dactylopterus  yolitans  {L.)  Cuv.    Flying  Gurnard.    E.  W.  IT. 
Scorpsena  Plumieri  Schn.    Prickly  Hind.     W.  U. 
Scarus  radians  VaL    Spanish  Porgy.    W. 
Scarus  Oatesbyi  Lac    W. 
Pseudoscarus  vetula  {Schn.)  OtU.    Blumber.    W. 
Pseudoscarus  quadrispinosus  {C.  A  F.)  Oudch.    Rainbow.    W. 
Pseudoscarus  oceruleus  {Bioch)  Gthr.    Gillingbore.    W. 
Pseudoscarus  croioensis  CBloch)  Goode.    W. 
Pseudoscarus  psittacus  (L.)  Gthr.    Parrot  Fish.    W. 
?  Pseudoscarus  aoutus  Aey.    Mud  Belly.    W. 
Choerojulis  radiatus  (L.)  Goods.    Blue  Fish.    W. 
Choerojulis  biyittatus  {Eloeh)  Foey.    Slippery  Bide.    W. 
Lachnol«emus  falcatus  (L.)  Val.    Hog  Fish.    W. 
Harpe  rufus  {L.)  GiU.    Spanish  Hog  Fish ;  Spanish  Lady  Fish.    E.  W. 
Julis  bifasciatus  (Bloch)  Gthr.    W. 
Julis  nitidissima  Goode,  (new  species)  1.    K 
Pomacentrus  leucostictus  M.  A  T.    W. 

Glyphidodon  saxatilis  L.    Ck>w  Pilot;  Sergeant  Major.    E.  W.  U. 
Eucinostomus  gula  ((7.  A  V.)  Goods     Shad.    W. 
Kucinostorous  Lefroyi  Goods.    Long  Bone  Shad.    W. 
Acanthurus  nigricans  (L,)  GiU.    Dwitor  Fi^    W.  U. 
Sarothrodus  bimaculatus  (Bloch)  Posy.    Four-eyed  Fish.    W. 
Sarothrodus  capistratus  {L.)  Posy.    W. 
Holacanthus  dUaHs  [L.)  Lacep.    Angel  Fish.    W.  U. 
Holacanthus  tricolor  {Block)  Lacep.    Black  Angel  Fish.    W. 
Xiphias  gladius  L.    Sword  Fish.    E.  W.  U. 
Thyrsites  prometheus  (C.  ds  F.)  Gthr.    Cat  Fish.    E. 
Orcynus  aUiteratus  (Rc^f.)  GiU    MaokereL    E.  P.  W.  IT. 
Orcynus  thynnus  (L.)    E.  U. 

Auxis  Rochei  (Risso)  Gthr.    Frigate  mack««L     E.  P.  W. 
Decapterus  puhctatus  {Agass.)  6^.    Round  Robin.    W.  U. 
Trachurops  crumenophthalmus  (Bioch)  GiU.    Gogg^Eye.    P.  W.  IT. 
Paratractus  pisquetoe  (C.  dt  V.)  GiU.    Jack.    W.  U. 
Carangus  (near  C.  falcatus).    Gwelly. 
Carangus  carangus  (Btoch)  C.  dT  V.    P.  E.  W. 
Carangus  dentex  (Bloch)  0.  A  F.    E.  W. 
Trachynotus  oratus  (L.)  Gthr,    Alewiie.    P.  E.  W.  U. 
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Trachynotus  goreensis  C.  db  V.    B.  W. 

Naucratee  ductor  L.    Pilot  Fish.    E.  P.  W.  U. 

Zonichthys  fascdatue  (Bloch)  Sw,    fionito.    U. 

Seriola  Dumerilii  Risso.    Bonito.    E.  P. 

Ck>i7phffiiia  pelagioa  {L.)  Riaso.    Dolphin.    B. 

NomeuB  Gronovii  (Omd,)  Otkr.    P.  B 

CentrolophuB  (spedea  undetermiDed).    E. 

Brama  Rayi  Schu,    B. 

MalacanthuB  Plumieri  (BUkh)  C.  db.  V,    Whiting.    W. 

Mulloidea  flavoTittatua  (Foty)  Qtkr.    Goat  Fiah.    W. 

HypeneuB  maoulatoa  (Block)  Ouv.    Goat  fish    W.  XT. 

Holocentnim  aogo  Bhek,    SquirreL    W.  XT. 

Parequea  acuminatus  (iScAn.)  GUI    dock;  Black  Grunt.    W. 

Calamus  megacephfdus  (S/w,)  Foey.    Goat's  Head  Porgy.    W. 

Calamus  orbitarius  Poey,    l^eep's  Head  Porgy.    W. 

Sargus  variegatus  (Lao,)  Goode.    Bream.    E. 

Sargus  argenteus  d.  db  V.    W, 

La^>don  rhomboides,  {L.)  Bdbrook,    Spanish  Porgy.    U. 

Pimelepterus  Bosdi  Lae,    Chub.    E.  XT. 

Pristipoma  (species  undetermined).    Sailor's  Choice. 

Hsemylum  capeuna  (Licht)  Ooode.    White  Grunt    W.  U. 

Hsemylum  xanthopterum  C,  db  V.    Yellow  Grunt    W. 

Hffimylum  maorostoma  Olhr.    Streaked  Grunt    W. 

Lu^anus  cazis  (vSSc^n.)  Poey.  Gray  Snapper.    W. 

Lu^anus  buccanella  {C.  db  V.),    Black-fin  Red  Snapper.    W. 

Lu^anus  aya  (Bloch)  OtlL    Red  Snapper.    W. 

Lutjanua  (species  undetermined).    Silk  Snapper. 

Lutjanus  (species  undetermined).    Schoolmaster. 

Ocyurus  chrysurus  (Block)  GUI    Yellow  Tail:  Yelting.    W. 

Trisotropis  undulosus  (Ouv.)  Gill    W. 

var.  quadratus  Goode^  MS.    Black  Rock  Fish, 
var.  yenatus  Goode^  MS.    Geg. 
var.  rubromaculatus  Goode,  MS. 

Trisotropis  guttatus  (Schn.)  GUI    Red  Rock  Fish.    W. 

Trisotropis  (species  undetermined).    Salmon  Rock  Fish.    W. 

Epinephelus  striatus  (Bi^^)  (?i^    Hamlet;  Grouper.    W. 

Bpinephelus  guttatus  (GfneL)  Goode,    Hind.    W. 

Enneacentrus  punctatus  (L.)  Poey.    E.  W. 

yar.  guatiyere  Goode,  MS.    Coney ;  Butter  Fish, 
yar.  ouatalibi  Goode,  MS.    Nigger  Fish. 

Petrometopon  guttatus  (L,)  OUL    W. 

Serranus  (species  undetermined).    Graysby. 

Serranus  (species  undetermined).    Mutton  Hamlet 

Haliperca  phoebe  Poey,    Phebe.    W. 

Hypoplectrus  puella  (Guv.)  GUI    Cataphebe.    W. 
•   Rhyptious  saponaceus  i&hn.)  Ouv.    Soap  Fish.     E.  W.  U. 

Undetermined  percoid  nsh. 

Elacate  canadus  (L.)  GUI.    Cubby-yew.    P.  E.  W.  U. 

Apogon  imberbis  (L.)  Gthr, 

Priacanthus  macrophthaknus  0.  db  V.    E.  W.  U. 

Edieneis  remora  L,    Suck  Fish.    P.  E.  W.  U. 

lioptecheneis  naucrates  (L,)  GUI.    Suck  Fish.    P.  E.  W  U. 

SphyrsBua  spot  (Homy)  Goode,    Barracuda.    B. 

Sphyrena  picuda  Schn.    Sennet    K  W. 

Regpaleous  gladius  ( TTo/ft.)  O.  da  V.    Sea  Serpent    B.  P. 

MugU  liza  Vai.    Mullet    W. 

Atherina  harringtonensis  Goode,  (new  species)  3.    Russ  Fry.    B. 

Belone  Joneeii  Goode,  (new  spedee^  2.    Hound  Fish.    B. 

Belone  hians  0.  db  V.    Long  Gar  Msh.    W. 

Hemirhamphus  Pleii  Vol,    Gar  Fish.    W. 

Exoocetus  exiliens  Gmei    Butterfly  Fish.    W.  U. 

Exoocetus  bahiensis  Bam,    Flying  Fish.    P.  W. 
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Exoooetus  Robert!  K  db  T,    Fljing  Fiah.    W. 
Exocoetus  Rondeletii  C.  db  V.    Plying  Fish.    E.  W. 
Cypeelurus  furcatus  (Mitch.)  Weinl.    Flying  Fish.    P.  W.  U. 
Fundulus  Bermudffi  Othr.    Pond  Mullet    B. 
Fundulus  rhizophorsd  Goodcy  (new  species)  4.    B. 
Synodus  lacerta  C.  A  V,    Snake  Fish.    E. 
Synodus  foetens  {L.)  GUI    Snake  Fish.    U. 
Trachinocephalos  myops  {Sekn,)  GiU,    Snake  Fish.    P.  U. 
Albula  oonorhynohus  Schn,    Bone  Fish.    P.  E.  W.  U. 
Megalops  thrissoides  (Schn.)  Othr.    Tarpum.    W.  U. 
SaMinella  anchovia  Vdi    Anchovy.    W. 
Hareng^la  macrophthahna  (Roma.)  Ooode,    Pilchard.    W. 
Opisthonema  thrissa  (L.)  QiO.  ■  Herring.    W.  U. 
Engraab's  ohoerostomus  Goade.    Hog  Mouth  Fry.    B. 
Carassius  auratus  (L,)  Btkr.    Gold  Fish. 

Order,  Apodes, 
Anguilla  rostrata  (Lea.)  DeEay.    Pond  Eel.    P.  U. 
Gymnothorax  moringa  (Gup.)  Goode,    Speckled  Maray.     E.  W. 
Gymnothorax  punctatus  ((7a«t)  (Tocxfe.    Small  Yellow  Spotted  Maray.    P. 
Thyrsoidea  maculipinnis  Kaup,    Green  Maray.    W. 
Muraena  Sanctso-Helenso,  Gthr,    E. 
Echidna  catenata  (Eheh)  BVcr,    W. 
Ophisurus  longus  Poey,    Sand  EeL    W. 
Ophichthys  triserialis  (JTavp.)  Gthr,    Spotted  Sand  EeL    P.  W. 
Leptocephalus  (species  undetermined). 

Sub-class,  Ganoidba. 
Order,  Gkmostomi, 
Acipenser,  sp.    Sturgeon. 

Sub-class,  ELAaMOBRAKOHn. 
Order,  iZauB. 
J5:tobatis  narinari  (Eaphr.)  2L  db  B,    Whip  Bay.    P.  W.  U. 

Order,  SqwoM. 
Isuropsis,  sp.    Mackerel  Shark. 

Sphyma  zygsena  iL.)  M.  db  H.    Hammer-Head  Shark.    P.  E.  W.  U. 
Eulamiaob8cura(Le«.)  (?iZ7.     Shark.    U. 
Mustelus  canis  {Mitch.)  DeKay,    Nurse  Shark.    U. 
Ginglymostoma  cirratum  (GmeL)  M,  db  H,    W.  U. 
Curious  form  in  collection  of  J.  M.  Jones,  genus  and  species  undetermined. 

Glass,  LEPTOGARDH. 
Order,  OvrrosUmU, 
Branchiostoma  lubricum  Co9ta,    P.  E.  W.  U. 

DESCRIPTIONS  OF  NEW  SPECIES. 

J.  JuUs  nitidissimn^  sp.  no  v. 

This  species  agrees  in  many  particulars  with  that  described 
by  Dl  Gunther  under  the  name  Julis  nitida,  from  Jamaican 
specimens  in  the  British  Museum.*.  There  are,  however, 
various  diagnostic  characters  which  it  seems  desirable  to  ex- 
press in  the  form  ot  a  description,  at  the  same  time  designating 
the  Bermuda  fish  by  a  distinct  specific  name  which,  by  its 
similarity  to  that  of  the  species  which  it  so  much  resemoles, 

*  Catalogue  of  Fishes  in  the  British  Museum,  vol.  iv,  p.  190,  1862. 
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will  indicate  my  suspicion  that,  upon  comparison  of  the  speci- 
mens,  the  two  species  may  prove  to  be  identical. 

The  fish  is  quite  small,  rarely  exceeding  three  inches  in 
length,  and  is  very  abundant  among  the  outer  ree&,  swimming 
among  the  Gorgonias  and  Plexauras,  six  or  eight  fathcmis 
below  the  surface,  a  very  conspicuous  object  by  reason  of  its 
brilliant  yellow  colors.  It  is  extremely  shy  and  it  was  only 
after  repeated  trials  that  I  succeeded  m  capturing  a  single 
specimen,  which  took  a  small  hook  baited  for  chubs. 

The  diagnostic  characters  which  separate  Julis  nitida  from 
Julie  nitidissima  appear  to  consist  in  (1)  the  relative  proportions 
of  head  and  bodv,  (2)  the  relative  proportions  of  pectorals  and 
ventral  fins,  (8)  the  number  of  rows  of  scales  below  lateral  line, 
and  (4)  in  the  coloration.  The  latter  character  is,  however,  of 
minor  importance,  it  being  quite  possible  that  a  faded  museum 
specimen  of  the  fish  before  me  might  have  assumed  the  colors 
(lescribed  by  Dr.  Giinther. 

The  specimen  described  is  small,  thoueh  apparently  adult,  its 
total  length  being  about  three  and  one-half  inches  (m.  0-103). 
The  body  is  much  compressed,  its  greatest  width  (m.  0O09) 
being  about  three-eighths  of  its  greatest  height  (m.  0*023),  which 
is  contained  in  the  total  length  about  four  and  one  half  times. 
Length  of  head  (m.  0*025)  contained  in  total  length  four  and 
one  half  times  (in  fresh  specimen  three  and  three-quarters,  it 
having  been  contracted  by  preservation  in  spirits).  JSo  poste- 
rior canine  teeth.  Length  of  snout  (m.  0*008)  equal  to  len^h 
of  operculum  (m.  0*008)  and  to  four-fifths  of  greatest  width 
of  head  (m.  O'Ol).  Width  of  interorbital  area  (m.  0*007)  some- 
what less.  Orbit  circular,  its  diameter  (m.  0*005)  equal  to 
greatest  height  of  dorsal. 

Dorsal  inserted  slightly  in  advance  of  origin  of  ventral  at  a 
distance  (m.  0*08)  equal  to  three  times  the  greatest  width  of 
the  head,  length  of  base  (m.  0*027)  slightly  greater  than  length 
of  head.  Length  of  first  dorsal  spine  (m.  0(K)4)  half  the  length 
of  snout;  greatest  height  of  spinous  dorsal  (m.  0*005)  equal  to 
diameter  of  orbit  Greatest  neight  of  soft  dorsal  (m.  0*008) 
double  that  of  first  dorsal  spine. 

Distance  of  anal  from  snout  (m.  0*062)  twice  the  length  of 
head,  which  is  about  equal  to  length  of  anal  base  (m.  0*024). 
First  anal  spine  (m.  0*008)  half  the  length  of  second  anal  spine 
(m.  0*007)  and  one-third  tne  length  of  longest  ray  (m.  0*01  )u 

Caudal  lobes  slightly  produced,  their  length  (m.  0*016)  two- 
thirds  that  of  the  hea^d  and  twice  that  of  the  snout  Least 
height  of  tail  (m.  0*012)  equal  to  length  of  ventrals. 

sectoral  inserted  at  a  distance  from  the  snout  (m.  0*028) 
equal  to  the  length  of  the  base  of  the  dorsal,  its  lengtn 
(flL  0*021)  slightly  less  than  the  greatest  height  of  the  body. 
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Ventrala  inserted  at  a  distance  from  the  snout  (m.  O'OSl)  a 
trifle  greater  than  the  dorsal  Length  (m.  0*012)  three-sevenths 
of  that  of  the  pectorals,  not  two-tnirds  ais  in  Julis  nitida — the 
most  important  Of  the  diagnostic  characters. 

Radial  formula,  D.  viii,  13.     A.  ii,  11. 

Number  of  scales  in  lateral  line,  26 ;  in  transverse  line,  2  : 9. 

Coloration : — Top  of  head  and  back  brilliant  sulphur-yellow ; 
this  color,  above  the  pectorals,  extending  to  midale  o^  row  of 
scales  beneath  lateral  line,  also  present  upon  cheeks,  opercles, 
and  lips,  and  to  ventral  fina  A  semicircular  spot  of  the  same 
occupying  the  major  part  of  the  caudal  fin,  extending  poste- 
riorly (^uite  to  the  margin.  Throat,  belly  and  sides  of  tail 
white  with  a  rich,  deej^  i-oseate  tinge.  A  band  of  maroon,  as 
wide  as  the  eye,  crossing  the  snout  passes  back  through  the 
eye  nearly  to  the  tip  of  the  opercular  flap.  A  series  of  six 
broad  irregular  blotches  of  bottle  green,  somewhat  quadrate 
in  outline,  each  covering  about  the  width  of  four  transvere 
rows  of  scales,  extends  from  the  opercle,  above  the  pectorals 
and  across  the  downward  curve  of  the  lateral  line  to  the  base 
of  the  caudal.  The  posterior  blotch  is  prolonged  upon  the 
outer  rays  of  the  caudal  to  the  tips  forming  a  crescent  shaped 
figure.  Dorsal  fin  at  margin  transparent,  white,  at  the  base 
yellow,  the  intermediate  space  brownish  green,  deeper  in  shade 
anteriorly,  and  between  the  second  and  fifth  ra^,  forming  a 
blotch,  similar  to  that  indicated  in  the  description  of  Julis 
nilida.  Pectorals  transparent  Anal  rose  color  with  yellow 
transparent  margin.  V'entrals  yellow.  Caudal,  as  hitherto 
described,  yellow  with  exterior  lobes  brownish  green. 

2.  Belone  Jonesii^  sp.  nov. 

The  total  length  of  the  specimen  selected  as  a  type  of  the 
species  is  eighteen  inches  (m.  0*60). 

The  body  is  slightly  compressed,  its  greatest  height,  above 
the  ventrals  (m.  0*08)  one-twentieth  of  total  length,  its  greatest 
width  (m.  0*022)  about  one  twenty-eighth  of  the  same.  Free 
portion  of  tail  somewhat  depressed,  quadrate,  its  height  (m. 
0*01)  one-third  of  greatest  height  of  body.  Caudal  carinse 
moderate. 

Length  of  head  (m.  0*196)  contained  about  three  and  two- 
fifths  times  in  total  length,  and  about  three  and  on^-fourth  of 
length  without  caudal  Upper  surfiace  of  head  somewhat 
depressed,  striated,  with  a  broad  shallow  median  groove,  which 
expands  posteriorly  into  a  wide,  somewhat  depressed  triangular 
area.     Superciliary  region  sharply  striated. 

Length  of  snout  (m.  0*12)  equal  to  length  of  maxillary  (m. 
0*12),  contained  five  times  in  total  length,  and  containing  post- 
orbital  length  of  head  (m.  0*04)  thrice.  Length  of  manaible 
(m.  0*14)  slightly  less  than  distance  from  snout  to  nape  (m. 
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0157)  and  ten  times  the  vertical  diameter  of  the  eyes  (m. 
0*014).  Lower  jaw  projects  four  millimeters  beyond  the  tip  of 
upper  jaw.  Horizontal  diameter  of  eye  (m.  0*019)  equal  to 
width  of  interorbital  area  (m.  0"019)  and  to  length  of  opercu- 
lum (m.  0*019)  and  about  one-eighth  of  length  of  head. 

Teeth  large,  sharp,  not  very  close.  Maxillary  teeth  about 
sixty,  the  largest  three  millimeters  in  length;  mandibular 
teeth  about  sixty,  the  largest  two  millimeters  in  length.  Vo- 
merine teeth  none. 

Distances  from  insertion  of  dorsal  to  snout  (m.  0*488)  slightly 
greater  than  that  of  anal  (m.  0*481).  Length  of  dorsal  (m. 
0097)  equal  to  distance  from  insertion  of  dorsal  to  insertion  of 
ventral.  Greatest  height  of  dorsal  (m.  0*020)  equal  to  greatest 
width  of  head  (m.  0*025). 

Anterior  rays  longest,  their  length  (m.  0*08)  one-tenth  of 
distance  from  ventral  to  snout  Length  of  last  ray  (m.  0*013) 
about  one-third  of  that  of  anterior  rays. 

Length  of  anal  (m.  0*085)  less  than  that  of  dorsal.  Posterior 
rays  half  the  length  (m.  0*007)  of  posterior  dorsal  ray.  Anal 
fin  terminating  anteriorly  to  dorsal  at  a  distance'  equal  to 
length  of  first  dorsal  ray. 

Ventrals  inserted  at  distance  from  snout  (m.  0*84)  greater 
than  half  the  length  of  body,  and  midway  between  anterior 
margin  of  orbit  and  base  of  median  caudal  rays.  Length  (m. 
0*028)  slightly  exceedinff  greatest  width  of  head. 

Pectoral  inserted  at  distance  from  snout  (m.  0*191)  equal  to 
ten  times  width  of  interorbital  space ;  its  length  (m.  0*045) 
slightly  exceeding  postorbital  length  of  head. 

Caudal  forked,  the  length  of  inferior  rays  (m.  0*058)  exceed- 
ing that  of  superior  rays  (m.  004)  by  about  the  length  of 
median  rays  (m.  0012). 

Radial  formula— D,  9  +  14 :  A,  14  +  7 :  C,  5  -f  10-9  +  6 :  P, 
18:V,  5. 

Branchiostegals,  12. 

Number  of  scales  in  lateral  line  (estimated),  880. 

Coloration : — Above  deep  green,  below  silvery  white,  oi>er- 
cles  and  cheeks  silverv  white.  Anterior  rays  of  dorsal  and 
pectoral  fins,  with  caudal  carinas  blackish. 

I  take  great  pleasure  in  giving  to  this  species  the  name  of 
my  friend  Mr.  J.  Matthew  Jones,  F.L.S.,  President  of  the 
Nova  Scotian  Institute  of  Natural  Sciences,  who  has  for  two 
winters  been  associated  with  me  in  the  study  of  the  Bermudian 
fauna. 

The  "  Hound  Fish,'*  as  it  is  called  in  Bermuda,  is  a  graceful, 
active  species,  attains  the  length  of  three  feet  or  more.  It 
frequents  swift  tide  courses  where  it  preys  upon  small  fishes, 
particularly  the  schools  of  Atherina  and  Engraidis.  It  takes 
the  hook  well. 
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8.  Atherina  Harringlonensisj  sp.  nov. 

The  length  of  the  speciraen  selected  as  type  of  the  species  is 
one  and  one-half  inches  (m.  0*066),  the  measurement  being  that 
of  a  specimen  which  has  been  in  strong  alcohol  for  four  months. 
From  the  discrepancy  betweea  this  measurement  and  a  partial 
set  of  measurements  taken  from  a  fresh  specimen  of  the  same 
species  I  infer  that  the  shrinkage  in  the  length  of  the  body  has 
been  quite  considerable,  probably  from  six  to  eight  millimeters. 
The  proportions  given  below  are  taken  from  the  alcoholic  spe- 
cimen. In  the  study  of  fresh  specimens  allowance  should  be 
made  for  discrepancies  caused  by  this  shrinkage.  The  propor- 
tions of  the  head  do  not  appear  to  have  been  changed  by  the 
alcohol. 

The  height  of  body  (m.  0*07)  is  contained  in  length  about 
eight  times  (8^  in  fresh  specimen),  its  width  about  twice  in  its 
height. 

Length  of  head  (m.  0*011)  about  equal  to  length  of  caudal 
peduncle  (m.  0*01)  and  contained  five  times  in  total  length  (6f 
in  fresh  specimen). 

Diameter  of  eye  (m.  0*004)  about  one-third  the  length  of 
head,  the  length  of  snout  somewhat  less  than  that  of  post- 
orbital  portion  of  head,  also  equal  to  len^h  of  maxillary,  and 
slightly  greater  than  width  of  inter-orbital  area  (m.  O'OOST). 
Greatest  width  of  head  (m.  0006)  about  double  the  length  of 
snout  Length  of  mandible  (m.  0005)  about  equal  to  that  of 
post-orbital  portion  of  head.  Cleft  of  mouth  quite  oblique, 
maxillary  extending  to  the  vertical  from  anterior  margin  of 
orbit.  Lower  jaw  slightly  the  longer;  mouth  very  protractile; 
teeth  small,  inconspicuous. 

Spinous  dorsal  mserted  behind  extremity  of  ventral,  at  a 
distance  from  snout  (m.  0*08)  greater  here  than  half  the  length 
of  body.  Anal  directly  beneath  dorsal,  their  lengths  of  base 
(m.  0007)  being  equal  Greatest  height  of  anal  (m.  0O06) 
greater  than  that  of  dorsal  (m.  0O03). 

Length  of  ventral  (m.  0006)  two-thirds  that  of  pectoral  (m. 
0O09)  which  exceeds  three-fourths  that  of  head. 

Radial  formula:— D.  VII,  I,  10:  A.  I,  11. 

Number  of  scales  in  lateral  line  about  forty-five ;  in  trans- 
verse line  about  six. 

Coloration : — Greenish  white,  a  narrow  silverv  band  extend- 
ing from  gill -opening  to  tail,  covering  the  third  row  (from 
above)  of  scales  and  the  edges  of  the  contiguous  rows  above 
and  below. 

The  **  Buss  Fry  "  occurs  in  immense  quantities  in  all  the 
lagoons  and  protected  bays  of  the  Bermudas.  The  schools 
swim  near  the  surface  of  the  water  and  are  preyed  upon  by  all 
the  carnivorous  species.  They  are  particularly  abundant  in 
the  beautiful  little  lagoon  called  Harrington  Sound. 
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4.  Fundulus  rhizophorce^  sp.  nov. 

The  length  of  the  specimen  selected  as  type  is  six  centi- 
meters. Height  of  body  at  insertion  of  pectorals  (m.  0'016) 
one-fourth  of  total  length,  at  ventral  (m.  ©"OOO)  about  one 
seventh,  at  base  of  caudal  (m.  0*0075)  one-eighth* 

Head  much  depressed,  its  length  (m.  0*017)  contained  three 
and  one-eighth  in  total  Snout  broad,  obtuse,  depressed,  its 
length  (m.  0*006)  slightly  longer  than  orbital  diameter  and 
contained  in  length  of  head  alx>ut  three  times.  Inter-orbital 
area  broad  and  nat,  its  width  (m.  0*007)  less  than  length  of 
post  orbital  portion  of  head  (ra.  0*009)  and  greater  than  length 
of  operculum  (na.  0006).  Diameter  of  orbit  (m.  0*0045)  half 
the  length  of  post-orbital  tract 

Origin  of  dorsal  &n  equidistant  from  tip  of  caudal  and  ante- 
rior margin  of  snout,  and  over  the  eighteenth  scale  of  lateral 
line.  Distance  from  snout  (m.  0*018)  three-tenths  of  total 
length ;  extreme  height  (m.  0*006)  one-tenth,  and  length  of 
base  (m.  0*008)  two-fifteenths. 

First  anal  ray  below  third  dorsal  ray;  length  of  base  (m. 
0005)  one-twelfth  of  total  length.  Extreme  height  (m.  OOll) 
double  length  of  base,  and  nearly  double  the  extreme  height 
of  dorsal 

Ventral  inserted  slightly  in  advance  of  middle  of  body  (dis- 
tance from  snout,  m.  0*029),  its  length  (m.  0*007)  equal  to 
width  of  inter-orbital  area. 

Pectoral  inserted  at  distance  from  snout  (m.  0*02)  equal  to 
one-third  of  total  length ;  length  (m.  0*009)  equal  to  post-orbital 
length  of  head. 

Length  of  caudal  (m.  0*01)  equal  to  height  of  anal  and  about 
one* sixth  of  total. 

Radial  formula : — D.  12  :  A.  11. 

Number  of  scales  in  lateral  line  thirty-five;  rows  in  trans- 
verse line  twelve  or  thirteen. 

Coloration : — Ground  color  light  tawny  yellow  with  about 
fifteen  regular  transverse  bands  of  greenish  brown,  each  about 
two  scales  in  width,  \)bscure  anteriorly  but  distinct  upon  pos- 
terior half  of  body. 

This  little  minnow  occurs  abundantly  in  Basden  Pond,  a 
brackish  marshy  body  of  water  at  the  eastern  end  of  the  main 
island,  amon^  tne  arching  roots  of  the  mangrove  {Bhizop/iara 
mangle).  It  is  known  as  the  "  Pond  Mullet,"  but  may  more 
appropriately  be  called  the  Mangrove  Minnow,  The  speci- 
mens described  are  young  males,  not  in  breeding  colors. 
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Art.  XLL — History  of  Cavern  Bktphration  in  Devonshire^  Eng- 
land; by  W.  Pbngelly,  F.RS.,  F.G.S.,  President  of  the 
Geological  Section  of  the  British  Association  at  Plymouth. 

»  »  »  »  Among  the  local  geological  papers  read  [before  the 
British  Association]  in  1841  [at  the  time  of  its  only  previous 
visit  to  Plymouth,]  none  appear  to  have  attracted  so  much 
attention  as  those  on  Lithodomous  Perforations,  Raised  Beaches, 
Submerged  Forests,  and  Caverns  (see  Athenaeum  for  7th  to  28th 
of  August,  1841) ;  and,  as  an  effort  to  connect  the  present  with 
the  past,  I  have  decided  on  taking  up  one  of  these  threads,  and 
devoting  the  remarks  I  have  now  to  offer  to  the  History  of 
Cavern-Exploration  in  Devonsire.  I  ana  not  unmindful  that 
there  were  giants  in  those  days ;  and  no  one  can  deplore  more 
than  T  do  our  loss  of  Buckland  and  De  la  Beche,  among  many 
others ;  nor  can  I  forget  the  enormous  strides  opinion  has  made 
since  1841,  when,  in  this  Section,  Dr.  Buckland  "  contended 
that  human  remains  had  never  been  found  under  such  circum- 
stances as  to  prove  their  contemporaneous  existence  with  the 
hyfienas  and  bears  of  the  caverns,"  and  added  that  **  in  Kent's 
Hole  the  Celtic  knives  *  *  *  *  were  found  in  holes  dug  by  art, 
and  which  had  disturbed  the  floor  of  the  cave  and  the  bones 
below  it"  (Athenaeum,  14th  Aug.,  1841,  p.  626).  This  scep- 
ticism, however,  did  the  good  service  of  inducing  cavern  ex- 
plorers to  conduct  their  researches  with  an  accuracy  which 
should  place  their  results,  whatever  they  might  prove  to  be, 
-  amongst  the  undoubted  additions  to  human  knowledge. 

The  principal  caverns  in  South  Devon  occur  in  the  limestone 
districts  of  Plymouth,  Yealmpton,  Brixham,  Torquay,  Buck- 
fastleigh,  and  Uhudleigh  ;  but  as  those  in  the  last  two  localities 
have  yielded  nothing  of  importance  to  the  anthropologist  or  the 
paleontologist,  they  will  not  be  further  noticed  on  this  occa- 
sion. In  dealing  with  the  others  it  seems  most  simple  to  follow 
mainly  the  order  of  chroiiology ;  that  is  to  say,  to  commence 
with  the  cavern  which  first  caught  scientific  attention,  and, 
having  finished  all  that  the  time  at  my  disposal  will  allow  me 
to  say  about  it  but  not  before,  to  proceed  to  the  next,  in  the 
order  thus  defined ;  and  so  on  through  the  series. 

Oresion  Caverns, — When  Mr.  Whidbcy  engaged  to  superin- 
tend the  construction  of  the  Plymouth  Breakwater,  Sir  Joseph 
Banks,  President  of  the  Royal  Society,  requested  him  to 
examine  narrowly  an^  caverns  he  might  meet  with  in  the  lime- 
stone-rock to  be  qarned  a  Oreston,  near  the  mouth  of  the  river 
Plym,  not  more  than  two  miles  from  the  room  in  which  we  are 
assembled,  and  have  the  bones  or  any  other  fossil  remains  that 
were  met  with  carefully  preserved  (see  Phil.  Trans.,  1817,  pp. 
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176-182).  This  reauest  was  cheerfully  complied  with,  and 
Mr.  Wbidbej  had  toe  pleasure  of  discovering  bone-caves  in 
November,  1816,  November,  1820,  August  and  November, 
1822,  and  of  sending  the  remains  found  in  them  to  the  Boyal 
Society. 

It  is,  perhaps,  worthy  of  remark  that,  though  cavern-researches 
receivea  a  great  impulse  from  the  discoveries  in  Ktrkdale, 
Yorkshire,  and  especially  from  Dr.  Buckland's  well-known  and 
graphic  descriptions  of  them,  such  researches  had  originated 
many  years  befora  The  request  by  Sir  Joseph  Ban^  was 
made  at  least  as  early  as  1812  (see  Trana  Devon.  Assoc,  v, 
pp.  252,  253),  and  a  paper  on  the  Oreston  discoveries  was  read 
to  the  Royal  Society  in  February,  1817,  whereas  the  Kirkdale 
Cavern  was  not  discovered  until  1821.  British  cave-hunting 
appears  to  have  been  a  science  of  Devonshire  birth. 

The  Oreston  Caverns  soon  attracted  a  considerable  numb^ 
of  able  observers ;  they  were  visited  in  1822  by  Dr.  Buckland 
and  Mr.  Warburton  ;  and  in  a  comparatively  short  time  became 
the  theme  of  a  somewhat  voluminous  literature.  Nothing  of 
importance,  however,  seems  to  have  been  met  with  from  1822 
until  1858,  when  another  cavern,  containing  a  laige  number  of 
bones,  was  broken  into.  Unfortunately,  there  was  no  one  at 
hand  to  superintend  the  exhumation  of  the  specimens;  the 
work  was  left  entirely  to  the  common  workmen,  and  was  badly 
done ;  many  of  the  remains  were  dispersed  beyond  recovery ; 
the  matrix  in  which  they  were  buried  was  never  adequately 
examined ;  and  we  are  utterly  ignorant,  and  must  for  ever 
remain  so,  as  to  whether  they^did  or  did  not  contain  indications 
of  human  existence.  I  visited  the  spot  from  time  to  time,  and 
bought  up  everything  to  be  met  with  ;  but  other  scientific  work 
in  another  part  of  the  county  occupied  me  too  closely  to  allow 
more  than  an  occasional  visit  The  greater  part  of  the  speci- 
mens I  secured  were  lodged  in. the  British  Museum,  where  they 
seem  to  have  been  forgotten,  while  a  few  remain  in  my  private 
collection. 

Some  difference  of  opinion  has  existed  respecting  the  charac- 
ter of  the  successive  caverns,  and  much  mystery  has  been 
imported  into  the  question  of  the  introduction  of  their  contents. 
Mr.  Whidbey,  it  is  said,  "saw  no  possibility  of  the  cavern  of 
1816  having  had  any  external  communication  through  the 
rock  in  which  it  was  inclosed"  (PhiL  Trans.,  1817,  pp.  176-182); 
but  Dr.  Buckland  was  of  opinion  that  they  were  all  at  first 
fissures  open  at  the  top,  and  ^'  that  the  openings  had  been  long 
filled  up  with  rubbish,  mud,  stalactite,  or  fragments  of  rock 
cemented,  as  sometimes  happens,  into  a  breccia  as  solid  as  the 
original  rock,  and  overgrown  with  grass"  (Phil.  Trans.,  1822, 
pp.  171-240). 
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The  conclusion  I  arrived  at,  after  stadying  so  much  of  the 
roof  of  the  cavern  of  1858  as  remained  intact,  was  that  Dr. 
Buckland^s  opinion  was  fully  borne  out  by  the  facts ;  that,  in 
short,  the  Oreston  Caverns  were  Fissure  Caverns,  not  7\cnnel 
Caverns, 

The  cavern  of  1858  was  an  almost  vertical  fissure,  extending  a 
length  of  about  ninty  feet  from  N.N.E.  to  S.S.W.  It  com- 
menced at  about  eight  feet  below  the  sur&ce  of  the  plateau, 
continued  thence  to  the  base  of  the  cliff,  but  how  much  farther 
was  not  known,  and  its  ascertained  height  was  about  fifty-two 
feet  It  was  two  feet  wide  at  top,  whence  it  gradually  widened 
to  ten  feet  at  bottom.  The  root  judging  from  that  part  which 
had  not  been  destroyed,  was  a  mass  of  limestone-breccia,  made  up 
of  large  angular  fragments  cemented  with  carbonate  of  lime, 
and  requiring  to  be  blasted  as  much  as  ordinary  limestone. 
The  cavern  was  completely  filled  with  deposits  of  various 
kinds. 

The  uppermost  eight  feet  consisted  of  loose  angular  pieces  of 
limestone,  none  of  wnich  exceeded  ten  pounds  in  weight,  mixed 
with  a  comparatively  small  amount  of  such  sand  as  is  common 
in  dolomitic  limestone  districts,  but  without  a  trace  of  stalag- 
mite or  fossil  of  any  kind.  The  thirty-two  feet  next  below 
were  occupied  with  similar  materials,  with  the  addition  of  a 
considerable  quantity  of  tough,  dark,  unctuous  clay.  Between 
this  mass  and  the  outer  wall  of  the  cavern  was  a  nearly  vertical 
plate  of  stalagmite,  usually  about  two  feet  thick,  and  contain- 
ing, at  by  no  means  wide  intervals,  firmly  cemented  masses  of 
breccia  identical  in  composition  with  the  adjacent  bed  just 
mentioned.  The  bones  the  cavern  yielded  were  all  found 
within  these  thirty-two  feet;  and  were  met  with  equally  in  the 
loose  and  the  coherent  breccia,  as  well  as  in  the  stalagmite. 
A  somewhat  considerable  number  of  ellipsoidal  balls  of  clay, 
from  1*5  to  2*5  inches  in  greatest  diameter,  occurred  in  the  clay 
of  this  bone-bed,  but  not  elsewhere.  Still  lower  was  a  mass  of 
dark,  tough,  unctuous  clay,  containing  a  very  few,  small,  angu- 
lar stones,  but  otherwise  perfectly  homogeneous,  and  known  to 
be  twelve  feet  deep,  but  now  much  more  was  undetermined. 

The  osseous  remains  found  at  Oreston  prior  to  1858  have 
been  described  by  Sir  E.  Home,  Mr.  Clift,  Dr.  Buckland,  Pro- 
fessor Owen,  Mr.  Busk,  aaad  others.  The  animals  represented 
were  Ursus  priscus^  U.  spekeus,  weasel  (?),  wolf,  k>x,  cave 
hyssna,  cave  lion,  Rhinoceros  leptorhinus,  Equus  Jbsstlis,  K 
plicidens,  Asinus  JbssUis,  Bison  minor,  Bos  longifrons,  and, 
according  to  the  late  Mr.  Bellamy,  mammoth  and  hippopota- 
mus (see  Nat.  Hist  of  S.  Devon,  1889,  p.  82).  With  regard  to 
hippopotamus,  I  can  only  say  that  I  have  never  met  with  satis- 
factory evidence  of   its  occurrence  in  Devonshire;   but  the 
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mammoth  was  certainly  found  at  Oreston  in  1858;  and,  unless 
I  am  greatly  in  error,  remains  of  Rhinoceros  tiehorhinus  were 
also  met  with  there,  and  lodged  by  me  in  the  British  Mnseam. 
It  may  be  added  that  the  skull  and  other  relies  of  a  bog  were 
exhumed  on  that  occasion,  and  now  belong  to  my  collection. 
There  was  nothing  to  suggest  that  the  cavern  had  been  the 
home  of  the  hyaena ;  and  whilst  I  fully  accept  Dr.  Buckland'a 
opinion  that  animals  had  fallen  into  the  open  fissures  and  there 
perished,  and  that  the  remains  had  subsequently  been  washed 
thence  into  the  lower  vaultings  ("  Eeliq.  Dil.,"  2d  ed.,  188^  p. 
78),  I  venture  to  add  that  some  of  the  animals  may  have 
retired  thither  to  die;  a  few  may  have  been  dragged  or  pursued 
there  by  beasts  of  prey ;  whilst  rains,  such  as  are  not  quite 
unknown  in  Devonshire  in  the  present  day,  probably  washed 
in  some  of  the  bones  of  such  as  aied  near  at  hand  on  the  adja- 
cent plateau.  Nothing  appears  to  have  been  met  with  sugges- 
tive of  human  visita 

Kent's  Hole, — ^About  a  mile  due  east  from  Torquay  harbor 
and  half  a  mile  north  from  Torbay  there  is  a  small  wooded 
limestone  hill,  the  eastern  side  of  which  is,  for  the  uppermost 
thirty  feet,  a  vertical  cliff,  having  at  its  base,  and  fifty -four  feet 
apart,  two  apertures  leading  into  one  and  the  same  vast  cavity 
in  the  interior  of  the  hill,  known  as  Kent's  Hole  or  Cavern. 
These  openings  are  about  200  feet  above  mean  sea-level,  and 
from  them  the  hill  slopes  rapidly  to  the  valley  at  its  foot,  at  a 
level  of  from  sixty  to  seventy  feet  below. 

There  seems  to  be  neither  record  nor  tradition  of  the  dis- 
covery of  the  cavern.  Richardson,  in  the  8th  edition  of  "  A 
Tour  through  the  Island  of  Great  Britain,"  published  in  1778, 
speaks  of  it  as  "  perhaps  the  greatest  natural  curiosity"  in  the 
couniy.  Its  name  occurs  on  a  map  dated  1769 ;  it  is  mentioned 
in  a  lease  1669 ;  visitors  cut  their  names  and  dates  on  the 
stalagmite  from  1571  down  to  the  present  century ;  judging 
from  numerous  objects  found  on  the  floor,  it  was  visited  by 
man- through  mediaeval  back  to  pre-Roman  times;  and,  unless 
the  facts  exhumed  by  explorers  have  been  misinterpreted,  it 
was  a  human  home  during  the  era  of  the  mammoth  and  his 
contemporariea 

In  1824  Mr.  Northmore,  of  Cleve,  near  Exeter,  was  led  to 
make  a  few  diggings  in  the  cavern,  and  was  the  first  to  find 
fossil  bones  there.  He  was  soon  followed  by  Mr.  (now  Sir)  W. 
C.  Trevelyan,  who  not  only  found  bones,  out  had  a  plate  of 
them  engraved.  In  1826,  the  Rev.  J.  MacEnery,  an  Irish 
Roman  Catholic  priest  residing  in  the  family  of  Mr.  Gary,  of 
Tor  Abby,  Torquay,  first  visited  the  cavern,  when  he,  too, 
found  teeth  and  bones,  of  which  he  published  a  plate.  Soon 
after,  be  made  another  visit,  accompanied  by  Dr.  Buckland, 
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when  he  had  the  ffood  fortune  to  discover  a  flint  implement ; 
the  first  instance,  he  tells  us,  of  such  a  relic  being  noticed  in 
any  cavern  (see  Trana  Devon.  Assoc.,  iii,  p.  441).  Before  the 
close  of  1826,  he  commenced  a  series  of  more  or  less  systematic 
diggings,  and  continued  them  until,  and  perhaps  after,  the 
summer  of  1829  (ibid.,  p.  295).  Preparations  appear  to  have 
been  made  to  publish  the  results  of  his  labors ;  a  prospectus 
was  issued,  numerous  plates  were  lithographed,  it  was  generally 
believed  that  the  MS.  was  almost  ready,  and  the  only  thing 
needed  was  a  list  of  subscribers  sufficient  to  justify  publication, 
when,  alas!  on  February  18,  1841,  before  the'  printer  had 
received  any  "copy,"  before  even  the  world  of  science  had 
accepted  his  anthropological  discoveries,  before  the  value  of 
his  labors  was  known  to  more  than  a  very  few,  Mr.  MacEnery 
died  at  Torquay. 

After  his  decease  his  MS.  could  not  be  discovered,  and  its 
loss  was  duly  deplored.  Nevertheless,  it  was  found  after 
several  years,  and,  having  undergone  varieties  of  fortune, 
became  the  property  of  Mr.  Vivian,  of  Torquay,  who,  having 
published  portions  of  it  in  1859,  presented  it  in  1867  to  the 
Torquay  Natural  Historv  Society,  whose  property  it  still 
remains.  In  1869  I  had  the  pleasure  of  printing  the  whole,  in 
the  Transactions  of  the  Devonshire  Association. 

Whilst  Mr.  MacEnery  was  conducting  his  researches,  a  few 
independent  diggings,  on  a  less  extensive  scale,  were  taken  by 
other  gentlemen.  The  principal  of  these  was  Mr.  Godwin- 
Austen,  the  well-known  geologist,  whose  papers  fully  bore  out 
all  that  MacEnery  had  stated.  (See  Trans.  Geol.  ^oc.  Lond., 
2d  series,  vi,  446).  In  1846,  a  sub-committee  of  the  Torquay 
Natural  History  Society  undertook  the  careful  exploration  of 
very  small  parts  of  the  cavern,  and  their  report  was  entirely 
confirmatory  of  the  statements  of  their  predecessor — that  un- 
doubted flint  implements  did  occur,  mixed  with  the  remains  of 
extinct  mammals,  in  the  cave-earth,  beneath  a  thick  floor  of 
stalagmite.  The  sceptical  position  of  the  authorities  in  geologi- 
cal science  remained  unaffected,  however,  until  1858,  when  the 
discovery  and  systematic  exploration  of  a  comparatively  small 
virgin  cavern  on  Windmill  Hill,  at  Brixham,  led  to  a  sudden 
and  complete  revolution;  for  it  was  seen  that  whatever  were 
the  facts  elsewhere,  there  had  undoubtedly  been  found  at  Brix- 
ham flint  implements  commingled  with  remains  of  the  mam- 
moth and  his  companions,  and  in  such  a  way  as  to  render  it 
impossible  to  doubt  that  man  occupied  Devonshire  before  the 
extinction  of  the  cave  mammals. 

Under  the  feeling  that  the  statements  made  by  MacEnery  and 
his  followers  respecting  Kent's  Hole  were  perhaps,  after  all,  to 
be  accepted  as  verities,  the  British  Association,  in  1864,  ap- 
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pointed  a  oommittee  to  make  a  complete,  systematic,  and 
accurate  exploration  of  the  cavern,  in  wnich  it  was  known  that 
very  extensive  portions  remained  entirely  intact  This  com- 
mittee commenced  its  labors  on  March  28,  1865 ;  it  has  been 
reappointed,  year  after  year,  with  sufficient  grants  of  money,  up 
to  the  present  time;  the  work  has  gone  on  continuously 
throughout  the  entire  thirteen  years;  and  the  result  has  been, 
not  only  a  complete  confirmation  of  Mr.  MacEnery's  statements, 
but  the  discovery  of  far  older  deposits  than  he  suspected — 
deposits  implying  great  changes  of,  at  least,  local  geographical 
conditions ;  cnanges  in  the  fauna  of  the  district ;  and  yielding 
evidence  of  men  more  ancient  and  far  ruder  than  even  those 
who  made  the  oldest  flint  tools  found  in  Kent's  Hole  prior  to 
the  appointment  of  the  committea 

The  cavern  consists  of  a  series  of  chambers  and  passages, 
which  resolve  themselves  into  two  main  divisions^  extending 
from  nearly  north  to  south  in  parallel  lines,  but  passing  into 
each  other  near  their  extremities,  and  throwing  on  branches, 
occasionally  of  considerable  size. 

The  successive  deposits,  in  descending  order,  were : — 

1st,  or  uppermost  Fragments  and  blocks  of  limestone  from 
an  ounce  to  upwards  of  100  tons  weight  each,  which  had  fallen 
from  the  roof  fix)m  time  to  time,  and  were,  in  some  instances, 
cemented  with  carbonate  of  lime. 

2d.  Beneath  and  between  these  blocks  lay  a  dark-colored 
mud  or  mould,  consisting  largely  of  decayed  leaves  and  other 
v^etable  ixiatter.  It  was  from  three  to  twelve  inches  thick, 
and  known  as  the  black  mould.  This  occupied  the  entire  eastern 
division,  with  the  exception  of  a  small  chamber  in  its  south- 
western end  only,  but  was  not  found  in  the  other,  the  remoter, 
parts  of  the  cavern, 

8d.  Under  this  was  a  stalagmitic  floor,  commonly  of  granular 
texture,  and  frequently  laminated,  from  less  than  an  inch  to 
fully  five  feet  in  thickness,  and  termed  the  granular  stalagmiU. 

4th.  An  almost  black  layer,  about  four  inches  thick,  com- 
posed mainly  of  small  fragments  of  charred  wood,  and  distin- 
guished as  the  black  band^  occupied  an  area  of  about  100  square 
feet,  immediately  under  the  granular  stalagmite,  and,  at  tJhe 
nearest  point,  not  more  than  twenty-two  feet  from  one  of  the 
entrances  to  the  cavern.  Nothing  of  the  kind  has  oocuired 
elsewhera 

6th.  Immediately  under  the  granular  stalagmite  and  the 
black  band  lay  a  li^d^t  red  clay,  containing  usually  about  fifty 
per  cent  of  small  angular  fragments  of  limestone,  and  somewhat 
numerous  blocks  of  the  same  rock  as  large  as  those  lying  on 
the  black  mould.  In  this  deposit,  known  as  the  cave-earth, 
many  of  the  stones  and  bones  were,  at  all  depths,  invested  with 
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thin  stalagmitic  films.  The  cave-earth  was  of  unknown  depth 
near  the  entrances,  where  its  base  had  never  been  reached ;  out 
in  the  remoter  parts  of  the  cavern  it  did  not  usually  exceed  a 
foot,  and  in  a  few  localities  it  "thinned  out"  entirely. 

6th.  Beneath  the  cave-earth  there  was  usually  found  a  floor 
of  stalagmite  having  a  crystalline  texture,  and  termed  on  that 
account  the  crystaUine  stalagmite.  It  was  commonly  thicker 
than  the  granalar  floor,  and  in  one  instance  but  little  short  of 
twelve  feet 

7th.  Below  the  whole  occurred,  so  far  as  is  at  present  known, 
the  oldest  of  the  cavern  deposits.  It  was  composed  of  sub- 
angular  and  rounded  pieces  of  dark-red  grit,  embedded  in  a 
sandy  paste  of  the  same  color.  Small  angular  fragments  of 
limestone,  and  investing  films  of  stalagmite,  both  prevalent  in 
the  cave-earth,  were  extremely  rare.  Large  blocks  of  lime- 
stone were  occasionally  met  with ;  and  the  deposit,  to  which 
the  name  of  breccia  was  given,  was  of  a  depth  exceeding  that  to 
which  the  exploration  has  yet  been  carried. 

Except  in  a  very  few  small  branches,  the  bottom  of  the 
cavern  nas  nowhere  been  reached.  In  the  cases  in  which  there 
was  no  cave-earth,  the  granular  stalagmite  rested  immediately 
on  the  crystalline ;  and  where  the  crystalline  stalagmite  was  not 

E resent  the  cave-earth  and  breccia  were  in  direct  contact, 
^rge  isolated  masses  of  the  crystalline  stalagmite,  as  well  as 
concreted  lumps  of  the  breccia,  were  occasionally  met  with  in 
the  cave-earth,  thus  showing  that  the  older  deposits  had,  in  por- 
tions of  the  caveni,  been  partially  broken  up,  dislodged,  and 
re-deposited.  No  instance  was  met  with  of  the  incorporation 
in  a  lower  bed  of  fragments  derived  from  an  upper  one.  In 
short  wherever  all  the  deposits  were  found  in  one  and  the  same 
vertical  section,  the  order  of  superposition  was  clear  and  invari- 
able ;  and  elsewhere  the  succession,  though  defective,  was  never 
transgressed. 

Excepting  the  overlying  blocks  of  limestone,  of  course,  all 
the  deposits  contained  remains  of  animals,  which,  however, 
were  not  abundant  in  the  stalagmites. 

The  black  mould,  the  uppermost  bed,  yielded  teeth  and 
bones  of  man,  dog,  fox,  badger,  brown  bear.  Bos  lojigifrons,  roe- 


deer,  sheep,  goat,  pig,  hare,  rabbit  and  seal — species  still  exist- 
ing, and  almost  all  of  them  in  Devonshira  This  has  been 
called  the  Ovine  bed,  the  remains  of  sheep  being  restricted  to  it 
In  it  were  also  found  numerous  flint  flakes  and  "  strike-lights," 
stone  spindle- whorls,  fragments  of  curvilineal  pieces  of  slate, 
amber  beads,  bone  tools,  including  awls,  chisels  and  combs ; 
bronze  articles,  such  as  rin^,  a  flbuTa,  a  spoon,  a  spear-head,  a 
socketed  cdt,  and  a  pin ;  pieces  of  smelted  copper,  and  a  great 
Am.  Jouk.  Sci.— THiaD  Sbbim,  Vol.  XTV,  No.  SSpMKtt.,  1877. 
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number  and  variety  of    potsherds,  inclading    fragments  of 
Samian  ware. 

The  granular  stalagmite,  black  band,  and  cave-earth,  taken 
together  as  belonging  to  one  and  the  same  biological  period, 
may  be  termed  the  nycmine  beds,  the  cave  hysBna  being  tbeir 
most  prevalent  species,  and  found  in  them  dona  So  far  as 
they  nave  been  identified,  the  remains  belong  to  the  cave 
hysena,  Equus  caballus,  Rhinoceros  tichorhinus^  gigantic  Irish 
deer,  BosprimigeniiiSj  Bison  prisons^  red  deer,  mammoth,  badger, 
cave  bear,  grizzly  bear,  brown  bear,  cave  lion,  wolf,  fox,  rein- 
deer, beaver,  glutton,  Machairodus  latidens^  and  man — the  last 
being  a  part  of  a  jaw  with  teeth,  in  the  granular  stalagmite. 
In  the  same  beds  were  found  unpolished  ovate  and  binceolate 
implements  made  from^^oA^,  notnodiUeSj  of  flint  and  chert;  flint 
flakes,  chips,  and  "  cores ;"  "  whetstones,"  a  "  hammer-stone," 
"dead"  shells  of  Pecten^  bits  of  charcoal,  and  bone  tools,  includ- 
ing a  needle  or  bodkin  having  a  well-formed  eye,  ftpin*  an  aw], 
three  harpoons,  and  a  perforated  tooth  of  badger.  The  artificial 
objects,  of  both  bone  and  stone,  were  found  at  all  depths  in 
each  of  the  hysenine  beds,  but  were  much  more  numerous 
below  the  stalagmite  than  in  it 

The  relics  found  in  the  crystalline  stalagmite  and  the  breccia, 
in  some  places  extremely  abundant,  were  almost  exclusively 
those  of  bear,  the  only  exceptions  being  a  very  few  remains  of 
cave  line  and  fox.  Hence  these  have  been  termed  the  Ursine 
beds.  It  will  be  remembered  that  teeth  and  bones  of  bear  were 
also  met  with  in  both  the  hysenine  and  the  ovine  beds ;  and  it 
should  be  understood  that  this  biological  classification  is  in- 
tended to  apply  to  Kent's  Cavern  only.  The  ursine  deposits, 
or  rather  the  oreccia,  the  lowest  of  them,  also  yielded  evidences 
of  human  existence;  but  they  were  exclusively  tools  made 
from  nodules,  not  flakes^  of  flint  and  chert. 

Ansty's'Oove  Cavern, — About  three  furlongs  from  Kent's  Hole 
toward  N.N.E.,  near  the  top  of  the  lofty  cliffy  forming  the 
northern  boundary  of  the  beautiful  Ansty's  Cove,  Torquay, 
there  is  a  cavern  where,  simultaneously  with  those  in  Kent's 
Cavern,  Mr.  MacEnery  conducted  some  researches,  of  which  he 
has  left  a  brief  account  (see  Trans.  Devon.  Assoc.,  vi,  pp. 
61-69).  I  have  visited  it  several  times,  but  it  seems  to  be 
frequently  kept  under  lock  and  key,  as  a  tool  and  powder- 
house,  by  the  workmen  in  a  neighboring  quarry.  It  is  a  simple 
gallery,  and,  according  to  Mr.  MacEnery,  sixty-three  feet  lone, 
from  three  to  nine  feet  high,  and  from  three  to  six  feet  broad 
Beneath  some  angular  stones  he  found  a  stalagmitic  floor  four- 
teen inches  thick,  and  in  the  deposit  below  remains  of  deer, 
horse,  bear,  fox,  hy»na  (?),  coprolites,  a  few  marine  and  land 
shells,  one  white  flmt  tool  witn  fragments  of  others,  a  Boman 
coin,  and  potsherds. 
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In  a  letter  to  Sir  W.  C.  Trevelyan,  dated  December  16th, 
1825,  Dr.  Buckland  states  that  Mr.  MacEnery  had  found  in 
this  cave  "  bones  of  all  sorts  of  beasts,  and  also  flint  knives  and 
Eoman  coins;  in  short,  an  open-mouthed  cave,  which  has  been 
inhabited  by  animals  of  all  kinds,  quadruped  and  biped,  in  all 
successive  generations,  and  who  have  all  deposited  their  exuviae 
one  upon  another"  (ibid.,  p.  69). 

Yealm-Bridge  Cavern. — About  the  year  1832  the  workmen 
broke  into  a  bone-cavern  in  Yealm-Bridge  Quarry,  about  one 
mile  from  the  village  of  Yealmpton,  and  eight  miles  KS.E. 
from  Plymouth  ;  and  through  their  operations  it  was  so  nearly 
destroyed  that  but  a  small  arm  of  it  remained  in  1885,  when  it 
was  visited  by  Mr.  J.  C.  Bellamy,  who  at  once  wrote  an  account 
of  it,  from  which  it  appears  that,  so  far  as  he  could  learn,  the 
cavern  was  about  thirty  feet  below  the  original  limestone  sur- 
face, and  was  filled  t)  from  one  foot  to  six  feet  of  the  roof  (see 
"  Nat  Hist  S.  Devon.,"  1889,  pp.  86-105).  In  the  same  year, 
but  subsequently,  it  was  examined  hj  Capt  (afterwards  Col.) 
Mudge,  who  states  that  there  were  originally  thre^  openings  into 
the  cave,  each  about  twelve  feet  above  the  river  Yealm ;  that 
the  deposits  were,  in  descending  order: — 

1.  Loam  with  bones  and  stones 3*5  feet. 

2.  Stiff  whitish  clay 26     " 

8.  Sand 6-0    " 

4.  Red  clay 3-6     " 

5.  Argillaceous  sand 6  to  1 8*0    " 

and  that,  where  they  did  not  reach  the  roof,  the  deposits  were 
covered  with  stalagmite. 

On  the  authority  of  Mr.  Clift  and  Prof.  Owen,  Capt  Mudge 
mentions  relics  of  elephant,  rhinoceros,  horse,  ox,  sheep,  hyaena, 
dog,  wolf,  fox,  bear,  hare  and  water-vole.  The  bones,  and 
especially  the  teeth,  of  the  hyaena  exceeded  in  number  those  of 
all  the  other  animals,  though  remains  of  horse  and  ox  were 
very  abundant  Mr.  Bellamy,  whilst  also  mentioning  all  the 
foregoing  forms,  with  the  exception  of  dog  only,  adds  deer,  pig, 
glutton,  weasel  and  mouse.  He  also  speaks  of  the  abundance 
of  bones  and  teeth  of  hyaena,  but  seems  to  regard  the  fox  as 
being  almost  as  fully  represented ;  and  next  in  order  he  places 
horse,  deer,  sheep,  and  rabbit  or  hare ;  whilst  the  relics  of  ele- 
phant, wolf,  bear,  pig  and  glutton  are  spoken  of  as  very  rare. 
The  bones,  he  says,  were  found  in  the  uppermost  bed  only. 
They  were  frequently  mere  fragments  and  splinters,  some  being 
undoubtedly  gnawed,  and  all  had  become  very  adherent  through 
loss  of  their  animal  matter.  Those  of  cylindrical  form  were 
without  their  extremities ;  there  was  no  approach  to  anatomical 
juxtaposition;  and  the  remains  belonged  to  individuals  of  all 
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ages.  Eeliquiae  of  carnivorous  animals  gfeatly  exceeded  those 
of  the  herbivora,  and  teeth  were  very  abundant  Coprolites 
occurred  at  some  depth  below  the  stalagmite,  in  the  upper  bed, 
which  also  containea  granitic  and  trappean  pebbles,  and  lumps 
of  breccia  made  up  of  fragments  of  rock,  bones,  pebbles,  and 
stalagmite.  The  bones  found  prior  to  1835  had  been  removed 
as  rubbish,  and  some  good  specimens  were  recovered  from 
materials  employed  in  making  a  pathway.  Nothing  indicating 
thepresence  of  man  appears  to  have  been  found. 

Tne  Ash'Hole. — On  the  southern  shore  of  Torbay,  midway 
between  the  town  of  Brixham  and  Berry  Head,  and  about  half 
a  mile  from  each,  there  is  a  cavern  known  as  the  Ash-Hole,  It 
was  partially  explored,  probably  about,  or  soon  after,  the  time 
Mr.  MacEnery  was  engaged  in  Kent's  Hole,  by  the  late  Bev. 
H.  R  Lyte,  who,  unfortunately,  does  not  appear  to  have  left 
any  account  of  the  results.  The  earliest  mention  of  this  cavern 
I  have  been  able  to  find  is  a  very  brief  one  in  Bellamy's 
"  Natural  History  of  South  Devon,"  published  in  1889  (p.  14> 
During  the  Plymouth  Meeting  in  1841,  Mr.  George  Bartlett,  a 
native  of  Brixham,  who  assisted  Mr.  Lyte,  described  to  this 
Section  the  objects  of  interest  the  Ash-Hole  had  yielded  (see 
Eeport  Brit.  Assoc.  1861,  Trana  Sections,  p.  61).  So  &r  as 
was  then  known  the  cave  was  thirty  yards  long  and  six  yards 
broad.  Below  a  recent  accumulation,  four  feet  deep,  of  loam 
and  earth,  with  land  and  marine  shells,  bones  of  the  domestic 
fowl  and  of  man,  pottery,  and  various  implements,  lay  a  true 
cave-earth,  abounding  in  the  remains  of  elephant  Prol  Owen. 
who  identified,  from  this  lower  bed,  relics  of  badcer,  polecat^ 
stoat,  water-vole,  rabbit  and  reindeer,  remarks,  that  for  the 
first  good  evidence  of  the  reindeer  in  this  island  he  had  been 
indebted  to  Mr.  Bartlett,  who  stated  that  the  remains  were 
found  in  this  cavern  (see  "  Brit  Foss.  Mam."  1846,  pp.  109-110, 
118-114,  116,  204,  212,  479-480).  I  have  made  numerous 
visits  to  the  spot,  which,  when  Mr.  Lyte  began  his  diggings, 
must  have  been  a  shaft-like  fissure,  accessible  from  the  top  only. 
A  lateral  opening,  however,  has  been  cjuarried  into  it :  tnere  is 
a  narrow  tunnel  extending  westward,  m  which  the  deposit  is 
covered  with  a  thick  sheet  of  stalagmite,  and  where  one  is 
tempted  to  believe  that  a  few  weeks'  labor  might  be  well 
invested. 

(To  be  continued.) 


Digitized  by  VjOOQ  IC 


Chemistry  and  Physics.  809 

SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

\.  On  a  modiJicaHon  of  Dumas^s  Vapor-defisity  method. — 
Habbbbiann  has  suggested  a  modification  in  the  method  proposed 
by  Dumas  for  estimating  vapor-densities,  which  consists  in  apply- 
ing to  this  method  the  improvement  in  Gay  Lussac's  method  sug- 
gested by  Hofinann,  of  making  the  experiment  under  reduced 
pressure.  For  this  purpose  the  neck  of  the  balloon,  which  is  made 
thick  at  the  end,  is  connected,  first  with  a  double-bulb  tube  which 
serves  as  a  receiver,  and  then  through  this  with  a  Bunsen  pump 
furnished  with  a  manometer  to  indicate  the  residual  tension. 
After  the  substance — about  one  gram — is  introduced  into  the  bal- 
loon, and  this  is  lowered  into  the  bath  and  connected  to  the  pump, 
an  exhaustion  of  500  or  600  millimeters  is  effected,  the  cock  to 
the  pump  is  closed  and  the  heating  is  proceeded  with,  a  tempera- 
ture higher  than  that  at  which  the  substance  boils,  never  being 
required.  After  this  point  has  been  for  a  short  time  reached,  the 
exhaustion  is  returned  to  its  former  point,  the  neck  of  the  balloon 
is  sealed  by  the  blowpipe,  and  the  thermometer,  barometer  and 
manometer  read.  The  calculation  is  made  as  usual,  only  using 
instead  of  the  barometric  height  at  the  time  of  sealing,  the  differ- 
ence between  this  and  that  of  the  manometer,  in  the  calculation 
for  the  reduction  of  volume. — Liebig^s  A7m.y  clxxxvii,  341,  June, 
1877.  G.  F.  B. 

2.  On  the  auction  of  PhospJioric  cJdoride  on  Tungstic  oxide, — 
Tbclu  has  proved  that  the  sole  products  of  the  action  of  tungstic 
oxide  upon  phosphoric  chloride  are  phosphoryl  chloride  and  tung- 
stic chloride  (tungsten  hexachloride).  Equivalent  weights — three 
molecules  PCl^  and  one  of  WO, — of  the  pure  substances  were 
sealed  in  glass  tubes,  well  shaken,  and  heated  in  a  paraffin  bath  to 
200®  C,  for  six  or  eight  hours.  On  cooling,  bnlliant  metallic 
steel-blue  crystals  appeared  in  the  tubes,  which  swelled  up  in  the 
air  by  attracting  moisture  and  were  rapidly  decomposed.  They 
were  slightlv  soluble  in  absolute  alcohol,  more  so  in  ether,  and 
easily  soluble  in  carbon  disulphide.  The  contents  of  a  tube  was 
submitted  to  distillation,  and  the  distillate  proved  to  be  phos- 
phoryl chloride.  The  residue  was  heated  to  120°  and  a  cur- 
rent of  dry  carbon  dioxide  gas  was  passed  over  it.  The  last 
traces  of  rO  CI3  were  thus  removed  and  the  crystals  obtained 
pure.  For  quantitative  analysis,  a  weighed  quantity  was  heated 
to  100**  in  a  sealed  tube  with  water  and  nitric  acid,  and  the  chlo- 
rine determined  as  usual.  The  result  showed  the  crystals  to  be 
tungsten  hexachloride.  By  slow  cooling  of  the  phosphoryl  chlo- 
ride solution,  in  the  tubes  where  they  are  formed,  the  crystals  may 
be  obtained  of  considerable  size.  1  he  crystals  are  isometric,  and 
fuse  at  189**.  The  reaction  is  given  by  the  equation: — WOg-f- 
(PCl  j3=WCle+(POCl3)3.— ii'e**^'«  Ann.,  clxxxvii,  256,  June, 

1877.  G.  F.  B. 
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3.  On  the  production  of  Tartronic  from  Pyruvic  acid. — Gri- 
MAUX,  in  attempting  to  replace  the  two  atoms  of  bromine  in 
dibrom-pyruvic  acid,  by  one  of  oxygen,  by  acting  apon  the  acid 
by  barium  hydrate,  has  produced  not  CjH^O^,  the  acid  wished, 
but  CgH^Oj,  tartronic  acid.  The  dibrom-pyruvic  acid  was  dis- 
solved in  two  or  three  times  its  weight  of  water,  and  bariam 
hydrate  gradually  added,  the  temperature  being  kept  at  30**  to 
40*^.  A  white  precipitate  soon  formed,  which,  decomposed  by  sul- 
phuric acid,  yielded  a  crystallized  acid,  very  soluble  m  water  and 
alcohol,  fusing  about  142®,  and  yielding  the  above  formula  on 
analysis.  The  author  thinks  that  the  mesoxalic  aldehyde-acid 
CHO— CO-COOHisfirst  formed,  but  that  this  body  beinff  at 
the  same  time  an  aldehyde  and  an  acetone,  is  oxidized  on  its  alde- 
hydic  side  and  reduced  on  its  acetonic.  Hence  it  is  hydrated  and 
gives  COOH -CHOH-.COOH,  which  is  tartronic  acid.     The  reac- 

CHBr,  COOH 

tion  is  CO       -f  (H,0)2=(!:H0H+(HBr)„ 

dooH  (iooH 

analogous  to  the  transformation  of  dichloracetone  into  lactic  acid. 
--Bull.  Soc.  Ch.,  n,  xxvii,  440,  May,  1877.  g.  f.  b. 

4.  On  a  Hexyl  Chloral. — ^Pinnkr  has  subjected  to  a  more  care- 
ful examination  an  oily  body  of  hiffh  boiling  point,  first  observed 
by  him  nearly  two  years  ago  in  the  distillation  of  crude  butyl 
chloral  From  a  kilogram  of  this  oil  from  the  factory  of  Sobering, 
he  has  prepared  half  a  pound  of  the  oil  boiling  between  212**  and 
220°,  the  rest  being  butyl  chloral  Further  fnictioning  gave  him 
a  portion  boiling  at  212 — 214**,  which  gave  on  analysis  the  form- 
ula CjHjCljO.  It  does  not  unite  with  water  to  form  a  hydrate 
and  is  decomposed  by  strong  bases  into  a  formate  and  chloride  of 
the  base  and  into  C^HgCL.  It  is  oxidized  by  nitric  acid  and 
yields  trichlorcapronic  acid,  C^HgCljO,.  Reducing  agents,  such 
as  zinc  powder,  reduce  this  acid  to  hexylenic  acid  CgH,^0,, 
which  crystallizes  from  ether  in  brilliant  white  needles,  fuses  at 
39°,  is  almost  insoluble  in  water,  and  does  not  appear  to  be  iden- 
tical with  any  of  the  three  known  acids  having  the  same  empiri- 
cal formula. — Ber,  Berl.  Chem,  Qes.y  x,  1052,  June,  1877. 

G.    F.    B. 

5.  On  the  Conversion  of  Aurin  into  Itoeaniline, — Dalb  and 
ScHORLEMMEB  havc  discovcrcd  that  red  aurin  or  peonin,  heated 
for  several  days  to  150°  with  alcoholic,  or  to  200*  with  aqueous 
ammonia,  loses  its  red  color  and  gives  a  yellow  solution,  which 
contains  a  colorless  crystalline  base  possessing  all  the  properties 
of  rosaniline,  giving  the  well-known  magnificent  red  color  with 
acetic  acid  and  a  dark  yellow  solution  with  hydrochloric  acid, 
which  becomes  red  on  dilution  and  gives  a  spectrum  identical 
with  that  of  rosaniline  hydrochlorate.  Conversion  into  Hof- 
mann's  violet,  aniline  green  and  aniline  blue  still  farther  confirmed 
this  identity.  The  reaction  is  given  as  follows: — CJg^jHj403-|- 
(NH3)3=CjoH,7N,+(HgO)3.    The  authors  regard  aurin  and 
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rosolic  acid  as  identical. — £er,  BerL   Chem.  Oes,^  x,  1062,  June, 
1871  G.  p.  B. 

6.  On  ffematin, — Cazenbuyb  has  prepared  hematin  and  exam- 
ined its  properties.  For  its  preparation,  defibrinated  blood  was 
treated  with  twice  its  volume  of  commercial  ether,  allowed  to 
stand  twenty-four  hours,  the  ether  decanted  from  the  clot,  and 
this  clot  exhausted  by  the  ether  containing  now  two  per  cent  of 
oxalic  acid.  The  etherial  solution,  colored  a  brownish-red  by  the 
hematin,  was  exactl^r  saturated  b^  ether  charged  with  ammonia 
gas,  and  the  precipitated  hematin  was  collected,  washed  with 
water,  alcohol  and  ether  and  then  dried.  The  product  is  pure 
hematin.  In  presence  of  alcohol  and  ether,  it  combines  readily 
with  hydrochloric,  hydrobromic,  and  hydriodic  acids,  giving  crys- 
tallized compounds.  On  analysis,  it  afforded  64*18  per  cent  of 
carbon,  5*67  hydrogen,  9'08  nitrogen,  8*74  iron  and  12*88  of  oxy- 
gen, corresponding  to  the  formula  C^gH^oNg Fcj O j ^ .  Though  it 
combines  with  alkalies,  it  yields  no  crystalline  products.  Its 
ammonia  compound  is  stable  at  100^  With  lead,  zinc,  and  alu- 
minum hydrates,  it  gives  greenish  lakes.  It  does  not  disengage 
ammonia,  when  boiled  with  a  concentrated  solution  of  potash  m 
alcohol  for  hours.  Heated  to  160^  for  two  hours  in  a  sealed  tube 
with  concentrated  hydrochloric  acid,  the  solution  becomes  remark- 
ably dichroic;  and  the  hematin  splits  into  two  substances  (A) 
and  (B).  The  first  is  obtained  pure  by  the  dialysis  of  the  solu- 
tion till  it  is  no  longer  acid.  It  exists  as  suspended  flocks,  the 
liquid  being  precipitated  completely  by  a  single  drop  of  ammonia, 
yielding  a  gelatinous  mass  containing  87*62  per  cent  of  iron.  Its 
Spectrum  is  peculiar ;  in  acid  solutions,  it  consists  of  two  strong 
absorption  bands  in  the  yellow  and  yellow-green,  in  alkaline  solu- 
tions, it  gives  four  bands,  one  in  the  red,  one  in  the  yellow-green, 
one  in  the  blue  and  one  in  the  violet.  The  other  substance  (B)  is 
the  part  insoluble  in  hydrochloric  acid.  On  washing  it,  dissolv- 
ing it  in  soda  and  precipitating  by  acetic  acid,  it  is  purified.  It 
contains  only  2*08  per  cent  of  iron,  and  its  solution  in  acid  alcohol 
gives  a  one-banded  spectrum,  in  alkalies,  a  four-banded  one. — 
Mull.  aSoc.  Ch.y  II,  xxvii,  486,  June,  1877.  g.  f.  b. 

7.  On  the  Nature  of  what  is  commonly  termed  a  "  Vacuum  /" 
by  G.  Johnstone  Stoney,  Queen's  University,  Dublin,  August 
19,  1877. — ^The  readers  of  Mr.  Preston's  paper  in  the  August 
number  of  the  Philosophical  Magazine,  "  On  the  Nature  of  what 
is  commonly  termed  a  ^  Vacuum,'  "  might  perhaps  suppose  with 
him  that  the  subject  is  one  which  had  not  been  previously  noticed, 
and  conclude  that  we  are  as  yet  without  an  explanation  of 
"Crookes's  force,"  in  which  the  vast  multitude  of  the  gaseous 
molecules  that  are  present  has  been  taken  into  account. 

The  subject  is  one  which  cannot,  I  should  think,  have  been  over- 
looked by  any  real  student  of  the  molecular  theory  of  gases ;  and 
in  particular  your  readers  will  find  it  thus  treated  in  a  paper  that 
I  presented  ten  years  ago  to  the  Royal  Society  (see  Jrhil.  Mag. 
[IV],  voL  xxxvi,  p.  141) : — "  It  is  therefore  probable  that  there  are 
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Dot  f^wer  than  something  like  a  nnit-ei^hteen  of  molecules"  [L  e. 
1,000000,000000,000000]  "in  each  cubic  millimeter  of  a  gas  at 
ordinary  temperatures  and  pressures.  Hence  we  may  see  how 
entirely  remote  from  a  state  of  emptiness  that  which  usually 
passes  under  the  name  of  a  vacuum-chamber  really  i&  If  there  lie 
a  unit-eighteen  of  molecules  in  every  cubic  millimeter  of  the  air 
about  us,  there  will  remain  a  unit-fifteen"  [i  e.  a  thousand  millions 
of  millions]  "  in  every  cubic  millimeter  of  the  best  vacuums  of  our 
ordinary  air-pumps.  The  molecules  are  still  closely  packed,  within 
about  an  eignth-meter  of  one  another ;  i.  e.  there  are  about  sixty 
of  them  in  a  wave-length  of  orange  light."  And  in  two  papers 
published  in  last  year's  Philosophical  Magazine  [V],  voL  i,  pp. 
177  and  305, 1  offered  an  explanation  of  the  mechanical  stresses 
within  Crookes's  radiometers  based  upK)n  this  very  consideration : 
see  in  particular  page  178,  where  the  following  words  occur: — ^"I 
cannot  refrain  from  observing  here  how  entirely  remote  such  a 
chamber"  [viz.  a  Sprengel  vacuum  indicated  by  one-tenth  of  a 
millimeter  of  mercury]  "  is  from  being  empty.  It  follows  from 
what  we  know  of  the  number  of  molecules  in  gases  at  ordinarv 
pressures,  that  the  number  remaining  in  this  so-called  vacuum  wiU 
be  somewhere  about  a  unit-fourteen,  I  e.  one  hundred  millioDS  of 
millions,  in  every  cubic  millimeter."  After  which  I  quote,  in 
proof  of  this  assertion,  the  determinations  of  the  mean  interval  at 
which  the  molecules  of  gases  are  spaced,  by  Professor  Loschmidt 
in  1866,  by  myself  in  1867,  and  by  Sir  William  Thomson  in  1H70. 

It  is  plain,  however,  that  Mr.  Preston  has  done  good  service  by 
recalling  attention  to  the  immense  number  of  the  molecules,  and 
the  consequent  shortness  of  the  excursions  of  each  molecule 
between  its  successive  encounters  with  other  molecules ;  since  the 
subject  was  new  to  himself^  and  had  been  overlooked  by  some  of 
the  writers  upon  Crookes's  radiometer. — PAtY.  Jfa^.,  Sept.  1877, 
p.  222. 

8.  Note  on  the  Telephone ;  by  Paget  Higos. — In  the  present 
agitation  concerning  speaking  or  telephonic  telegraphs,  the  follow- 
ing extract  from  M.  Le  Corate  du  MoncePs  "  Expos^  des  Applica- 
tions de  I'Electricite,"  edition  of  the  year  1857,  vol.  iii,  p.l  10,  may 
be  interesting  as  pointing  out  how  nearly  the  idea  has  been  fore- 
stalled. 

*'  I%e  Electric  Tranemiseion  of  Speech. — ^I  did  not  wish  to  bring 
forward  in  the  chapter  of  the  electric  telegraph  a  fantastic  concep- 
tion of  a  certain  M.  Ch.  B ,  who  believes  that  it  will  be  possible 

to  transmit  speech  electrically,  because  it  might  have  been  asked 
why  I  had  classed  among  so  many  remarkable  inventions  an  idea 
that,  presented  by  the  author  as  it  is,  is  not  more  than  a  dream. 
However,  to  be  faithful  to  the  r6le  that  I  have  imposed  upon  my- 
self of  speaking  of  all  the  applications  of  electricity  tlutt  have 
become  known  to  me,  I  wish  to  quote  here  the  information  which 
the  author  has  published  on  this  subject. 

*  After  the  marvelous  telegraphs  which  are  able  to  reproduce  at 
a  distance  writing  of  this  or  that  individual,  and  designs  more  or 
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less  complicated,  it  seemed  impoBsible,  said  M.  B ,  to  advance 

further  in  the  region  of  the  marvellous.  Nevertheless,  essaying 
to  do  something  more,  I  asked,  for  example,  if  speech  itself  would 
not  be  capable  of  transmission  by  electricity ;  in  a  word,  if  one 
would  not  be  able  to  speak  at  Vienna  and  be  heard  at  Paris.  The 
thin^  is  practicable.  This  is  how :  Sounds,  it  is  known,  are  formed 
by  vibrations  and  cai*ried  to  the  ear  by  these  same  vibrations, 
which  are  reproduced  by  the  intermediate  media. 

*'  But  the  intensity  of  these  vibrations  diminishes  very  rapidly 
with  the  distance,  from  which  it  follows,  even  in  the  employment 
of  speaking  trumpets,  tubes,  apd  of  acoustical  horns,  the  limits 
which  cannot  be  surpassed  are  very  restricted.  Imagine  that  one 
speaks  near  a  mobile  platey  flexible  enough  not  to  lose  any  of  the 
vibrations  produced  by  the  voioe^  that  this  pkUe  establishes  and 
interrupts  successively  the  communication  with  a  battery.  You 
foould  be  able  to  have  at  a  distance  another  phUe  which  would  exe* 
cute  at  the  same  time  the  same  vibration. 

^  It  is  true  that  the  intensity  of  the  sounds  produced  would  be 
variable  at  the  point  o/depctrture  where  the  plate  is  vibrated  by  the 
voicBy  and  constant  at  the  point  of  arrival  where  it  is  vibrated  by 
electricity.  But  it  is  demonstrable  that  this  would  not  alter  the 
sounds. 

^  It  is  evident  from  the  first  that  the  sounds  would  reproduce 
themselves  with  the  same  pitch  in  the  scale.  The  actual  condition 
of  i^coustical  science  does  not  permit  of  saying,  dprioriy  whether 
the  same  conditions  would  hold  good  for  all  syllables  articulated 
by  the  human  voice.  The  manner  in  which  these  syllables  are 
produced  is  not  yet  sufficiently  well  known. 

'In  any  case  it  is  impossible  to  demonstrate,  in  the  present 
state  of  science,  that  the  electric  transmission  of  sounds  is  impossi- 
ble. Every  probability,  on  the  contrary,  is  for  the  possibility. 
An  electric  battery,  two  vibrating  plates,  and  a  metallic  wire  will 
suffice. 

'  It  is  certain  that,  at  a  time  more  or  less  distant,  speech  will  be 
transmitted  to  a  distance  by  electricity.  I  have  commenced  some 
experiments  to  that  effect,  they  are  delicate  and  require  time  and 
patience.  But  the  approximations  obtained  point  toward  a  favor- 
able result.'  " — Nature^  of  Aug.  80. 

IL  Geology  and  Mineralogy. 

I.  Archoean  of  Canada.  (Letter  from  Mr.  Henby  G.  Vennob, 
of  the  Geological  Survey  of  Canada,  to  J.  D.  Dana,  dated  Buck- 
ingham, July  loth,  1877.) — I  take  the  liberty  of  addressing  this 
letter  to  you,  on  a  subject  in  which  I  have  for  some  years  been 
particularly  interested,  viz:  the  stratigraphical  position  of  the 
economic  minerals  in  what  we  have  hitherto  called  the  Lower 
Laurentian  system  of  rocks. 
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I  may  briefly  give  you  the  results  arrived  at,  after  now  some 
ten  yeaW  work  m  Eastern  Ontario  and  the  adjoining  portion  of 
the  Province  of  Quebec,  namely,  Pontiac  and  Ottawa  counties. 
We  And  that  there  still  exists  a  great  Azoic  formation,  consisting 
of  syenite  and  gneiss  (?)  without  crystalline  limestones.  In  this 
there  are  but  little  indications  of  stratification.  Occasionally  a 
limited  surface  presents  an  approach  to  an  obscure  stratification^ 
but  this  does  not  appear  to  oe  due  to  the  deposition  of  sediment. 
This  rock  forms  the  oack-bone  of  Canada.  On  it  there  has  been 
deposited  a  great  series  of  gneisses,  schists,  slates,  crystalline 
limestones  and  dolomites,  which,  although  heretofore  grouped  with 
the  former,  is  clearly  distinct  and  unconformable.  This  sc^oond 
system  contains  aU  of  the  economics  of  any  importance ;  none 
having  been  found  in  the  old  fundamental  red  gneiss  system.  All 
of  these  economics  are  in  close  proximity  and  have  close  relation- 
ship to  each  of  the  four  or  five  great  bands  of  crystalline  lime- 
stone. 

Ef^zoon  Canadense  belongs  undoubtedly  in  the  main  to  the 
highest  band  of  crystalline  limestone  yet  found,  although  this  fos- 
sil may,  and  indeed  has  been  sparingly  found  in  some  of  the  lower 
limestones.  The  celebrated  Petite  Nation  locality  for  Sozoon^ 
has  now  been  proved  to  be  on  thb  highest  band  of  limestone,  and 
in  fact  in  the  moat  recent  portion  of  my  second  system;  the  zone  of 
limestone  in  which  this  fossil  occurs  is  especially  characterired  by 
an  abundance  of  serpentine  and  chrysotile.  It  is  further  trav- 
ersed by  veins  filled  with  baryta  and  galena,  and  these  also 
extend  up  through  the  Potsdam  and  Calciferous  formations,  but 
do  not  enter  far  into  the  crystalline  rocks,  both  minerals  rapidly 
giving  out  as  we  descend  into  these  older  rocks;  while  the  fis- 
sures themselves  narrow  to  threads  and  bifurcate.  This  fact  has 
been  proved  by  a  close  and  careful  investigation  in  Rossie,  N.  Y., 
and  Lansdowne,  Loughbon,  Bedford,  Madoc,  and  Tudor,  in  Can- 
ada. 

Immediately  beneath  the  Eozoon  limestone  the  apatite-bearing 
belt  of  rocks  come  in  with  horizons  of  both  hematitic  and  mag- 
netic iron  ores — chiefly  the  former ;  and  immediately  below  these 
again  a  great  belt  of  plumbago-bearing  rock  (extensively  wrought 
for  this  mineral  in  Buckingham  and  Lochaber,  Ottawa  county), 
an  important  volume  of  crystalline  limestone  filled  with  rust- 
colored  lumps  and  beds.  This  band  of  limestone  is  the  second  in 
descending  order.  A  short  distance  beneath  this  last  (some 
twenty  or  thirty  chains),  is  an  important  and  well-marked  horizon 
of  magnetic  iron  ore — occasionally  with  layers  of  hematite,  in 
which  occur  a  number  of  promising  mines  (e.  g.  the  Baldwyn  and 
Forsythe  mines,  Hull,  P.  (J. ;  the  Christies'  Lake  and  Silver  Lake 
mines  in  South  Sherbrooke,  Lanark  county,  Ontario,  etc.) 

On  a  still  lower  horizon  and  close  to  the  third  belt  of  limestone, 
there  is  another  iron  ore  horizon  of  coarsely  crystalline  magnetite 
with  apatite  intimately  associated,  which  has  now  been  identified 
and  followed  continuously  for  upwards  of  one  hundred  miles. 
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Lastly,  in  a  Btill  lower,  fourth  and  last  important  volume  of 
limestone,  we  find  some  large  deposits  of  hematite  iron  ore  (e.  g. 
the  Cowan  mine  in  Dalhousie  township,  Lanark  county),  but 
these  in  so  far  as  investigated,  are  superncial  depK)8its,  only  pene- 
trating some  fifty  or  eighty  feet  into  the  limestone ;  but  the  par- 
ticular layer  in  which  they  occur  may  be  followed  by  its  deep 
hematite  red  color  throughout  a  great  extent  of  country. 

The  order  then  thus  given  to  the  economic  minerals,  just  men- 
tioned, is,  in  ascending  order,  as  follows : — 1  st,  hematitic  iron  ore ; 
2d,  magnetite  and  apatite  (unimportant) ;  Sd,  magnetite  and  hema- 
tite (important) ;  4th,  plumbago  (very  extensive) ;  5th,  phosphate 
of  lime,  with  iron  ores  (an  important  and  extensively  worked  belt ; 
and  then  dth,  Eozoon  Canadense  in  abundance  with  serpentine, 
chrysotile  and  veins  of  baryta  and  galena. 

You  will  thus  observe  that  iron  ore  runs  through  the  series, 
though  most  important  in  one  horizon ;  that  plumbago  (with 
a  great  deal  of  pyrites  oobaltiferous)  is  toward  the  upper  por- 
tion ;  while  the  great  body  of  apatite-bearing  rock  is  at  the  very 
summit. 

Having  established  this  important  sequence  my  thoughts  at 
once  flew  back  to  the  discoveries  of  phosphatic  nodules  and  shells 
in  the  Lower  Silurian  rocks  at  the  Alluraettes  Rapids  (Geology  of 
Canada,  page  125),  and  in  several  places  in  the  eastern  townships 
and  elsewhere.  Is  it  not  probable  that  the  source  of  our  mineral 
apatite  is  in  the  Lower  Silurian  rocks,  whence  it  has  penetrated 
into  the  upper  portion  of  the  second  division  of  the  Lanrentian 
system  ?  Or,  may  the  Eozoon  not  have  furnished  a  considerable 
portion  of  the  supply?  Possibly  Zinguioe  may  have  abounded 
along  with  the  Eozoon,  but  if  so  their  remains  have  been  entirely 
obliterated  by  crystallization  or  other  metamorphism.  I  think 
that  the  gap  oetween  the  Lower  Silurian  and  uppermost  crystal- 
line rocks  of  the  Laurentian  is  considerably  lessened  by  the  results 
of  our  explorations,  particularly  as  we  can  show  that  the  same 
veins  which  cut  the  former,  affect  the  latter,  but  do  not  reach  the 
fundamental  Azoic  system,  to  which  I  must  now  (in  my  section) 
restrict  the  term  Lower  Lanrentian.  I  cannot  now  enlarge,  but  I 
may  simply  state  that  I  consider  both  the  Huronian  and  Upper 
Laurentian  of  Sir  W.  E.  Logan  to  belong  rightly  to  my  second 
division,  which  I  must  for  the  present  call  Upper  Laurentian. 
Should  an  Upper  Laurentian  yet  be  found  above  and  unconform- 
able to  my  series^  then  I  have  been  working  on  a  middle  series,  to 
which  the  term  Huronian  might  as  well  be  applied  as  any  other. 

I  have  found  Labradorite  rocks  clearly  interstratified  with  sev- 
eral of  my  bands  of  limestone,  and  I  fail  entirely  to  discover  Sir 
William's  upper  distinct  system — yet  I  have  been  over  the  same 
ground. 

The  Huronian  and  Hastings  series  of  rocks  I  believe  to  be  sim- 
ply an  altered  condition,  on  their  westward  extension,  of  the 
lower  portion  of  my  second  system ;  and  this  alteration  com- 
mences as  this  portion  reaches  Hastings  county,  where  you  will 
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remember  Hant,  Maofiarlane  and  others  likened  them  to  the  Haro- 
nian,  while  Sir  William  thought  they  more  resembled  some  por- 
tions of  the  Devonian. 

2.  The  Oeology  of  New  Hampshire,  C.  H.  Hitchcock,  State 
Geologist,  J.  Hi  Huntington,  Wabbbn  Upham,  and  G.  W. 
EL^WBs,  Assistants.  Part  U,  Stratigraphical  Geology.  <)84  pp. 
Royal  8yo,  with  many  maps,  plates,  and  sections.  Concord,  1877. 
— ^This  large  volume  consists  mainly  of  chapters  by  Professor 
Hitchcock.  The  geology  of  the  Cods  and  Essex  Topographical 
district  and  of  the  west  part  of  the  Merrimac  district,  and  some 
other  brief  sections  are  by  Mr.  J.  H.  Huntington. 

The  difficulties  of  the  suney  have  been  great  on  account  of  the 
extent  of  the  surface  covered  by  unbroken  forests,  and  the  dis- 
turbed  crystalline  condition  of  the  rocks.  But,  through  great 
labor,  the  distribution  of  the  several  kinds  of  metamorphic  rocks 
has  been  to  a  large  extent  made  out,  and  is  carefully  described  in 
the  Report.  Professor  Hitchcock  has  carried  forward  the  work 
with  energy  and  fidelity,  and  has  presented  not  only  his  own 
views,  but  also,  with  fairness,  as  far  as  he  has  understood  them, 
the  views  of  others.  As  to  the  conclusions  from  the  iacts  pre- 
sented in  the  volume,  Professor  Hitchcock  is  aware  that  the  writer 
differs  from  him  in  many  points ;  and  if  in  the  remarks  beyond 
some  of  these  differences  are  mentioned  it  will  be  without  the 
assumption  on  the  writer's  part  that  he  is  always  right. 

Professor  Hitchcock  refers  the  crystalline  rocks  of  New  Hamp- 
shire— taking  his  latest  conclusions  from  the  closing  pages  of  the 
volume — to  the  following  groups  in  ascending  order: — ^Lauren- 
tian;  Montalban  (inferior  to  Huronian,  and  so  named  from  the 
Latin  for  White  Mountains) ;  Lower  and  Upper  Huronian ;  above 
these.  Paleozoic  with  a  query ;  Cambrian ;  the  Cods  ^roup ;  the 
Calciferous  mica  schist ;  and  above  these,  the  Lower  Helderberg. 
Besides,  there  are  various  areas  of  eruptive  granite  recognized, 
including  those  of  the  "Conway  granite,"  "Albany  granite," 
"  Chocorua  series,"  and  others. 

The  JLaurentian  includes  a  porphyritic  eneiss,  Bethlehem 
gneiss,  Lake  Winnipiseogee  gneiss ;  tne  Monta3>an^  Concord  gran- 
ite, feldspathic  mica  sdiists,  the  associated  gneisses,  fibrolite 
schists ;  the  Upper  Huronian ^  hornblende  schist,  chlorite  schist, 
greenstones,  and  other  rocks ;  the  CodSj  stauroUte  slate,  staurolitic 
mica  schist,  quartzyte;  overlying  the  Cods,  Calciferous  mica 
schist,  in  which  obscure  crinoidal  fragments  have  been  found. 

The  age  of  these  rocks,  the  Helderber^  excluded,  has  been 
determined  by  Pro!  Hitchcock  mainly  by  lithological  characteris- 
tics— a  species  of  evidence  not  yet  proved  to  be  satisfactory.  The 
writer  is  led  by  his  observations  amon^  New  England  rocks  to 
conclude  that,  so  far  as  lithological  distinctions  go,  all  the  meta- 
morphic rocks  of  the  White  Mountains,  with  perhaps  one  or  two 
exceptions,  might  belong  to  one  of  the  ages  in  geology :  (and  that 
even  one  stratum  may,  after  metamorphism,  be,  in  its  different 
part.s,  andalusite  slate,  mica  schist,  andalusitic  mica  schist,  gneiss. 
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porphyritic  gneiBs,  granite).  As  to  what  age,  or  whether  to  one, 
or  to  more  than  one,  the  facts  thus  fiar  collected  afford  no  satis- 
factory basis,  as  the  writer  believes,  for  a  decisive  opinion. 
Further:  observations  in  different  parts  of  New  England  have 
convinced  him  that  the  granites,  supposed  by  Professor  Hitch- 
cock to  be  eruptive,  may  be  for  the  most  part,  if  not  in  all  cases, 
metamorphic ;  and  this  appears  to  be  sustained  by  the  facts,  as  to 
position  and  relation  to  tne  other  rocks,  connected  with  the  gran- 
ite of  Mt.  Willard  (one  of  the  areas  made  eruptive),  as  is  pomted 
out  beyond. 

The  account  of  the  White  Mountain  region  occupies  170  pa^es 
of  the  Report,  and  will  attract  especial  attention.  Following  this 
comes  a  chapter  on  the  geology  of  the  Connecticut  Valley,  which 
also  is  of  prominent  importance  in  connection  with  New  England 
geological  investigations. 

The  chief  facts  of  interest  in  the  valley  region  is  the  occur- 
rence at  three  places  of  limestone  oontainmg  Lower  Helderberg 
fossils — corals,  criuoids,  or  braohiopods,  associated  with  various 
metamorphic  rocks.  These  places  are  in  Littleton  and  North  Lis- 
bon, New  Hampshire,  and  m  Bemardston,  Massachusetts.  The 
limits  of  the  Helderberg  areas  are  laid  down  with  some  acknowl- 
edged doubts  as  to  whether  the  group  does  not  embrace  also  the 
**  (Jo58  group  ;'*  and  there  is  room  left  for  a  ^uery  whether  they 
should  not  include  also  what  is  called  the  '^  Lisbon  group^  (chlo* 
rite  schist,  chlorite  rocks  or  greenstones,  with  some  hydromica 
slate,  etc.),  and  the  "Lyman  group."  The  section  given  on  page 
826  of  the  Littleton  rocks  represents  a  syiiclinal  of  slate  (the 
uppermost  bed),  limestone,  and quartzy te^  with  beds  of  the  "Lis- 
bon group"  and  "  Lyman  group"  essentially  conformable  to  the 
limestone.  Plate  xv  (facing  p.  885),  contains  another  section  of 
this  region,  showing  the  same  conformability  of  the  Lyman,  Lis- 
bon, and  Helderberg  groups.  On  pa^es  829  and  881,  this  con- 
formability is  again  exhibited  in  sections,  and  also  on  plate  xm. 
Professor  Hitchcock,  however,  calls  the  Lisbon  and  Lyman  groups 
Huronian,  a  conclusion  that  is  not  suggested  by  the  above-men- 
tioned sections. 

The  relations  of  the  Helderberg  lim^tone  of  Bemardston  to 
the  associated  micaceous,  homblendic  and  other  rocks  the  writer 
has  interpreted  very  differently  from  Professor  Hitchcock,  and  he 
will  give  the  results  of  new  observations  in  another  number  of 
this  Journal 

Some  of  the  most  interesting  facts  in  the  White  Mountain 
region  are  those  observed  along  the  valley  west  of  the  Mount 
Washington  range  of  peaks.  This  valley,  at  the  Notch  and 
south  of  it  (here  trending  about  north-and-south),  has  Mount  Wil- 
lard and  Mount  Willey  on  the  west  (the  latter  two  miles  south 
of  the  former),  and  Mount  Webster  on  the  east,  opposite  Mount  Wil- 
ley. The  rocks  of  the  west  side  in  this  part  are.  going  southward, 
alight-colored  well  characterized  gramte  ^"Cfonway  Granite"), 
the  d^ief  constituent  of  Mount  Willard,  in  view  above  the  Notch ; 
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a  hard  silioeoos  granitoid  gneiss,  varying  into  true  granite,  form- 
ing the  eastern  foot  of  Mount  Willard,  to  the  east  of  the  Moant 
Willard  granite,  in  the  Notch ;  then,  continuing  southward,  but 
at  first  a  little  westward,  andalusite  slate,  meeting  the  Mount 
Willard  granite  parallel  with  its  bedding,  as  if  conformable  to  it, 
and  extending  southward  to  the  top  of  Mount  Willey ;  then,  on 
the  southeast  side  and  foot  of  Mount  Willey,  the  Mount  Willard 
granite  again,  which  becomes,  five  miles  south  of  the  Notch,  at 
the  Frankenstein  cliffy  a  dark  gray  granite  for  some  distance,  and 
then  changes  abruptly  to  syenyte.*  The  andalusite  alate  where 
it  adjoins  the  Mount  Willard  granite  is,  for  a  varying  width — 
twenty  feet  below  and  two  hundred  feet  above — an  argyllyte- 
porphyry,  it  containing  orthoclase  and  quartz,  both  of  which 
minerals  are  in  distinct  crystals  within  a  few  yards  of  the  granite. 

The  rocks  of  the  east  side  of  the  valley  are,  iust  north  of  the 
Notch,  well  characterized  meiss ;  then,  at  the  Notch  and  below 
it,  the  same  hard  granitoid  gneiss  that  occurs  on  the  west  side, 
seldom  distinct  in  dip  and  strike ;  then  farther  south,  Conway  or 
Mount  Willard  granite,  at  the  base  and  up  the  slope  of  Mount 
Webster ;  and  above  this,  far  up  the  sides  of  this  mountain,  the 
^  Montalban  schists'*  (fcldspathic  mica  schist  chiefly),  the  charao- 
terizing  rock  of  the  Mount  Washin^n  range.  The  rocks  of  the 
region  and  of  Mount  Washington  dip,  with  some  local  exceptions, 
to  the  westward. 

The  above  facts  respecting  the  rocks  are  here  cited  from  the 
Report,  as  an  introduction  to  a  point  of  very  prominent  interest — 
the  existence  in  the  valley  of  a  long  series  of  great  veins  of  coarse 
granite,  and  of  a  remarkable  range  of  ''  breccia-granite.*'  These 
veins  are  numerous  and  large  at  the  Notch ;  and  they  occur  also 
to  the  south,  on  nearly  the  same  line,  far  up  the  western  slope  of 
Mount  Webster,  where  some  of  them  are  twenty  to  thirty  feet 
wide.  The  breccia-Ki*&nite  has  the  same  general  range  with  the 
veins.  Just^low  tne  Notch,  on  its  western  side,  there  is  a  la^e 
exposure  of  n,  and  it  here  extends,  Professor  Hitchcock  observes, 
^^  1,200  feet  alohg  the  railway."  Going  southward  in  the  gorge 
or  valley,  this  br^cia-granite  appears  at  the  outlet  of  Dismal  Pool, 
and  then,  south  of  this,  in  a  din  on  the  west  side  of  Mount  Web- 
ster, at  a  height  equal  to  that  of  the  top  of  Mount  Willard,  where 
it  has  a  thickness  of  two  hundred  to  three  hundred  feet.  Its 
course,  southerly  from  the  Notch,  *^is  not  in  a  right  line,  on 
account  of  various  shiftings  of  the  rock,  not  fully  understood.** 
This  breccia-granite  is  made  up  of  large  and  small  masses  of 
chiefly  a  dark  micaceous  gneissi,  m  a  paste  of  granite,  some  of  the 
masses  a  yard  in  length. 

*  Aooording  to  the  writer's  obsenrations  at  the  place,  the  granite  beooMes  aye- 
nyte  by  a  substitaiion  of  hornblende  for  black  mica  (biotite).  The  other  ingredi- 
entB  are  preoiaelj  the  Mame— gray  feldspar  and  gray  qiuoiz,  so  that  the  two  rocks 
are  stratigraphiQ^y  one.  It  is  an  interesting  example  of  the  abrupt  transition 
between  uiese  two  rooks,  and  is  well  worthy  of  a  visit  from  those  who  are  inters 
ested  in  lithological  questions.  The  idea  that  the  two  rodcs  were  perhaps  upper 
and  lower  parts  of  one  original  stratum  or  sucoessiTe  strata  was  oonaideied,  bat 
without  finding  reason  to  sustain  it 
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Again :  a  similar  breccia-granite  occurs  one  to  two  miles  north 
of  the  Notch,  (pp.  163,  165).     Two  miles  southwest  of  CrawfordV, 
on  Cascade  Brook,  the  Mount  Willard  gran- 
ite '^contains  many  fragments  of  the  hard    !J^ %  *  \  \  v£l9^  *• 
Montalban  schists,  sometimes  from  twelve   ^Hf^)  ;^  *  '  ^^ '  • 
to  fourteen  feet  long ;  and  several  of  them    ^^KTljfc I'^li  1'^ 
seem  to  carry  andalnsite  quite  abundantly."*   ::  '  ^  tl^HK  i  *  J I  ^ 
Half  a  mile  farther  west  up  this  same  brook,   ^*  *  •^jTT^Ift '  T  '^ 
andalusite  slate  succeeds  to  the  ^mnite  (but    •  I  ^|^^^^' '  WT* 
with  an  intermediate  porphyritic  junction-   *;,  -^jp|p^*T,  *^# 
rock,  like  that  observed  in  Mount  Willard),   .  iLa^tB^^  -l'' 
and  it  continues  up  Mount  Tom.  '^^tlBp'^SIl  'JLLl 

The  writer  had  the  pleasure,  in  1875,  of  -  ''\  -  y^W^^^ 
examining  this  part  of  the  White  Mountain  1 1  -i#.jA*A^s^* 
region  with  Professor  Hitchcock,  and  adds  II '^ .*  ,Jrj^^S* 
here  a  cut  representing  a  portion,  six  feet  'l^g^^^*^^^' 
wide,  of  the  surface  of  breccia-granite,  just  ifSl^^^^^l  1 
below  the  Notch. 

The  great  number  and  large  size  of  the  granite  veins  extending 
along  tne  gorge  in  a  north-and-south  direction,  and  the  extensive 
range  of  breccia-granite  following  the  same  course,  seem  to  sus- 
tain the  opinion,  which  Professor  Hitchcock  quotes  in  his  Report 
from  the  writer,  that  the  gorge,  like  most  valleys  of  the  Appa- 
lachians, was  probably  the  course  of  a  lofty  anticlinal,  the  frac- 
tures in  which  led  to  degradation  and  so  determined  the  forma- 
tion of  the  valley.  And  if  this  conclusion  be  right,  the  Mount 
Washington  range  may  correspond  to  a  nearly  parallel  synclinal 
From  the  position  of  the  rocks  in  the  gorge  above  described,  it 
seems  prooable  that  the  hard  siliceous  granitoid  gneiss  of  the 
Notch  IS  the  central  and  lowest  rock  of  the  anticlinal ;  that  the 
Mount  Willard  (or  Conway)  granite  is  the  next  metamorphic 
stratum  on  both  the  east  ana  west  sides,  it  lying  conformably 
against  the  slate  in  Mount  Willard  and  elsewhere;  and  that  the 
andalusite  slate  on  the  west  and  the  Montalban  schists  (often  andar 
lusitic,  and  part  an  andalusitic  slate)  together  on  the  east,  consti- 
tute the  succeeding  stratum.  The  dissimilarity  in  the  eastern 
and  western  portions  of  this  last  stratum  may  be  a  consequence  of 
a  small  variation  from  east  to  west  in  the  constitution  of  the  sedi- 
ments and  of  differences  in  the  degree  of  metamorphism.  The 
dissimilarity  is  chemically  small;  for  the  analysis  of  the  andalu- 
sitic slate  from  this  region  by  Mr.  6.  W.  Hawes  (Report,  p.  233) 
found  it  to  consist  (No.  1,  below)  of — 

SiO,     i^O.    FeOt    FeO    MnO     MgO    K,0    Na,0    TiO,     H,0 

1.  4601     30*66     1-44      6*85      010      1*42      666      112      1-91      4-13=100-22 

2.  46-23     33-08    348       210      887      1-45       ...      412=  9928 

which  corresponds  very  nearly  to  the  constitution  of  common 
mica  (muscovite),  or  rather  the  hydrous  variety  margarodite,  one 

*  A  similar  breoda-gnmite  occurs  in  the  Franoonia  Notch,  near  the  Basin, 
where  (p.  137  of  Professor  Hitchcock's  Beport)  masses  "  of  porphyritic  granite, 
dark  gneiss,  homblendic  and  other  siliceous  rocks,  are  cemented  together  by  a 
light-colored  feldspathic  paste."    Other  localities  also  are  mentioned. 
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analysis  of  which  is  cited  in  No.  2 ;  and  also,  for  half  of  it,  as  Mr. 
Hawes  suggests,  to  that  of  common  feldspar  (orthoclase).  l^e 
slate  is  peculiar  in  affording  so  large  a  percentage  of  alkali  (7-78), 
and  so  small  of  silica;  but  it  yaries  in  its  silica,  being  in  some 
places  an  ^^  ar^llaceous  quartzyte;^'  in  others  a  '^felsitic  slate,*^ 
weathering  white. 

This  view  that  the  andalusite-slates  and  Montalban  schists 
(which  also  are  often  andalositic)  correspond  to  a  stratum  higher 
in  the  series  than  the  Mount  Willard  mnite  is  sustained  by  the 
occurrence  of  masses  of  them  in  the  oed  of  granite  on  Cascade 
Brook  (see  above) ;  for  in  the  fracturing  and  cmshine  of  the  rocks, 
the  detached  masses  would  naturally  fall  to  the  level  of  the  lower 
strata  from  those  above.  The  breccia-granite  the  writer  attributes 
to  a  crushing  of  the  walls  of  great  fractures  during  the  period  of 
upturning  and  metamorphism, — the  metamorphism  of  the  frag- 
ments and  of  the  rock  n*actured,  and  the  makmg  of  the  granite, 
having  gone  on  in  the  same  epoch,  like  the  making  of  the  granitic 
veins ;  and  not,  as  held  by  Professor  Hitchcock,  to  the  breaking 
up  of  schists  long  before  made  by  metamorphism,  and  the  including 
of  the  fra^ents  in  eruptive  granite.  The  crushing  was  on  a  vast 
scale ;  and  it  may  have  been  uir  beyond  what  is  now  indicated ;  for 
we  cannot  know  to  what  extent  the  stratum  which  is  now  Mount 
Willard  granite  was  crushed,  all  trace  of  bedding  being  obliter- 
ated. What  is  apparent  shows  where  the  heat  required  for  meta- 
morphism, and  for  the  making  of  granite,  came  from. 

The  strike  of  the  andalusite  slate  from  its  southern  point  at  the 
summit  of  Mount  Willey,  northward,  is,  according  to  Professor 
Hitchcock,  N.  10®  E.,  and  it  varies  little  from  this  except  adjoin- 
ing the  Mount  Willard  granite,  where  for  one  or  two  hundred 
rods  it  has  a  bend  to  the  westward.  The  northern  limit  of  the 
narrow  slate  area  is  in  the  high  region  northwest  of  Mount  Wil- 
lard, the  whole  length  being  about  ten  miles.  A  finelv  porphy- 
rytic  or  "  spotted"  granite  named  the  "  Albany  granite,"  is  stated 
to  bound  it  on  the  west  and  to  occur  where  it  disappears  to  the 
north.  Whether  the  slate  disappears  by  dipping  beneath  the 
granite,  or  by  passage  into  it,  is  not  stated.  This  Albany  e;ranite 
is  in  the  larger  part  a  granite  without  quartz  (p.  148),  and  hence 
may  have  nearly  the  constitution  of  the  slate. 

Professor  Hitchcock  states  that  the  porphyritic  granitoid  rock, 
ten  to  two  hundred  feet  wide,  which  marks  the  junction  in  Mount 
Willard  of  the  andalusite  slate  and  Mount  Willard  granite,  reeem* 
bles  the  "  Albany  granite."  This  peculiar  junction-rock  indicates, 
in  the  writer's  view,  that  the  stratum  of  granitic  mud  or  sand 
from  which  the  Mount  Willard  granite  was  made,  and  that  from 
which  the  andalusitic  slate  proceeded,  had  some  beds  of  passage ; 
there  was  a  transition  in  the  metamorphic  products  because  of  a 
transition  in  the  material  and  in  other  conditions. 

The  structure  of  the  White  Mountains  is  so  exceedingly  com- 
plex, that  it  may  reasonably  give  rise  to  widely  diverse  explana- 
tions. The  view  the  writer  has  here  presented  seems  at  least  to 
be  worth  considering  in  the  future  study  of  the  region. 
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The  volume  also  treats  of  the  rocks  of  the  Merrimack  district, 
the  Lake  district,  the  Coast  district,  and  the  district  of  northern 
New  Hampshire. 

The  Geological  Map,  illustrating  this  volume,  is  in  the  hands  of 
the  engraver.  It  is  on  a  scale  of  two  and  a  half  inches  to  the 
mila 

The  third  and  last  volume  of  the  Survey  will  contain  a  report 
by  Mr.  Warren  Upham  on  the  Quaternary  of  New  Hampshire ; 
and  one  by  Mr.  George  W.  Hawes,  on  the  Lithology  of  the  State, 
both  chemically  and  microscopically  considered.  j.  d.  d. 

3.  Preliminary  Report  on  the  PcUeontology  of  the  Bkxck  HilU^ 
by  R.  P.  Whitfibld.  U.  S.  Geogr.  and  Geol.  Survey  of  the 
I^ocky  Mountain  region,  J.  W.  Powbll  in  Charga  60  pages, 
8vo,  July,  1877.  Washington. — ^This  valuable  report  contains  - 
descriptions  of  new  species  of  fossils  from  Primordial,  Juras- 
sic and  Cretaceous  formations ;  and  in  the  final  report  on  the 
paleontology  of  the  Black  Hills,  it  will  be  accompanied  with  six- 
teen lithographic  plates.  The  new  Primordial  fossils  include  be- 
sides a  fucoid,  two  species  of  ZingtUepiSy  and  two  of  trilobites  of 
the  genus  CrepicephaJus  {Lo^aneUue)^  O.  centraJis^  and  (J.  plch 
nua;  the  new  Jurassic,  species  of  Pecten^  P^eudomonotie^  My- 
tiltcSy  Trapezium^  Pleuromyay  Tomcrediay  Doeinia^  PBammobiay 
Neceraj  Saxicava;  and  besides  there  are  eighteen  new  species 
of  Cretaceous  fossils.  In  all,  the  number  of  Jurassic  species  re- 
cognized from  the  Black  Hills  by  Mr.  Whitfield,  is  thirty-three, 
and  of  Cretaceous  species,  seventy.  The  sixteen  lithographic 
plates  are  full  of  well-drawn  and  finely  engraved  figures. 

4.  The  Age  of  the  Tejon  groupy  California. — The  following  is 
from  a  paper  by  Dr.  J.  G.  Coopbr  in  the  Proceedings  of  the  Cali- 
fornia Academy  of  Sciences,  for  Nov.  16,  1874 — The  evidence  of 
the  age  of  the  Tejon  group  is  so  far  derived  from  only  a  few  marine 
fossils  which  have  been  referred  by  different  authors  to  the  Creta- 
ceous, the  Eocene,  and  the  Miocene.  Conrad,  the  Nestor  of  Ameri- 
can paleontologists,  over  twenty  years  ago,  described  as  unmis- 
takably Eocene,  a  group  of  fossils,  now  known  as  the  Tejon  group, 
among  which  he  thought  was  the  Cardita  planicostay  '^  that  finger- 
post of  the  Eocene,  both  in  Europe  and  America."  Mr.  Gaob, 
finding  from  better  specimens  that  this  shell  differed  from  Cardita 
planicoeta^  described  it  as  new,  and  referred  the  Tejon  group  to 
the  Cretaceous,  finding  in  it  a  very  few  species  which  he  considered 
identical  with  the  lower  beds,  proved  to  be  Cretaceous  by  the 
presence  of  numerous  Ammonites.  He  also  stated,  in  an  article  in; 
our  Proceedings,  published  November,  1866,  that  '*a  solitary 
ammonite,  represented  by  half  a  dozen  specimens,  has  been  found 
by  myself  in  place^  even  to  the  very  top  of  the  formation."  Thi*- 
slender  evidence  (which  might  be  rejected  after  finding  a  Carbonif- 
erous fossil  in  a  Pliocene  deposit)  is  all  the  proof  we  have  of  the 
Tejon  beds  being  Cretaceous ;  and  that  it  is  quite  arbitrary  is  shown 
by  the  other  fossils  found  with  it  being  nearly  all  different  from 
the  lower  ones,  less  than  one-tenth  of  the  Cretaceous  shells  being 
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common  to  both  according  to  Grabb,  of  which  several  tnay  be  dis- 
tinct. On  the  other  hand,  many  of  the  Tejon  groap  are  scarodj 
distinguishable  from  Tertiary  and  living  forms.  One,  ^Utria 
Mathetosoniiy  is  so  near  tiie  Eooene  A.  ziffzagj  as  to  hkve  been 
taken  for  it,  no  other  Cretaoeous  Aturia  being  known. 

I  may  add  that  the  ammonite  {A.  jugalis  Gabb)  was  found  by 
me  in  a  stratum  last  beneath  the  Ht.  Diablo  coal,  and  apparently 
on  the  same  level  as  those  from  Clayton  and  ^'  dury's,''  found  by 
Gabb,  so  that  its  existence  above  the  Coal,  or  in  the  Tejon  g^ronp 
itself,  is  perhaps  acoidentaL     But,  to  pass  by  this  donbtfol  fkct,  we 
have  still  later  strata,  referred  to  the  Eocene  by  Conrad,  near  the 
mouth  of  the  Columbia,  where  we  would  expect  the  first  Tertiary 
to  rise  near  the  surface,  and  this  time  the  Eocene  Aturia  zigzag 
again  appears,  though  with  a  different  group  of  shells.     Mr.  Gabb, 
while  admitting  that  this  time  it  is  the  tarue  zigzag^  is  so  opposed 
to  recognizing  any  Eocene  here,  that  he  calls  the  formation  Miocene 
The  general  character  of  these  fossils,  of  which  there  are  several  in 
the  Academy's  Museum,  shows,  however,  that  they  are  of  a  more 
tropical  growth  than  any  of  our  Miocene  species,  the  Aturia  itself 
being  very  similar  to  the  NatUili  now  living  in  the  tropica. 
Though  perhaps  mixed  with  Miocene  species  among  the  br^DOi 
rocks  so  numerous  on  the  lower  Columbia  shores,  it  is  most  proba^ 
ble  that  true  Eocene  strata  exist  there,  and,  as  shown  by  the 
Academy's  specimens,  extend  south  nearly  to  Califomia,  where 
later  strata  cover  them.     From  all  we  yet  know,  we  may  assome 
that  the  gap  between  the  Cretaceous  and  Tertiary,  so  marked  on 
the  Atlantic  shores,  was  bridged  over  in  part  by  the  existence 
here  of  the  "  Tejon  Group,"  continuing  Cretaceous  forms  of  mol- 
lusca  down  so  as  to  be  contemporaneous  with  the  Eocene  epoch 
there,  or  the  earlier  part  of  it,  just  as  we  find  the  flora  and  fauna 
of  Australia  resembling  forms  fossil  in  the  Eocene  formation  of 
Europe,  but  continued  to  the  present  epoch.     After,  perhaps,  a 
short  geological  period  of  convulsion   and  death,  we   find   the 
Eocene  mollusca  appearing  in  Oregon,  just  preceding  the  Miocene, 
nearly  like  those  of  the  Atlantic  basin. 

5.  Jfbssil  Tertiary  InsecU  of  Quesnel^  British  Cohtmbicu — Mr. 
S.  H.  ScuDDBB  has  described,  in  the  Canada  Geological  Report 
for  1875-76,  the  following  Columbian  Tertiary  species  of  insects. 
Hymnoptbbs  :  Formica  arcaria^  PimpUi  eaxea^  P.  senetUa^  Co- 
lyptitea  (n.  gen.)  antediluvianum,  Diptrbs:  BcleUna  eepuUa, 
Wra^hypexa  abita^  B.proceray  Trickcnta  DatoBonij  Anthomyia  m- 
animatay  A,  Burgeesi^  Seteromy^a  senilis^  Sdomyza  revelata^  Zi- 
thortalis  (n.  gen.)  picta^  LonchcBa  eeneecene^  BaUoptera  morticifuk 
Colboptera:  Prometopia  depilie,  Hbmiptbba:  the  Aphid, 
Zachnus  petroeuniy  with  mention  of  an  imperfect  specimen  of  a 
Neuropter. 

6.  On  the  first  discovered  traces  of  Fossil  Insects  in  American 
TertiarieSy  and  on  new  Garahidce  from  the  inter  glacial  deposits  of 
Scarborough  JETeightSj  near  Toronto^  Canada^  by  Samukl  H.  Scud- 
DBB.     From  the  Bulletin  of  the  U.  S.  GeoL  and  Geogr.  Survey,  F. 
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V.  Hay  den,  U.  S.  GeoL-in-Charge.-^  The  Tertiary  Insects  deseribed 
by  Mr.  Scudder  include  species  of  Hymenoptera  of  the  families 
fiorrnicidcB^  and  IchneurnonidcB ;  Diptera  of  the  families  CuUcU 
dcBj  ChironomidoBj  CecidomyidcB^  TipulidoBy  MycetophilidGB^  Cyr- 
tidcBy  SynphidoBy  MuBcidw  and  Helomyzidm ;  various  Coleoptera 
and  Uemiptera;  and  a  Neuropter  of  the  genus  Phryganea. 

7.  Geological  ISurvey  of  Victoria^  No.  IV.  Report  of  Prog- 
ress  by  the  Sbcrktary  of  Mines,  with  BepttrU  on  the  Geology ^ 
Mineralogy  and  Physical  Structure  of  various  parts  of  the  Col- 
ony, by  R.  A.  F.  Murray,  F.  M.  Kraus6,  N.  Taylor,  A.  W. 
HowiTT,  W.  Nicholas,  J.  Cosmo  Nbwbbry,  and  Professor  F.  Mc- 
Coy.— The  Report  of  Progress  states  the  following  facts  brought 
out  in  Decade  IV  of  the  Prodromus  of  the  Paleontology  of  Vic- 
toria by  Professor  McCoy,  which  is  nearly  ready  for  issue.  Three 
plates  are  devoted  to  the  Diprotodon  which,  "like  the  Megathe- 
rium of  South  America,  was  obviously  a  feeder  on  the  twigs  and 
foliage  of  trees,  like  their  diminutive  representatives  of  modern 
times."  On  Plate  V  are  represented  Favosites  Goldfussiy  "  agree* 
ing  in  every  respect  with  the  European  Devonian  coral,"  Spirif 
era  Icevicostay  a  species  also  of  England  and  abounding  in  the 
Middle  Devonian  limestones  of  the  Eifel,  Chonetes  Australis^ 
"  closely  allied  to  the  C.  sarcinulata  of  the  Rhenish  Devonian 
beds  "  Asterolepis  omata,  "  almost  identical  with  specimens  found 
in  the  Russian  Old  Red  Sandstone ;"  on  Plate  VI  are  figures  of 
ArchcBopteris  Howitti^  Spfienopteris  Iguanensis,  and  Cordaites 
AustraUSy  from  the  Upper  Devonian  of  Gippsland. 

Mr.  Howitt  describes  the  basalts,  and  other  rocks  of  North 
Gippsland,  and  gives  ilgures  of  thin  slices  of  the  rocks,  with  de- 
tailed descriptions.  The  volume  contains  also  facts  on  other  for- 
mations in  V  ictoria,  and  much  on  auriferous  veins. 

8.  Tantalite, — I  have  lately  had  sent  to  me  a  raas^  of  tanta* 
lite,  weighing  about  500  grams,  coming  from  Professor  Eugene  A. 
Smith,  State  Geologist  of  Alabama ;  its  exact  localitv  in  Alabama 
is  not  ^iven.  It  is  the  first  time  that  tantalite  has  oeen  found  in 
the  United  States ;  its  specific  gravity  is  over  7*2.  It  is  a  surface 
specimen,  and  has  undergone  partial  decomposition  in  the  crev- 
ices. It  is  an  important  discovery  at  the  present  time,  while  this 
class  of  minerals  is  exciting  interest.  j.  Lawrence  smith. 

9.  G^ognostische  und  geographische  Beobachtungen  im  Staate 
Minnesota.  Doctorate  Inaugural  dissertation  by  J.  H.  Eloos, 
Mining  Engineer  of  Amsterdam.     58  pp.  8vo.     Berlin,  1877. 

IIL  Botany  and  Zoology. 

1.  Morphology  of  the  Dentary  System  in  the  Human  Raoe.^^ 
Dr.  E.  Lambert,  c^  Brussels,  has  given  the  characteristics  of  the 
teeth  in  the  different  races  of  Man  a  careful  study,  and  has 
arrived  at  the  following  important  conclusions,  here  derived  from 
the  Bulletin  of  the  Royal  Academy  of  Belgium,  46th  year,  No.  5, 
-1877. 
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In  the  white  race^  the  triturating  surface  of  the  canines  does 
not  project  beyond  that  of  the  other  teeth,  the  two  premolars  are 
eqaal  in  volnme,  the  first  true  molar  is  the  largest,  and  the  last  or 
wisdom  tooth  is  the  smallest.  In  the  hktck  r<ice^  the  contrary  is 
true  in  all  these  points,  the  canines  projecting  beyond  the  t^eth 
adjoining,  the  posterior  premolar  beug  the  largest,  and  the  true 
molars  increasing  in  size  posteriorly. 

In  the  white  race,  the  molars  have  ordinarily  only  four  casps; 
in  the  black,  five.  If  in  the  white  race  there  are  five,  it  is  the 
first  molar  which  has  them ;  while  in  the  black  it  is  the  last. 

In  the  yellow  race,  there  is  usually  a  slight  increase  in  the  size  of 
the  molars  from  the  interior  to  the  posterior,  as  in  the  black  race ; 
and,  as  in  the  black  race,  there  is  a  fifth  cusp  on  the  wisdom  tooth. 

In  the  black  race,  the  diameters  of  the  incisors  are  larger  than 
in  the  white  race,  and  the  triturating  surface  of  the  canines  is 
larger  than  that  of  the  teeth  adjoining. 

In  the  black  race,  there  is  a  slight  diastema,  which  does  not 
exist  in  the  white  race,  and  the  inner  tubercle  of  the  premolar  is 
less  developed  than  the  outer — as  in  the  man-apes.  In  the  inferior 
premolars,  the  first  has  often  an  inner  tubercle  feebly  developed, 
which  again  manifests  a  slight  approximation  toward  the  man- 
apes. 

In  the  black  race,  the  superior  molars  have  the  antero-posterior 
diameter  equal  to  the  bi-lateral ;  in  the  white  race,  it  is  always 
smaller,  and,  in  the  yellow,  the  form  is  intermediate. 

There  is  more  difference  in  the  teeth  between  the  black  race 
and  the  yellow  than  between  the  yellow  and  the  white.  How- 
ever, the  Malay  branch,  the  type  of  the  brown  race  of  D'Omalius, 
seems  to  be  transitional  between  the  black  and  the  yellow  as 
regards  the  general  volume  of  the  teeth,  the  number  of  cusps  of 
the  large  inferior  molars,  and  the  tendency  to  an  increase  of  siae 
of  molars  posteriorly. 

The  Amencan  race — the  red  race  of  D'  Omalius  usually  onited 
with  the  yellow — presents  so  nearly  the  dentary  characters  of  the 
black  race  that  Dr.  Lambert  unites  the  two.  The  Australians, 
Tasmanians,  and  New  Caledonians  present,  in  some  respects,  an 
exaggeration  of  the  dentary  characters  of  the  African  negro,  and 
also  stronger  prognathism. 

The  crania  from  the  caves  of  Furfooz  (Belgium),  have  the 
inferior  molars  decreasing  in  size  backward,  as  in  the  white  race; 
and  it  is  the  same  with  the  seventy  neolithic  crania  exhumed  at 
Hasti^res.  But  the  Paleolithic  lower  jaw  from  Naulette  (Bel- 
gium), as  has  beea  remarked  by  MM.  Prllner  Bey,  Broca  and 
Carter  Blake,  approximates  most  that  of  the  Australian  and  New 
Caledonian  races,  showing  a  resemblance  in  the  age  of  the  mam- 
moth between  man  in  Belgium  and  the  Existing  races  of  their 
antipodes.  Dr.  Lambert^s  paper  is  published  at  length  in  the 
Bulletin  of  the  Academy. 

2.  Arbeiten  atss  dem  zoologiscJie-zootomisehen  Institut  im 
WOrtzlntrg.    8vo.    Herausgegeben  von  Pro£  Dr.  Cabl  Sxmpbb. — 
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The  third  volume  contains  the  following  elaborate  papers :  The 
Uranogenital  system  of  the  Amphibia,  by  Dr.  J.  W.  Sprbngbl, 
114  pages,  with  8  folded  plates;  Strobilation  and  Segmentation 
in  articulate  animals,  with  special  reference  to  the  homologies 
between  Vertebrates,  Annelias,  and  Anthropods,  by  C.  Sbmper, 
290 pages,  with  12  folded  plates;  Studies  on  the  Turbellaria  (on 
the  rlathelminthids)  by  Chablbs  Skdowick  Minot,  of  Boston,  62 
pages,  with  5  plates ;  on  the  saliva  and  cement  glands  of  the  Deca- 
pods, by  Dr.  M.  Bbaun,  8  pages,  with  1  plate ;  Remarks  on  the 
"  Nephrofneusten"  of  v.  Ihenng,  by  C.  Sbmpbb. 

3.  On  the  Brain  of  Chimcera  manstrosa,  by  B.  6.  Wildbb, 
Proc  Acad.  Nat  Sci.  Philad.,  May  29,  1877.  34  pp.  8vo,  with  a 
plate. 

IV.  Astronomy. 

1.  New  PlaneU. — In  a  letter  to  the  editors  Prof.  Watson  says: 
**  The  following  are  the  places,  from  the  observations  provisionally 

'  reduced,  of  the  two  planets  recently  discovered  by  me. 
Planet  (174)  discovered  August  8th,  magnitude  10*3. 
Ann  Arbor.     Mean  Time.  (174)0.  (174)J.       No.  Oomp. 

1877,  August  8,  10  60    0  2122  39-10  -16    4    7*0        2 

16,  13  48    1  21  13  57-94  15  46    60         5 

17,  9  39  25  21  13  589  15  44  8*0  6 
18,10  40  6  2112  0-29  16  41348  6 
20,  11  11  13  21  9  55-43  15  36  30*4  6 
26,  9  56  30  21  4  913  16  19  581  6 
30,  12  16  30  21    0  33-65  16    7  291  2 

Sept  1,    9  48    4  20  59    3-24  16    1  27-9        9 

3,    8  63  48  20  67  34*90  14  54  53*6        6 

Planet  (175)  discovered  September  2d,  magnitude  11 '6. 

Ann  Arbor.    Mean  Time.  (175)o.  (176)<J.       No.  Oomp. 

1K77,   Sept     2,  11    2  58  23  10    480  +0  44  591  5 

2,  13  50  36  23    9  58-39  0  44  50-2  5 

3,  10  40  9  23  9  1038  0  43  36*9  6 
4,10  1156  23    8  16*21  +0  42  113  6 

ObBervatorj,  Ann  Arbor,  September  10, 1877. 

2.  Time  of  Rotation  of  Saturn. — ^Professor  Hall  discovered  on 
the  night  of  December  7th,  a  bright  spot  on  the  ball  of  Saturn. 
Notice  was  sent  to  various  astronomers  and  the  spot  was  observed 
at  Poughkeepsie,  Albany,  Hartford,  etc.  The  spot  was  followed, 
and  its  position  measured  at  Washington  until  Jan.  2d,  or  through 
more  than  sixty  revolutions.  Assuming  that  the  spot  had  no 
proper  motion  on  the  surface  of  Saturn,  Professor  Hall  obtains  for 
the  time  of  one  revolution  on  its  axis 

10»»  14«»  23*-8  =b  2*-30. 
The  only  earlier  determination  of  this  quantity  was  made  by  Sir 
Wm.  Herschel  in  1793-4  who  found  it  to  be  10**  16"*  0''4,  which 
he  believed  could  not  be  in  error  as  much  as  two  minutes.  By  a 
curious  mistake  his  time  for  the  rotation  of  the  ring,  or  10**  29"* 
16''8,  has  been  hitherto  given  in  almost  all  treatises  on  astronomy 
as  the  time  of  rotation  of  the  planet  itsel£ 
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3.  T7ie  newly  discovered  satellites  of  Mars. — ^Tbe  aniKmneement 
of  this  remarkable  discovery  made  by  Prof.  Hall  was  too  late 
to  appear  in  the  body  of  the  September  number  of  the  Joomal, 
bnt  was  given  upon  the  third  pa^e  of  the  cover.  It  is  of  such 
exceptional  importance  that  we  give  in  full  Admiral  Rodgers'  Re- 
port to  the  Secretary  of  the  Navy,  dated  August  21st. 

"  Sir :  the  outer  satellite  of  Mars  was  first  observed  by  Profes- 
sor Asaph  Hall,  XJ.  S.  N.,  on  the  night  of  the  llth  of  Aa^nst, 
1877.  (Jloudy  weather  prevented  the  certain  recognition  of  its 
true  character  at  that  time.  On  August  Idth  it  was  again  ob- 
served, and  its  motion  was  established  by  observations  extending 
through  an  interval  of  two  hours,  during  which  llie  planet  movM 
over  thirty  seconds  of  arc.  The  inner  satellite  was  hrst  observed 
on  the  night  of  August  J  7th,  and  was  also  discovered  by  Pro- 
fessor HaiL  On  Saturday,  August  18th,  the  discoveries  were 
telegraphed  to  Alvan  Clark  and  sons,  Cambridgeport,  Mass.,  in 
order  tnat  if  the  weather  should  be  cloudy  at  Washington,  they 
might  confirm  the  existence  of  the  satellites  with  the  26-iiich  • 
telescope  of  Mr.  McCormick,  which  is  in  their  hands.  This  dis- 
covery was  confirmed  by  Professor  Pickering  and  his  assistants, 
at  Cambridge,  Mass.,  and  by  the  Messrs.  Clark,  at  Cambridge- 
port.  On  August  1 9th  the  discovery  was  communicated  to  Sie 
Smithsonian  Institution,  by  which  it  was  announced  to  the  Ameri- 
can and  European  observatories  in  the  following  dispatch  : 

Two  satellites  of  Mars  discovered  by  Hall,  at  Washington, 
Firsts  elongation  west,  August  18,  eleven  hours,  Washington  time. 
Distance  eighty  seconds.  Period,  thirty  hours.  Distance  of 
second,  fifty  seconds. 

It  will  be  seen  hereafter  that  the  statement  of  fifty  seconds  as 
the  distance  of  the  inner  one  was  erroneous.  The  observations 
hitherto  made  are  as  follows : 

The  Firri  SateOiie, 

IStt,  Aug.  11,  14  40,  p=  59-6  (2);  14  46,  8=10-57  (2)  Obs.,  Hall. 

16,1142 «=77-6:  (I)  "     HalL 

13    7,  i>=71-9(2) #=80-83(4)  "     Hall. 

13  36, «=80-4    (1)  "     HalL 

17,  16    2,  p=  86-6  (2);  16  19,  «=:63-24  (3)      "     HalL 

18,  10  28,  jp=261-7  (3);  10  18,  #=82-93  (8)      "     Newcomb. 

10  57,  i>=244-5  (1);  11    6,  #=81*6    (1)      "     Harknees. 

11  60,  j>=246-6  (4);  11  67,  #=81-77  (4)      "     HaU. 

14  32,  j>=2321  (4);  14  39,  «=61-04  (4)      "     Hall 

19,  11  42,  j>=283-2  (2);  11  49,  #=46-20  (4)  "  HaU. 
16  43,  j>=256-4  (4);  16  62,  #=81*37  (6)  "  HalL 

20,  10  28,  p=  61-1  (3);  10  33,  #=7607  (2)  "  HalL 
11  67,  j>=  621  (4)  J  12    7,  #=69*93  (4)  "  HalL 

J%e  Second  Satellite. 

1877,  Aug.  17,  16  \  p=z  730  (2);  16  2"   #=30-81  (4)  OU,  HalL 

18,  11  31,  p=248*8  (2);  11  37,  #=3466  (4)      "     HalL 

19,  11  25,  p=226*8  (2);  11  30,  #=24*08  (2)      **     Hall. 

20,  13  15,  p=  67-1  (1);  18  26,  #=31  96  (3)      "     HaU. 

13  66, #=27*02  (4)  "  HaU. 

14  22,  p=  70  (est);  14  22,  #=19*16  (3)  "*  HaU. 
16  19,  p=260  (eat);  16  19,  #=1616  (7)  "^  HaU. 
16  36, #=16*70  (7)  "  HalL 
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From  these  obsenrations  Profeesor  Newoomb  has  derived  the 
following  approximate  circular  elements  of  the  orbits.    The  prob- 
able errors  assigned  are  only  very  rough  estimates. 
The  Outer  Satellite. 

Major  semi-axis  of  apparent  orbit  seen  at  distance  [9*59301 82''6±0''6 

Minor  semi-azis  of  apparent  orbit  seen  at  distance  [9'5980J 27 -'7  ±2*' 

Major  semi-azis  of  orbit  seen  at  distance  uni^ 32*'3 

Position  angles  of  apsides  of  apparent  orbit 70%  250*±2** 

Passage  tbroufh  the  west  apsis  (p=250^),  Aug.  19,  16'6h,  W.  m.  t. 

Period  of  revolution 30h  14m±2m 

Hourly  motion  in  Areocentric  longitude 11**907 

Inclination  of  true  orbit  to  the  ecUptio 25*''4±2* 

Longitude  of  ascending  node 82'''8±3'' 

Position  of  pole  of  orbit  in  celestial  sphere Long.  352**'8 

Lat.  +64*6 
R.A.  3161 
Ded.  -I- 63-8 

Those  elements  gave  for  the  mass  of  Mars 

3,090,000 

The  Inner  ScUeUiie, 

Major  semi-axis  of  apparent  orbit  at  distance  [9*6930] 33*'0±1' 

Period  of  revolution 7h  38'6m±0*5m 

Hourly  motion  in  Areooentrio  longitude 47**'ll 

Passage  through  the  eastern  apsis  (j>=70''X  Aug.  20,  13'Oh,  W.  m.  t. 

4.  7^  American  JEphemeris  and  Nautical  Almanac  for  the 
year  1880,  has  been  bsued,  under  the  superintendence  of  Professor 
Cofiin,  by  the  Bureau  of  Navigation  at  Washington. 

5.  J)oee  the  Motion  of  the  inner  sateUite  of  mars  disprove  the 
Nebular  Hypothesis?  by  Professor  Daniel  Kirkwood.  (Let- 
ter to  the  Editors.) — From  eight  measurements  of  the  position  and 
distance  of  the  inner  satellite  of  Mars  as  taken  by  Professor  Hall 
within  three  days  from  the  date  of  his  first  observation,  Professor 
Newcomb  found  the  period  to  be  seven  hours  and  thirty-eight 
minutes.  On  the  theory,  therefore,  of  a  circular  orbit  the  satellite 
is  within  3400  miles  of  the  planet's  surface.  Professor  Hall  re- 
marks that  the  diameters  of  the  Martial  satellites  are  extremely 
small,  probably  not  more  than  50  or  100  miles.  It  is  interesting 
to  observe  that  even  with  the  larger  limit  the  bodies  are  smaller 
in  comparison  with  their  primary  than  any  other  secondaries  in 
the  solar  system.  According  to  Proctor,  Mars  revolves  on  its 
axis  in  24**  87"  22'736*.  The  inner  satellite,  therefore,  completes 
three  orbital  revolutions  in  less  than  a  Martial  day.  How  is  this 
remarkable  fact  to  be  reconciled  with  the  cosmogony  of  Laplace  ? 

Although  the  period  of  no  other  satellite  is  less  than  that  of  the 
rotation  of  its  primary,  the  case  can  hardly  be  regarded  as  wholly 
unique.  The  rings  of  Saturn  are  clouds  of  extremely  minute  sec- 
ondary planetoids  revolving  about  the  primary  in  approximate 
accordance  with  Kepler's  third  law.  The  periods  of  those  in  the 
outermost  ring,  like  that  of  the  exterior  satellite  of  Mars,  are 
somewhat  gi*eater  than  the  rotation  period  of  the  primary.  Those 
near  the  outer  edge  of  the  interior  bright  ring  revolve  in  the  same 
time  with  Saturn,  and  those  at  the  inner  visible  edge  of  the  dusky 
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ring  complete  a  revolution  in  about  eight  hours.  "  These  rings  of 
Saturn,  like  everything  oosmical,  must  be  gradually  decaying, 
because  in  the  course  of  their  motion  round  the  planet  there  muBt 
be  continual  impacts  amongst  the  separate  portions  of  the  mass ; 
and  of  two  which  impinge,  one  may  be  accelerated,  but  it  will  be 
accelerated  at  the  expense  of  the  other.  The  other  falls  oat  of 
the  race,  as  it  were,  and  is  gradually  drawn  in  towards  the  planet. 
The  consequence  is  that,  possibly  not  so  much  on  account  of  the 
improvement  of  telescopes  of  late  years,  but  perhaps  simply  in 
consequence  of  this  gradual  closing  in  of  the  whole  system,  a  new 
ring  of  Saturn  has  been  observed  inside  the  two  old  ones, — what 
is  called  from  its  appearance  the  crape  ring,  which  was  narrow 
when  first  observed,  but  is  gradually  oecoming  broader.  That  is 
formed  of  the  laggards,  as  it  were,  which  have  been  thrown  out 
of  the  race,  and  which  are  gradually  falling  in  towards  the  plan- 
et's surface."* 

The  process  by  which,  in  the  case  of  Saturn's  rings,  the  period 
of  i*evoiution  has  become  less  than  that  of  the  planet's  rotation  is 
here  clearly  indicated.  It  is  not  impossible  that  a  similar  process 
may  have  been  in  operation  during  the  forming  period  of  the 
Martial  system.  ITnless  some  such  explanation  as  this  can  be 
given,  the  short  period  of  the  inner  satellite  will  doubtless  be 
regarded  as  a  conclusive  argument  against  the  nebular  hypothesis. 

Bloomington,  Indiana,  August  27th,  1877. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  American  Association  for  the  Advancement  of  Science, — 
The  twenty-sixth  meeting  of  the  American  Association  opened  at 
Nashville,  on  Wednesday,  August  29th.  Professor  Newcomb,  of 
Washington,  was  the  President  of  the  meeting.  The  local  com- 
mittee, consisting  of  Messrs.  Lindsley,  Lupton,  Safford  and  others, 
citizens  of  Nashville,  contributed  greatly  to  the  success  of  the 
meeting  by  the  arrangements  they  had  made  for  the  reception 
and  entertainment  of  the  members,  and  for  the  convenience  of  the 
several  sessions.  The  hospitality  of  the  people  was  unbounded, 
and  the  provisions  for  excui*sions  were  of  the  most  generous  kind. 
The  attendance  was  large,  though  not  equal  to  that  of  some  meet- 
ings, owing  to  the  season  of  the  year  for  a  place  so  far  south,  and 
the  distance  (over  a  thousand  miles)  from  the  Atlantic  sea-board. 

Through  the  generosity  of  Mr.  Samuel  Watkins,  of  Nashville, 
and  others  of  the  local  committee,  there  were  sent  to  the  associa- 
tion, for  distribution  among  its  members,  400  copies  of  a  volume 
containing  as  follows:  Second  Annual  report  of  the  Board  of 
Health,  gotten  out  with  special  reference  to  this  Association ;  re- 
port on  the  Topography  of  Nashville,  by  Major  Wilbur  F.  Foster, 
illustrated  with  a  map  embracing  an  area  of  three  miles ;  rej>ort 
on  the  Geology  of  Nashville,  by  Professor  Safford,  State  Geologist ; 
report  on  the  Water-supply,  with  a  careful  analysis,  by  Professor 

♦  Tate's  Recent  Advances  in  Phys.  ScL,  p.  259. 
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Lupton ;  report  upon  the  Climate  of  NaBhville,  by  Dr.  A.  C.  Ford, 
of  the  Signal  Service ;  interesting  facts  in  Nashville's  history, 
taken  from  the  newspapers  and  other  soarces,  by  Anson  Nelson, 
Secretary  of  the  Tennessee  Historical  Society;  report  by  the 
Health  officer  upon  the  Sanitary  condition  of  Nashville ;  a  com- 
plete index,  by  Dr.  George  Blackie.  Dr.  Lindsley,  through  whom 
the  gift  was  made,  said  that  it  was  intended  as  a  memorial  vol- 
ume.   The  gift  was  received  with  a  hearty  vote  of  thanks. 

The  place  appointed  for  the  meeting  in  1878  was  St.  Louis,  and 
the  time,  the  third  Wednesday  in  August.  Professor  O.  C. 
Marsh  was  elected  President  for  the  ensuing  year ;  R.  B. 
Tburbton,  of  Hoboken,  New  Jersev,  Vice-President  of  Section  A; 
A.  R.  Grotb,  of  Buffalo,  Vice-President  of  Section  B ;  and  H.  C. 
Bolton,  General  Secretary. 

The  retiring  President,  Professor  W.  B.  Rogers,  was  unable  to 
be  present  at  the  meeting,  and  hence  the  occasion  failed  of  a 
Presidential  Address,  which  in  this  case  was  looked  for  with  high 
expectations. 

The  evening  session  of  Wednesday  was  occupied  with  a  lecture, 
by  Professor  Newcomb,  on  the  recent  astronomical  discoveries — 
that  of  the  Satellites  of  Mars  by  Professor  Asaph  Hall,  and  that 
of*  oxygen  in  the  atmosphere  of  the  sun  by  Professor  Henry 
Draper ;  remarks,  by  Professor  James  Hall,  on  the  history  of  the 
Association,  and  the  work  it  had  done ;  a  lecture,  by  Professor 
J.  Lawrence  Smith,  on  meteoric  stones ;  and  a  paper,  by  Professor 
A.  R.  Grote,  on  an  International  Scientific  Service. 

Professor  Marsh,  the  Vice-President  of  Section  B,  occupied 
Thursday  evening  with  a  discourse  on  the  "  Introduction  and  Suc- 
cession of  Vertebrate  Life  in  America,"  which  was  rich  in  facts 
from  his  own  hard  work  among  the  vertebrate  fossils  of  the 
Rocky  Mountain  region  and  other  parts  of  the  continent,  also 
from  the  extended  observations  of  Leidy,  Cope,  and  other  investi- 
gators in  the  same  field,  and  which  set  lorth  the  succession  of  ver- 
tebrate life,  and  the  bearing  of  the  whole  on  its  introduction,  with 
a  fulness,  as  regards  mammals,  before  unequalled.  Professor 
Marsh's  paper  will  appear  in  the  following  number  of  this  Journal. 
On  Monday  a  very  valuable  discourse  was  delivered  by  Professor 
Daniel  Wilson  "on  the  races  of  America." 

The  number  of  important  papers  read  in  the  several  sections 
was  small  The  following  is  a  list  of  those  read  or  accepted  for 
reading. 

I.  Section  of  Mathematics,  Astronomy  and  Physics, 
On  a  New  Type  of  Steam  Engine,  theoretically  capable  of  utilizing  the  full  Me- 
chanical Equivalent  of  Heat  Energy ;  and  on  some  points  of  Theory  indicating  its 
practicability,  R.  H.  Thubston. — On  a  new  method  of  planning  researches,  and 
of  representing  to  the  Eye  the  Results  of  Combination  of  three  or  more  Elements 
in  all  possible  proportions,  id. — ^The  work  of  the  U.  S.  Board  appointed  to  test 
iron,  steel  and  other  metals,  id. 
On  the  proper  motion  of  the  Trifld  Nebula,  M.  20,  G.  C.  4355,  etc.,  £.  S. 

HOLDEN. 

A  new  Quadruple  Objective  for  Astronomical  Telescopes,  E.  Gundlach. — A 
new  Perisoopic  Eye-piece,  id. 
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On  the  arbitrary  ooefBoient  A  (*)  in  LajAaoe's  ezpffefldoii  for  the  aeiiii-diazBal 
tide,  J.  G.  Babnard. 

Mechanics  of  the  flisht  of  birds,  A.  0.  Campbell. 

The  Physics  of  the  Mississippi  river  below  the  Red  river,  0.  G.  Fobshkt. — Th« 
Physics  of  the  Gulf  of  Mexico,  id. 

On  a  Measorement  of  the  wave-length  of  the  Blue  line  of  the  Sipedbram  oi 
Indium,  T.  G.  Mihdbnhall. — On  the  proposed  modification  in  the  Metric  SjatsB 
in  its  Introduction  into  the  United  States,  id. 

Improvement  in  use  of  the  Reflecting  Goniometer,  H.  W.  Wilet. 

A  novel  Radiometer,  Mr.  Jeffrey. 

The  Monetary  Question,  E.  B.  Eluott.— On  Standard  Time,  id. 

On  the  Relation  of  Organ  to  Function ;  or  of  Form  in  general  to  Mode  <d 
Energy  Received  and  Exerted,  R.  L.  Kibkpatbiok. 

IT.  Suh8ectio7i  of  Chemistry  and  Mineralogy. 

A  Steam  blast  for  general  use  in  laboratories,  with  illustratious  of  same,  J.  L. 
Smith. — Use  of  a  current  of  steam  in  boiling  liquids  with  and  without  inrecipitatea 
for  use  in  tiie  analytical  liUK>ratory,  id. — Some  remarks  on  Phoephoms  in  Iron,  id. 
— A  peculiar  Silidde  of  Iron  with  remarks  on  artificial  Silioidee  of  the  metel,  id. 
— On  the  genend  methods  adopted  in  the  analyses  of  the  American  Golumbates, 
id. — On  an  American  tantalite,  id. 

The  action  of  Dilute  Acid  upon  Ferrous  Sulphide  made  from  Cast-iron,  F.  P. 
DuKNiNOTOK.— The  Minerals  of  a  Deposit  of  Antimony  Ores  in  Sevier  Oninlj, 
Arkansas,  id. 

Ethers  of  some  Bile  Adds,  and  specimens,  A.  Spbivoeil 

On  the  use  of  Hyposulphite  of  Soda  for  the  pretapitation  of  Ahimina,  &  L. 
Mebs. 

The  various  methods  of  separating  and  determining  Barium,  Strontinm  and 
Calcium.  Part  I.  Determination  of  Strontium,  P.  Sobwbitzbb. — On  some  inler> 
esting  deductions  from  the  solubility  of  difficultly  soluble  substances,  id. 

Note  on  the  Separation  of  Iron  from  Cobalt  and  Nickel,  A.  H.  Elliott. 

On  the  manufacture  of  steel  by  the  open  hearth  process,  B.  S.  Hedbiok. 

III.  Section  of  Oeology  and  NixttircU  History. 

Our  Knowledge  of  the  Cotton  Worm,  A.  R.  Gbotb.  —A  new  Lepidopteroas 
Insect  Injurious  to  Vegetation,  id. 

On  Sex  in  Flowers.  T.  Meehak. 

The  Law  of  Repetition,  Miss  ViaaiKiA  K.  BowEsa 

On  the  Respiration  of  Amis,  B.  G.  Wilder. 

Agamous  reproduction  among  the  Cynipidse,  H.  F.  Bassett. 

On  the  Origin  of  Structural  Variation,  E.  D.  Cope.— On  tiie  Claaaifloation  of  iBbe 
Extmct  Fishes  of  the  Lower  types,  id. 

On  the  Silurian  Island  of  the  Cincinnati  uplift  with  reference  to  its  part  in 
Tennessee,  J.  M.  Saffobd. — Notice  of  a  specimen  of  Cyrtodonta  ventricoaa  from 
the  Lower  Silurian,  id. 

On  the  Geographical  and  Geological  Distribution  of  the  genus  Beatricea,  and  of 
certain  other  Fbssil  Corals  in  the  Rooks  of  the  Cincinnati  Group,  N.  S.  ftHAijm 
— On  the  Original  Connection  of  the  Eastern  and  Western  Coal-fields  of  the  Ohio 
Valley,  id. — On  the  continuation  of  the  folds  of  the  Alleghany  Chain  to  the  North 
of  the  Delaware  River,  id. — On  the  Recent  Formation  of  a  small  Anticlinal  Axis 
in  Lincoln  County,  Kentucky,  id. 

New  specimens  from  the  Water  Lime  Group  at  BufEalo,  A.  R.  Ghotb  and  W.  H. 
Pitt. 

On  Geodes,  S.  J.  Wallace. 

On  the  Annual  Deposits  of  the  Missouri  River  during  the  Post-Pliocene,  J.  S. 
Todd. 

The  Structure  of  Eruptive  Mountains,  J.  W.  Powell — Overplaoement,  id. 

The  Variation  of  certain  Fresh  Water  Mollusks  of  ^e  United  States  and  thair 
Geographical  Distribution,  A.  G.  Wethbbbt. 

Notes  on  the  Silurian  waters  of  Washoe,  Nevada,  T.  Stebbt  Hcht. — Notes  on 
the  Greology  of  the  Rocky  Mountains,  id. 
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Geology  and  Topography  of  the  OQ  Begkm  of  TenneMee  and  the  Oil  Springs 
and  Wells,  J.  B.  Killbbbbw. 
Geology  of  the  Region  on  the  Headwaters  of  the  Androsooggin  River,  J.  H. 

HUHTIHOTO». 

A  section  of  McEinny  £011,  Tennessee,  B.  L.  Drake. 

Geological  position  and  mode  of  origin  of  Hydrated  brown  oxide  of  Iron,  E.  T. 
Oox. 

On  the  Fibre  of  Gtoeeipenm  herbaceum  (cotton  plant)  considered  with  reference 
to  a  practical  application  of  its  manufacture,  J.  A.  Ridlbt. 

On  the  use  to  be  made  of  the  Post  Route  Maps  in  the  advancement  of  Science, 
B.  S.  Hbdbiok. 

AtnKMBpberic  Goncuasion  as  a  Means  of  Disinfection,  Mrs.  H.  R.  Iv«um. 

rV.  Subsection  of  Anthropology. 

On  the  Origin  of  the  Japanese,  S.  Isawa. 

The  former  and  present  numbers  of  our  Indians,  G.  Mallbbt. 

AddRional  Facts  concerning  Artificial  Perforation  o€  the  Oraninm  in  Andent 
Mounds  in  Michigan,  H.  Gilman. 

Habits  of  the  Moqui  Tribe,  £.  A.  Babbbb. 

Some  Popular  Errors  concerning  the  North  American  Indians,  J.  W.  Powblu 
— Introduction  to  the  Study  of  Indian  Language,  id. 

On  the  ancient  excavations  in  Western  Korfii  Carolina,  A.  A.  Juliev. 

Report  on  the  Exi^oration  of  the  Graves  of  the  Mound  Builders  in  Scott  and 
Mississippi  Oounties,  Missouri,  H.  N.  Rubt. 

Observations  on  the  skull  of  the  Comanche,  T.  0.  Suhmbbs,  Jr. 

2.  DiBkmt  Points  visible  from  Mt.  Washington ;  by  W.  H. 
Pickering.  (Read  October  1 1,  1876).  If  an  observer  were  to  go 
up  foar  particular  peaks  in  the  White  Mountains,  he  could  see  all 
the  distant  points  visible  from  any  of  the  other  summits,  together 
with  a  good  many  more  not  visible  from  tbem.  These  four  peaks 
are  Washington,  Moosilauke,  Passaconnaway  and  Lafayette.  I 
name  tbem  in  the  order  of  the  extent  of  the  distant  views  obtained 
firom  them  alone.  Now  looking  at  the  subject  the  other  way,  no 
matter  from  what  distant  point  the  White  Mountains  are  seen,  one 
of  these  four  peaks  must  always  be  the  most  conspicuous  object  in 
the  view,  provided  no  near  hills  intervene.  By  means  of  the 
following  formulsB  the  distance  visible  from  any  mountain  may  be 
readily  calculated,  and  also  tbe  elevation  a  mountain  must  have 
in  order  to  see  a  certain  distance :  <?=:  -^n^/Vlhh^  h  =  ^*,  where 
d^^  distance  in  miles,  and  A=  elevation  in  feet.  They  may  also 
be  used  to  calculate  mountain  profiles  as  seen  from  distant  points. 

The  following  is  a  list  of  some  of  tbe  more  interesting  distant 
points  to  be  seen  from  Mt.  Washington,  many  of  them  being  visi- 
ble only  on  rare  occasions. 

Mt.  beloBil,  Canada:  distance  136  miles,  position  north  45*^  west, 
and  nearly  over  Prospect  Hill,  Lancaster.  It  is  quite  a  higb 
mountain  near  Montreal,  and  is  said  to  be  visible.  Lake  Memphre- 
magog,  north  border  of  Vermont :  distance  70  miles,  position  north 
40**  west,  and  over  Jefferson  Hill.  It  requires  a  very  clear  day, 
as  distant  water  is  difficult  to  distinguish. 

Mt.  Carmel,  Maine :  distance  05  miles,  position  north  10^  east, 
and  just  over  Mt.  Adams.  It  is  very  near  the  northern  border  of 
Maine,  and  is  readily  recognized  by  the  steep  slope  on  the  eastern 
side.  It  is  said  that  a  very  fine  view  may  be  obtained  from  it. 
Mt.  Bigelow :  distance  70  miles,  position  north  36°  east,  and  nearly 


Digitized  by  VjOOQIC 


832  MisceUaneova  Ini  Uigence. 

over  Mt.  Ebiyes.  It  appears  as  three  rounded  hills.  Jast  to  the 
soath  of  it  and  far  beyond  is  a  mountain  with  a  yery  sharp  apex, 
which  is  sometimes  called  Katahdin,  but  this  is  a  mistake.  Mu 
Abraham :  distance  65  miles,  position  north  40"^  east,  and  somewhat 
to  the  right  of  Mt.  Hayes.  A  long  seiTated  ridge,  also  sometimes 
called  Katahdin.  Mt.  Katahdin,  Maine :  distance  163  miles,  poor 
tion  north  46**  east,  and  about  half  way  between  Mt.  Hayes  and 
Mt.  Moriah.  It  is  said  to  appear  rising  over  a  nearer  saddle-shaped 
mountain,  and  to  be  recognized  by  its  sharp  peak— the  sharpest  in 
all  the  view  from  Washington.  If  visible  at  all  in  smnmer,  it 
woald  be  £eu*  the  faintest  object  in  sight  in  that  direction.  Mt. 
Bine,  Maine:  distance  b1  miles,  position  north  57°  east,  and  half 
way  between  Surprise  and  Monah.  It  is  quite  a  conspicuous 
pyramidal  peak,  and  is  near  Fanuington,  Maine.  It  is  used  as  a 
Coast  Survey  Station. 

Portland,  Maine:  distance  65  miles,  position  south  SI*'  east, 
and  over  the  northern  summit  of  Doublehead.  It  appears  as 
a  low  white  hill,  with  a  long  light  blue  line  beyond  it.  With  a 
telescope  the  hill  resolves  itself  into  a  mass  of  closely  packed  white 
houses,  and  the  blue  line  is  seen  to  be  thickly  studded  with  sails. 
The  Ocean,  however,  is  not  as  often  seen  as  some  more  distant 
objects  in  other  directions,  partly  on  account  of  the  difficulty  of 
distinguishing  distant  water,  and  partly  because  the  atmosphere 
in  this  direction  seems  generally  to  be  somewhat  thicker  than  else- 
where. Lake  Sebago,  Maine :  distance  48  miles,  position  south  48*^ 
east,  and  over  Mt  Gemini.  It  is  14  miles  long,  and  about  1 1  wide. 
Mt.  Agamenticus,  Maine:  distance  80  miles,  position  south  24* 
east.  A  flat  rounded  hill  of  considerable  height  in  the  southero 
part  of  Maine,  and  forms  a  conspicuous  landmark  for  sailors. 
Isles  of  Shoals,  coast  of  New  Hampshire :  distance  97  miles,  posi- 
tion south  22**  east.  They  are  very  difficult  to  see,  and  are  situa- 
ted on  the  horizon  just  to  the  right  of  Agamenticus.  Mt.  Unca- 
noonuc.  New  Hampshire:  distance  92  miles,  position  south  9^ 
west,  and  half  way  between  Mts.  Crawford  ana  Passaconnaway. 
Twin  summits  near  Manchester.  Mt.  Wachusett,  Massachusetts ; 
distance  126*5  miles,  position  south  IS*'  west,  and  just  to  the  right 
of  Whiteface,  if  it  is  visible.  Mt.  Monadnock,  New  Hampshire : 
distance  104*5  miles,  position  south  22*^  west,  and  a  little  to  l^e 
right  of  Sandwich  Dome.  A  very  regular  rounded  summit.  Mi. 
Kearsarge,  New  Hampshire:  distance  70  miles,  position  south  24"^ 
west,  and  half  way  between  Sandwich  Dome  and  Carrigain. 

Mt.  Gray  lock,  western  Massachusetts:  distance  147  miles,  posi- 
tion south  40*^  west,  and  just  over  the  summit  of  Mt.  Webster.  It 
has  a  pointed  summit  and  is  situated  in  the  northwest  comer  of 
Massachusetts,  near  the  Hoosao  Tunnel,  and  is  the  highest  moun- 
tain in  the  State,  being  3,505  feet  high,  or  about  the  same  as  Oho- 
oorua.  It  is  extremely  difficult  to  see,  as  it  is,  next  to  Katahdin, 
the  most  distant  point  visible.  The  Guide  Book  says  it  is  160 
miles  distant ;  this,  however,  is  an  error. 

Mt.  Ascutney^  Vermont :  distance  85  miles,  position  south  45^ 
west.    Situiited  in  Windsor,  Vermont,  close  to  the.  Connecticut 
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River.  Killington  Peaks,  Green  Mountains:  distance  91  miles, 
position  south  59**  west,  and  between  Mts.  Liberty  and  Blue. 
Twin  peaked  summits  near  Rutland,  Vermont.  Camel's  Hump, 
Green  Mountains :  distance  80  miles,  position  north  87°  west,  and 
just  over  Bethlehem  Street.  It  is  a  striking  looking  mountain, 
shaped  like  a  truncated  cone,  with  very  steep  iides.  Keadily  visi- 
ble at  sunset  on  a  clear  day.  Mt.  Whiteface,  Adirondack  Moun- 
tains: distance  130  miles,  position  north  86°  west.  It  is  just 
barely  visible,  hardly  rising  above  the  right  hand  slope  of  CamePs 
Hump.  This  is  one  of  the  highest  of  the  Adirondacks,  rising  to  a 
heieht  of  4,900  feet.  Two  lower  peaks  are  seen  just  to  the  right, 
and  three  more  some  distance  to  the  left.  These  however  have 
not  yet  been  identiBed,  but  if  Mt.  Marcy  and  any  of  the  other 
higher  summits  are  visible,  they  should  appear  al>out  7°  to  the 
south  of  Whiteface  and  nearlv  over  the  Fabyan  House.  Mt. 
Mansfield,  Green  Mountains:  distance  78  miles,  position  north  78° 
west,  and  between  the  twin  Mountain  House  and  Mt.  Deception. 
It  is  the  highest  of  the  Green  Mountains,  being  4,800  feet  high,  and 
appears  as  a  long  ridge  bearing  a  fancied  resemblance  to  a  human 
fece. — Appalaehia^  No.  2,  March,  1877. 

8.  CatUion  to  ArchcBologists. — ^The  Archseologioal  Section  of 
the  Academv  of  Sciences  of  St.  Louis  has  issued  a  circular  dated 
St.  Louis,  Mo.,  June  12,  1877,  calling  the  attention  of  all  lovers 
of  science  to  the  following  statement  of  facts : — 

*^It  is  well  known  to  all  Archaeologists  that  the  Mississippi 
Valley  contains  a  greater  number  of  pre-historic  remains  than  any 
other  portion  of  the  United  States.  It  is  the  object  of  this  Section 
to  preserve  these  relics  from  destruction,  and  to  keep  such  a  record 
of  their  discovery  and  exhumation,  as  may  render  them  available 
for  scientific  purposes.  They  find  this  work  very  much  impeded 
hj  the  operations  of  persons,  who,  under  the  direction  of  unprin- 
cipled traders,  in  this  and  other  cities,  are  destroying  in  every 
direction  the  most  interesting  earthworks  and  other  remains  of 
the  ancient  races,  with  the  sole  object  of  making  money  by  the 
sale  of  such  articles  as  may  be  found  therein. 

Attention  is  also  called  to  the  fact,  that  imitations  of  the  pottery 
from  the  Missouri  Mounds  are  also  being  manufactured,  and  offered 
for  sale  as  genuine  anti<^uities.  All  who  purchase  collections  from 
dealers  thus  obtain  specimens  that  may  be  worthless ;  or,  at  best, 
have  a  greatly  denreciated  value,  from  the  absence  of  the  scien- 
tific data  connectea  with  their  discovery. 

To  remedy  this  evil  as  far  as  possible,  the  Section  has  employed 
properly  qualified  persons  to  conduct  explorations  under  their 
especial  direction,  and  is  willing  to  furnish  to  scientific  bodies,  or 
individuals  interested  in  Archsdology,  specimens  from  the  dupli- 
cates of  its  collection,  either  in  exchange  for  articles  from  otner 
localities,  or  by  sale  at  a  price  sufficient  only  to  cover  the  cost  of 
procuring  them.  It  is  hoped  that  all  who  are  desirous  of  promot- 
ing the  interests  of  scientific  enquiry,  will  aid  the  Section  in  its 
efforts,  by  refusinj;  to  purchase,  or  in  any  way  countenance  the 
mercenary  traffic  m  antiquities.'^ 


Digitized  by  VjOOQIC 


|S34  MiaceUan£0U8  Inielligence, 

The  Secretary  of  the  Society  is  Mr.  F.  F.  Hilder,  604  Noitb 
Fourth  Street,  St.  Louis. 

4.  Wilson  :  Handbook  of  Hygiene  and  Samtary  Science^  3d 
edition,  enlarged  and  re-written.  490  pp.  12ma  FhiladelphiA, 
1877.  (Lindsay  and  Blakiston.) — ^Dr.  Wuson's  well-knowo  work 
is  now  placed,  in  its  original  English  dress,  before  American 
xeaders.  This  is  a  clear,  concise  and  sufficiently  full  description 
of  the  entire  range  of  Sanitary  Science,  by  a  man  of  large 
experience  as  a  health  officer  in  the  public  service  in  Great 
Britain.  The  author  has  no  pet  theories  to  sustain  and  conse- 
quently is  able  to  give  to  all  matters  falling  under  his  review  a 
fair  consideration,  while  constant  reference  is  made  to  aathoritiefl 
for  fuller  data  than  the  limits  of  his  work  could  admit.  Tlie 
subjects  are  treated  in  a  systematic  manner  and  the  style  makes 
agreeable  reading  of  even  the  most  technical  portions.         b.  a. 

6.  JSritiah  Association. — The  meeting  of  the  British  Associatkm 
for  1877,  opened  at  Plymouth,  on  Wednesday,  the  15th  of  Augusi, 
and  the  address  of  the  President,  Professor  Allen  Thomsoo,  was 
delivered  on  the  evening  of  that  day.  The  address  of  F.  Gakon 
before  the  section  of  Anthropology,  and  that  of  Mr.  Pengelly 

blish< 


befoi*e  that  of  Geology,  are  republished  on  the  preceding  pages 
of  this  volume,  from  Nalure  of  August  16  and  23.  Sir  William 
Thomson  pi*esented  a  paper  advocating  the  doctrine  so^ested 
briefly  in  his  Presidential  address  of  1875,  that  a  meteorite  Blight 
become  the  vehicle  of  animal  life  to  this  earth  from  another  planet 
or  heavenly  body,  and  "  was  evidently  listened  to  with  much  enjoy- 
ment.^'  Much  amusement  was  caused  by  his  saying  that  ^'  though 
the  outside  shell  of  a  meteoric  stone  might  be  incandescent  from  the 
friction  caused  by  its  flight  through  the  terrestrial  atmosphere, 
vet  within  a  crevice  of  that  stone  mi^ht  be  concealed  a  Ck>i^rado 
beetle,  which,  falling  on  the  earth,  mi^ht  become  the  father  of  a 
large  and  prosperous  family."  A  disbeliever  in  the  doctrine, 
^Professor  Haughton,  followed  with  objections,  but  said  '^  that  still 
he  didn't  care  how  many  papa  beetles  came,  so  long  as  the  mamma 
beetles  were  left  at  home."  Among  the  more  valuable  papen 
were  the  following :  on  the  rate  of  progression  of  groups  of  waves, 
and  the  rate  at  which  energy  is  transmitted  by  waves,  oy  Osborne 
Reynolds ;  on  the  effect  of  transverse  stress  on  the  magnetic  sus- 
ceptibility of  iron,  by  Sir  Wm.  Thomson;  unit  of  light  for  pho- 
tometry, by  A.  Vernon  Harcourt ;  on  gallium,  by  Prof.  Odling ; 
a  new  method  for  studying  the  optical  characters  of  minerals,  by 
H.  C.  Sorby;  result  of  tidal  observations  in  the  recent  Arctic 
Expedition,  by  Pro£  Haughton;  also,  bv  the  same,  on  the  best 
possible  number  of  limbs  for  an  animal;  on  the  results  of  the 
!n  orth  German  Exploring  Expedition  in  the  west  of  Siberia,  by 
Dr.  Otto  Finsch ;  on  the  Phvsical  properties  of  solids  and  liquids 
in  connection  with  the  Earth's  structure,  by  Professor  Hennessy. 
It  was  decided  that  the  fiftieth  or  jubilee  meeting  of  the  Asso- 
ciation— ^in  1881 — be  held  in  Tork,  in  considers^iion  of  the  £act 
that  its  first  meeting — that  of  1831 — was  at  that  place.  . 
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6.  New  Consiruetians  in  GhaphiecU  SkUics ;  by  EL  T.  Eddt. 
Van  Nostrand,  New  York:  1877.  8vo,  pp.  62  and  9  folding  plates. 
— This  work  is  an  application  of  the  metnods  of  Graphical  Statics 
to  the  arch  rib  with  and  without  joints,  the  suspension  cable,  the 
continuous  girder,  the  retaining  wall,  the  dome,  etc. 

The  following  publications  d  the  IT.  3.  Geological  Surrey  of  the  Territories, 
F.  V.  Hayden  in  charge,  haye  been  reoelTod  and  will  be  noticed  in  another  num* 
ber;  also  other  volumes  whose  titles  follow: 

Ninth  Annual  Report,  embracing  Colorado  and  parts  of  adjacent  Territories, 
being  a  report  of  progress  of  the  exploration  for  the  year  1875,  by  F.  Y.  Hayden. 
827  pp.  Svo.    Washington,  1877. 

Report  of  the  United  States  Geological  Sury^  of  the  Territories,  volume  XL 
Monogn^hs  of  North  American  Rodentia,  by  Elliott  Ooues,  Secretary  and  Natu- 
ralist of  the  Survey,  and  Joel  Asaph  Allen,  Special  Collaborator  of  the  Survey. 
1091  pp.  4to. 

Miscellaneous  Publications. — ^No.  T.  Bthnography  and  Philology  of  the  Hidatsa 
Indians,  by  Washington  Matthews,  Assistant  Surgeon  U.  i^.  A.  239  pp.  8va 
— ^No.  8.  Fur-beaHng  Animals:  A  Monograph  of  Nortii  American  Mustelids, 
by  Elliott  Coues,  Captain  and  Assistant  Surgeon  U.  S.  A.  348  pp.  8vo,  with 
twenty  plates. 

Bulletin  of  the  IT.  S.  GeologiciBl  and  Geographical  Survey  of  the  Territories. 
Volume  in,  Number  4,  August  6tii,  1877. 

Bulletin  of  the  U.  S.  National  Museum ;  No.  8. — ^Index  to  the  names  which' 
have  been  applied  to  the  subdivisions  of  the  class  Brachiopoda,  by  W.  H.  DalL 
88  pp.  Svo.    Washington,  1877. 

China :  Brgebnisse  eigener  Reisen  und  darauf  gegrfindeter  Studien  von  Fer- 
dinand Freiherm  von  Richthofen;  Band  I,  768  pp.  4to,  Beriin  (New  York,  L.  W. 
Schmidt). 

Mesmerism,  Spiritualism,  etc.  Historically  and  scientifically  considered;  be- 
ing two  Lectures  delivered  at  the  London  Institution,  by  William  B.  Carpenter, 
C.B.,  etc.     168  pp.  8vo.    New  York,  1877.    (D.  Appleton  k  Co.) 

Proceedings  of  the  Davenport  Academy  of  Natural  Sciences,  Yolnme  I,  Part  I ; 
January,  1876 — June,  1877.    Davenport,  Iowa. 

Jahres-Bericht  des  Naturhistorischen  Yereins  von  Wisconsin  fOr  das  Jahr 
1876-77.    MUwaukee. 

The  Western  Review  of  Science  and  Industry,  by  Theodore  S.  Case.  A  monthly 
of  64  pages,  published  at  Kansas  City,  Missouri,  popular  in  its  character. 

Prooeedings  of  the  American  Association  for  the  Advancement  of  Science. 
Twenty-fifth  meeting,  held  at  BufEalo,  N.  Y.,  August,  1876.    368  pp.  8vo.     1877. 

OBITUARY. 

Professor  Henry  Newton,  E.M.,  Ph.D.,  Professor  elect  of  Min- 
ing Engineering  and  Metallurgy  of  the  Agricultural  and  Mechan- 
icS  College  of  Ohio,  at  Columbus,  died  at  Deadwood,  Dak.,  on 
August  5th,  in  the  32d  year  of  his  age.  Professor  Newton  was 
engaged  in  a  geological  examination  of  the  Black  Hills,  which, 
begun  two  years  ago,  as  Assistant  Geologist  to  the  United  States 
Black  Hills  Expedition  of  the  Interior  Department.  He  was  en- 
deavoring to  bring  to  completion  this  season,  under  the  auspices 
of  that  branch  of  the  geological  explorations  of  the  territories,  in 
charge  of  Major  Powell  Meanwhile  Professor  Newton,  with 
great  assiduity,  had  prepared  a  foil  report  of  his  geological  study 
of  that  region,  with  plates  of  fossils,  and  numerous  drawings  of 
sections  and  other  important  illustrations.  The  publication  of  this 
valuable  report  by  the  department,  as  it  has  more  than  once  hap- 
pened before  with  other  reports  of  the  same  kind,  had  been  griev- 
ously delayed — ^much  to  the  annoyance  and  disappointment  of  its 
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young  and  entbiisiastic  author,  ^bose  health  became  impaired 
under  such  an  additional  strain  upon  his  nervous  system,  immedi- 
ately after  very  close  confinement  to  oflSce-work.  Uninitiated  in 
the  ways  of  the  departments  at  Washington,  Professor  Newton 
found  no  means  to  proceed  to  the  publication  of  his  report  for 
many  months  after  its  date—of  the  disadvantage  of  which  cir- 
cumstance he  was  no  less  conscious,  than  apprehensive  of  the  like- 
lihood of  having  devoted  two  years  of  sohd  work  to  no  purpose. 
Its  publication  was  provided  for  last  spring,  as  a  part  of  the  series 
of  reports  of  seolo^ical  explorations  of  the  territories  in  charge  of 
Major  Powell.  With  the  object  of  bringing  his  work  down  to 
date,  and  of  revising  it  by  the  light  of  recent  industrial  develop- 
ments, Professor  Newton  returned  this  season  to  the  Black  Illllfi, 
where  he  was  fatally  stricken  with  mountain  fever,  while  prose- 
cuting his  work. 

Professor  Newton  was  for  a  number  of  years  attached  to  the 
School  of  Mines  of  Columbia  College,  where  he  received  his  degrees 
and  was  Assistant  in  Geology.  During  the  same  period  he  did 
excellent  service  upon  the  Geological  Survey  of  Ohio.      j.  p.  k. 

MosBs  Strong,  Assistant  Geologist  in  the  Geological  Survey  of 
Wisconsin,  died  on  the  18th  of  last  August.  Mr.  Strong  was  en- 
gaged in  a  geological  examination  of  the  branches  of  the  Chip- 
pewa River,  and  was  endeavoring  to  pass  in  a  skiff  some  rapids 
on  the  Flambeau  branch,  when  the  boat  was  upset,  and  he  was 
drowned  in  an  attempt  to  save  a  young  companion  who  was  una- 
ble to  swim.  Earlier  in  the  season,  he  had  explored  a  large  tract 
occupied  by  the  copper-bearing  formation  in  the  region  of  the 
Upper  St.  Croix  River,  and  had  examined  the  Huronian  fonii»- 
tion  of  Barron  County,  and  just  before  his  last  excursion  in  behalf 
of  the  Geological  Survey,  he  had  revised  the  proof  of  his  contri- 
bution to  the  forthcoming  Report  of  the  Geological  Survey  on 
his  results  of  the  year  past.  He  had  also  completed  and  revised 
the  proofs  of  his  report  on  the  Lead  resion, ''  which  is  accompanied 
by  a  series  of  topographical  and  geological  maps  that  have  com- 
manded the  unqualified  admiration  of  all  who  have  seen  them.'' 
Professor  T.  C.  Chamberlain,  the  director  of  the  survey,  states 
further,  that  "  as  a  co-laborer  in  the  scientific  investigation  of  the 
structure  of  the  State,  he  enjoyed  the  unhesitating  confidence  and 
admiration  of  his  associates.  In  character  he  was  modest  and 
unassuming,  and  commanded  respect  rather  by  the  merits  he 
could  not  conceal  than  by  any  that  were  assumed.  To  attractive 
personal  traits  he  added  an  integrity  that  was  absolutely  above 
question  and  a  candor  and  honesty  of  expression  that  was  emi- 
nent." 

Mr.  Strong,  after  graduation  at  Tale  College,  with  the  class  of 
1867,  pursued  scientific  studies  at  a  German  University,  and  had 
thus  thoroughly  fitted  himself  for  the  work  in  which  he  was  en- 
gaged.    He  leaves  a  young  wife  and  children. 

Professor  Adolf  Erman,  an  eminent  German  physicist,  Pro- 
fessor in  the  Berlin  University,  died  on  the  13th  of  July,  at  ttra 
age  of  seventy-one. 
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Abt.  XTiTT, — Iniroditction  and  Succession  of  Vertebrate  Life  in 
America;  by  O.  C.  Marsh. 

[Address  before  the  Amerioan  Assooiatioii  for  the  Advanoement  of  Scienoei  at 
Nashville,  Teim.,  August  30,  187*7.] 

The  origin  of  life,  and  the  order  of  succession  in  which  its 
various  forms  have  appeared  upon  the  earth,  oflTer  to  science 
its  most  inviting  and  most  difficult  field  of  research. 
Although  the  primal  origin  of  life  is  unknown,  and  may  per- 
haps never  be  known,  yet  no  one  has  a  right  to  say  how  much 
of  the  mystery  now  surrounding  it  science  cannot  remova 
It  is  certainly  within  the  domain  of  science  to  determine  when 
the  earth  was  first  fitted  to  receive  life,  and  in  what  form  the 
earliest  life  began.  To  trace  that  life  in  its  manifold  changes 
through  past  ages  to  the  present  is  a  more  difficult  task,  but 
one  from  which  modem  science  does  not  shrink.  In  this  wide 
field,  every  earnest  effort  will  meet  some  d^ree  of  success ; 
every  year  will  add  new  and  important  facts;  and  every 
generation  will  bring  to  light  some  law,  in  accordance  with 
which  ancient  life  has  been  changed  into  life  as  we  see  it 
around  us  to-day.  That  such  a  development  has  taken  place, 
no  one  will  doubt  who  has  carefully  traced  any  single  group 
of  animals  through  its  past  history,  as  recorded  in  the  crust  of 
the  earth.  The  evidence  will  be  especially  conclusive,  if  the 
group  selected  belongs  to  the  higher  forms  of  life,  which  are 
sensitive  to  every  change  in  their  surroundings.  But  I  am  sure 
I  need  offer  here  no  argument  for  evolution ;  since  to  doubt 
Am.  Joub.  Sot.— Third  Sbribs,  Vol.  XIV,  No.  88.— Nov.,  1877. 
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evolution  to-day  is  to  doubt  science,  and  science  is  only  another 
name  for  truth. 

Taking,  then,  evolution  as  a  key  to  the  mysteries  of  past  life 
on  the  earth,  I  invite  your  attention  to  the  subject  I  have 
chosen :  The  Introduction  and  Succession  of  Vebtebrate 
Life  in  America. 

In  the  brief  hour  allotted  to  me,  I  could  hardly  hope  to  give 
more  than  a  very  incomplete  sketch  of  what  is  now  Known  on 
this  subject.  I  shall,  therefore,  pass  rapidly  over  the  lower 
groups,  and  speak  more  particularly  of  the  higher  vertebrate, 
which  have  an  especial  interest  to  us  all,  in  so  far  as  they 
approach  man  in  structure,  and  thus  indicate  his  probable 
origin.  These  higher  vertebrates,  moreover,  are  most  important 
witnesses  of  the  past,  since  their  superior  organization  made 
them  ready  victims  to  slight  climatic  changes,  which  would 
otherwise  have  remained  unrecorded. 

In  considering  the  ancient  life  of  America,  it  is  important  to 
bear  in  mind  that  I  can  only  offer  you  a  brief  record  of  a  few 
of  the  countless  forms  that  once  occupied  this  continent  The 
review  I  can  bring  before  you.  will  not  be  like  that  of  a  great 
army,  when  regiment  after  regiment  with  full  ranks  moves  by 
in  orderly  succession,  until  the  entire  host  has  passed.  My 
review  must  be  more  like  the  roll-call  after  a  battle,  when  only 
a  few  scarred  and  crippled  veterans  remain  to  answer  to  their 
names.  Or  mther,  it  must  resemble  an  array  of  relics,  dug 
from  the  field  of  some  old  Trojan  combat,  long  after  the  con- 
test, when  no  survivor  remains  to  tell  the  tale  of  the  strife. 
From  such  an  ancient  battle-field,  a  Schlieraann  might  unearth 
together  the  bronze  shield,  lance-head,  and  gilded  helmet  of  a 
prehistoric  leader,  and  learn  from  them  with  certainty  his  race 
and  rank.  Perhaps  the  skull  might  still  retain  the  barbaric 
stone  weapon  by  which  his  northern  foe  had  slain  him.  Near 
by,  the  explorer  might  bring  to  light  the  commingled  coat  of 
mail  and  trappings  of  a  horse  and  rider,  so  strangely  difierent 
from  the  equipment  of  the  chief,  as  to  sugjgest  a  foreign  ally. 
From  these,  and  from  the  more  common  implements  of  war 
that  fill  the  soil,  the  antiquary  could  determine,  by  patient 
study,  what  nations  fought,  and,  perhaps,  when,  and  why. 

By  this  same  method  of  research,  the  more  ancient  strata 
of  the  earth  have  been  explored,  and,  in  our  Western  wilds, 
veritable  battle-fields,  strown  with  the  fossil  skeletons  of  the 
slain,  and  guarded  faithfully  by  savage  superstition,  have  been 
despoiled,  yielding  to  science  treasures  more  rare  than  bronze 
or  gold.  Without  such  spoils,  from  many  fields,  I  could  not 
have  chosen  the  present  theme  for  my  address  to-night 
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According  to  present  knowledge,  no  vertebrate  life  is  known 
to  have  existed  on  this  continent  in  the  Archaean,  Cambrian,  or 
Silurian  periods ;  yet  during  this  time,  more  than  half  of  the 
thickness  of  American  stratified  rocks  was  deposited.  It  by 
no  means  follows  that  vertebrate  animals  of  some  kind  did  not 
exist  here  in  those  remote  ages.  Fishes  are  known  from  the 
Upper  Silurian  of  Europe,  and  there  is  every  probability  that 
they  will  yet  be  discovered  in  our  strata  of  the  same  age,  if  not 
at  a  still  lower  horizon. 

In  the  shore  deposits  of  the  early  Devonian  sea,  known  as 
the  Schoharie  Grit,  characteristic  remains  of  Fishes  were  pre- 
served, and  in  the  deeper  sea  that  followed,  in  which  the 
Qomifei'ous  limestone  was  laid  down,  this  class  was  well 
represented.  During  the  remainder  of  the  Devonian,  Fishes 
continue  abundant  in  the  shallower  seas,  and,  so  far  as  now 
known,  were  the  only  type  of  vertebrate  life.  These  fishes 
were  mainly  Ganoids,  a  group,  represented  in  our  present 
watei's  by  the  Gar-pike  {Lepidosieus)  and  Sturgeon  {Acipenser\ 
but,  in  the  Devonian  sea,  chiefly  by  the  Placooerms,  the  exact 
affinities  of  which  are  somewhat  in  doubt  With  these  were 
Elasmobranchs,  or  the  Shark  tribe,  and  among  them  a  few 
Chimaeroids,  a  peculiar  type,  of  which  one  or  two  members  still 
survive.  The  Placoderms  were  the  monarchs  of  the  ocean.  All 
were  well  protected  by  a  massive  coat  of  armor,  and  some  of 
them  attained  huge  dimensions.  The  American  Devonian  fishes 
now  known  are  not  as  numerous  as  those  of  Europe,  but  they 
were  larger  in  size,  and  mostly  inhabitants  of  the  open  sea. 
Some  twenty  genera  and  forty  species  have  been  descrioed. 

The  more  important  genera  of  Placoderms  are,  Dinichthys^ 
Aspidichthys,  and  DiplognathuSj  our  largest  Palaeozoic  fishes. 
Others  are,  Acanthaspis,  Acantholepis,  Coccosteus,  Macropetalich- 
thys^  and  Onychodus.  Among  the  Elasmobranchs  were,  Clado- 
dus^  Ctenacanthus,  Machmracanthus^  KhynchoduSy  and  Ptyctodus^ 
the  last  two  being  regarded  as  Chimaeroids.  In  the  Chemung 
epoch,  the  great  Dipterian  family  was  introduced  with  Diptertis, 
Heliodus^  and  possibly  Ceratodus.  Species  of  the  European 
genera,  Bothriohpis  and  Holoptychixxs^  have  likewise  been  found 
in  our  Devonian  deposits. 

With  the  close  of  the  Devonian,  came  the  almost  total  extinc- 
tion of  the  great  group  of  Placoderms,  while  the  Elasmobranchs, 
which  had  hitherto  occupied  a  subordinate  position,  increase  in 
numbers  and  size,  and  appear  to  be  represented  by  Sharks, 
Bays,  and  Chimaeras.  Among  the  members  of  this  group  from 
the  Carboniferous,  were  numerous  Cestracionts,  species  of 
Cochliodus  of  large  size,  with  others  of  the  genera  DeUodus^ 
Helodiu%  Psammodus  and  Sandalodus.  Of  the  Petalodonts, 
there  were  Antliodtts,  Chomatodvs^  Ctenoptychius^  Petalodtis  and 
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Petalorhynchits ;  and  of  the  Hybodonts,  the  genera  Ctadodus, 
Carcharopsis  and  Diplodus,  These  Elasmobranchs  were  the 
rulers  of  the  Carboniieroua  open  sea,  and  more  than  one  hun- 
dred species  have  been  found  in  the  lower  part  of  this  forraa- 
tion  alone.  The  Ganoids,  although  still  abundant,  were  of 
smaller  size,  and  denizens  of  the  more  shallow  and  confined 
waters.  The  latter  group  of  fishes  was  represented  by  true 
Lepidostidae,  of  the  genera  Palceonisctis,  Amblypterus,  Platyso- 
mtis  and  JSurylepis.  Other  genera  are,  Rhizodus,  Megalichthys^ 
Ctenodus,  Edestus^  Orodus^  Cterijacanihus^  OyracanAua^  and  Cdda- 
canihus.    Most  of  these  genera  occur  also  in  Europe. 

From  the  Permian  rocks  of  America,  no  verteorate  remains 
are  known,  although  in  the  same  formation  of  Europe  Ganoids 
are  abundant;  and  with  them  are  remains  of  Sharks,  and  some 
other  fishes,  the  aflSnities  of  which  are  doubtful.  The  PaUeo- 
zoic  fishes  at  present  known  from  this  country  are  quite  as 
numerous  as  those  found  in  Europa 

In  the  Mesozoic  age,  the  Fishes  of  America  begin  to  show  a 
decided  approach  to  those  of  our  present  watera  From  the 
Triassic  rocks.  Ganoids  only  are  known,  and  they  are  all  more 
or  less  closely  related  to  the  modem  Gar-pike,  or  Lepidosieus, 
They  are  of  small  size,  and  the  number  of  individuals 
preserved  is  very  large.  The  characteristic  genera  are,  Catop- 
te7'm,  Ischypierus^  Ptycholepia^  Rhabdolepia^  and  Turseodua. 
From  the  tfurassic  deposits,  no  remains  of  fishes  are  known, 
but  in  the  Cretaceous,  ichthyic  life  assumed  many  and 
various  forms;  and  the  first  representatives  of  the  Teleosts, 
or  bony  fishes,  the  characteristic  fishes  of  to-day,  make 
their  appearance  In  the  deep  open  sea  of  this  age,  Elas- 
mobranchs were  the  prevailing  forms.  Sharks  and  Chimaeroids 
beinff  most  numerous.  In  the  great  inland  Cretaceous  sea  of 
North  America,  true  osseous  fishes  were  most  abundant,  and 
among  them  were  some  of  carnivorous  habits,  and  immense 
size.  The  more  sheltered  bays  and  rivers  were  shared  by  the 
Ganoids  and  Teleosts,  as  their  remains  testify.  The  more 
common  genera  of  Cretaceous  Elasmobranchs  were,  Otodus^ 
Oxyrhina,  OaleocerdOj  Lamna  and  Ptychodua.  Among  the 
osseous  fishes,  Beryx^  JEnchodus,  Portkeus  and  Saurocephalus 
were  especiallv  common,  while  the  most  important  genus  of 
Ganoids  was  Lepidoitcs. 

The  Tertiary  fishes  are  nearly  all  of  modem  types,  and  from 
the  beginning  of  this  period  there  was  comparatively  little 
change.  In  the  marine  beds.  Sharks,  Rays  and  Chimaeroids 
maintained  their  supremacy,  although  Teleosts  were  abundant, 
and  many  of  them  of  large  size.  Tne  Ganoids  were  compara- 
tively few  in  number.  In  the  earliest  Eocene  fi^esh-water 
deposits,  it  is  interesting  to  find  that  the  modem  Gkur-pike, 


Digitized  by  VjOOQIC 


0.  C.  Marsh —  VertArate  Lift  in  America.  841 

and  Amta,  the  Dog-fish  of  our  western  lakes,  which  by  their 
structure  are  seen  to  be  remnants  of  a  very  early  type,  are 
well  represented  by  species  so  closely  allied  to  them  that  only 
an  anatomist  could  separate  the  ancient  from  the  modem.  In 
the  succeeding  beds,  these  fishes  are  still  abundant,  and  with 
them  are  Siluroids  nearly  related  to  the  modem  Cat-fish 
{Pimelodus).  Many  small  fishes,  allied  apparently  to  the 
modem  herring  (Clupea),  left  their  remains  in  great  numbers 
in  the  same  deposits,  and,  with  them  has  been  recently  found 
a  land-locked  Kay  {Heliobatis). 

The  almost  total  absence  of  remains  of  fishes  from  the  Mio- 
cene lake-basins  of  the  West  is  a  remarkable  fact,  and  perhaps 
may  best  be  explained  by  the  theory  that  these  inland  waters, 
like  many  of  tne  smaller  lakes  in  the  same  region  to-day,  were 
so  impregnated  with  mineral  matters  as  to  render  the  existence 
of  vertebrate  life  in  tbem  impossible  No  one  who  has  tasted 
such  waters,  or  has  attempted  to  ford  one  of  the  modem  alkaline 
lakes  which  are  often  met  with  on  the  })resent  surface  of  the 
same  deposits,  will  doubt  the  efficiency  of  this  cause,  or  the 
easy  entombment  of  the  higher  vertebrates  that  ventured  within 
their  borders.  In  the  Pliocene  lake-basins  of  the  same  region, 
remains  of  fishes  were  not  uncommon,  and  in  some  of  them  are 
very  numeroua  These  are  all  of  modem  types,  and  most  of 
them  are  C  vprinoids,  related  tp  the  modem  Carp.  The  Post- 
pliocene  fishes  are  essentially  those  of  to-day. 

In  this  brief  synopsis  of  the  past  ichthyic  life  of  this  Conti- 
nent, I  have  mentioned  only  a  few  of  the  more  important  facts, 
but  sufficient,  I  trast,  to  give  an  outline  of  its  history.  Of  this 
history,  it  is  evident  that  we  have  as  yet  only  a  very  imperfect 
record.  We  have  seen  that  the  earliest  remains  of  fishes 
known  in  this  country,  are  from  the  lower  Devonian  ;  but  these 
old  fishes  show  so  great  a  diversity  of  form  and  structure,  as 
to  clearly  indicate  for  the  class  a  much  earlier  origin.  In  this 
connection,  we  must  bear  in  mind  that  the  two  lowest  groups 
of  existing  fishes  are  entirely  without  osseous  skeletons,  and 
hence,  however  abundant,  would  leave  no  permanent  record  in 
the  deposits  in  which  remains  of  fishes  are  usually  preserved. 
It  is  safe  to  infer,  fix>m  the  knowledge  which  we  now  possess 
of  the  simpler  forms  of  life,  that  even  more  of  the  early  fishes 
were  cartilaginous,  or  so  destitute  of  hard  parts  as  to  leave  no 
enduring  traces  of  their  existenca  Without  positive  knowledge 
of  such  forms,  and  considering  the  great  diversity  of  those  we 
have,  it  would  seem  a  hopeless  task  at  present  to  attempt 
to  trace  successfully  the  genealogy  of  this  class.  One  line, 
however,  appears  to  be  direct,  from  our  modern  Qarpike, 
through  the  lower  Eocene  Lepidosteus  to  the  Lepidotus  of  the 
Cretaceous,  and  perhaps  on  through  the  Triassic  Ischypterus 
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and  Carboniferous  PalxBoniscus ;  but  beyond  this,  in  our  rocks, 
it  is  lost  The  living  Chimaera  of  our  racific  coast  has  nearly 
allied  forms  in  the  Tertiary  and  Cretaceous,  more  distant  rela- 
tives in  the  Carboniferous,  and  a  possible  ancestor  in  the 
Devonian  Rhynchodus,  Our  Sharks  likewise  can  be  traced 
with  some  certainty  back  to  the  Palaeozoic ;  and  even  the 
LepidqsireTij  of  South  America,  although  its  immediate  pre- 
decessors are  unknown,  has  some  peculiar  characters  which 
strongly  point  to  a  Devonian  ancestry.  These  suggestive  lines 
indicate  a  rich  field  for  investigation  in  the  ancient  life-history 
of  American  fishes. 

The  Amphibians,  the  next  higher  class  of  vertebrates,  are  so 
closely  related  to  the  fishes  in  structure,  that  some  peculiar 
forms  of  the  latter  have  been  considered  by  anatomists  as 
belonging  to  this  group.  The  earliest  evidence  of  Amphibian 
existence,  on  this  contment,  is  in  the  Sub-Carboniferous,  where 
foot-prints  have  been  found  which  were  probably  made  by 
Labvrinthodonts,  the  most  ancient  representatives  of  the  clas& 
Well  preserved  remains  are  abundant  in  the  Coal  Measures, 
and  show  that  the  Labyrinthodonts  differed  in  important  par- 
ticulars from  all  modem  Amphibians,  the  group  which  includes 
our  frogs  and  salamanders.  Some  of  tnese  ancient  animals 
resembled  a  salamander  in  shape,  while  others  were  serpent-like 
in  form.  None  of  those  yet  discovered  were  frog-like,  or  without 
a  tail,  although  the  restored  Labyrinthodont  of  the  text  books 
is  thus  represented.  All  were  protected  by  lai'ge  pectoral 
bony  plates,  and  an  armor  of  small  scutes  on  the  ventral  surface 
of  the  body.  The  walls  of  their  teeth  were  more  or  less  folded, 
whence  the  name  Labyrinthodont.  The  American  Amphib- 
ians known  from  osseous  remains  are  all  of  moderate  size, 
but  the  foot-prints  attributed  to  this  group  indicate  animals 
larger  than  any  of  the  class  yet  found  in  the  old  world.  The 
Carboniferous  Amphibians  were  abundant  in  the  swampy  trop- 
ical forests  of  that  period,  and  their  remains  have  been  found 
imbedded  in  the  coal  then  deposited,  as  well  as  in  hollow 
stumps  of  the  trees  left  standing. 

The  principal  genera  of  this  group  from  American  Car- 
boniferous rocks,  are,  Sauropus,  known  only  from  footprints, 
BapheieSy  Dendrerpeton,  Hyhnomus^  Hylerpeton^  Baniceps,  PelioUj 
Leptophracius^  Molgophis^  Piyonius,  Amphibamus^  Cbcytinus,  and 
Ceraterpeton,  The  last  genus  occurs  also  in  Europe.  Certain  of 
these  genera  have  been  considered  by  some  writers  to  be  more 
nearly  related  to  the  Lizards,  among  true  reptiles.  Some  other 
genera  known  from  fragmentary  remains  or  footprints  in  this 
lormation  have  likewise  been  referred  to  the  true  reptiles,  but 
this  question  can  perhaps  be  settled  only  by  future  discoveries. 

No  Amphibia  are  known  from  American  Permian  strata,  but 
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in  the  Triassic,  a  few  characteristic  remains  have  been  found. 
The  three  genera,  Dictyocephalus,  Dispelor  and  Pariostegus,  have 
been  described,  but,  although  apparently  all  Labyriniho- 
donts,  the  remains  preserved  are  not  sufficient  to  add  much  to 
our  knowledge  of  the  group.  The  Triassic  foot-prints  which 
have  been  attributed  to  Amphibians  are  still  more  unsatis- 
factory, and  at  present  no  important  conclusions  in  regard  to 
this  class  can  be  based  upon  them.  From  the  Jurassic  and 
Cretaceous  beds  of  this  Continent,  no  remains  of  Amphibians 
are  known.  A  few  only  have  been  found  in  the  Tertiary, 
and  these  are  all  of  modern  types. 

The  Amphibia  are  so  nearly  allied  to  the  Ganoid  fishes,  that 
we  can  hardlv  doubt  their  descent  from  some  member  of  that 
group.  With  our  present  limited  knowledge  of  the  extinct 
forms,  however,  it  would  be  unprofitable  to  attempt  to  trace  in 
detail  their  probable  genealogy. 

The  authors  to  whom  especial  credit  is  due  for  our  knowl- 
edge of  American  fossil  Pishes  and  Amphibians,  are  New- 
berry, Leidv,  Cope,  Dawson,  Agassiz,  St.  John,  Gibbes,  Wy- 
man,  Bedfieid,  and  Emmons,  and  the  principal  literature  of  the 
subject  will  be  found  in  their  publications. 

Reptiles  and  Birds  form  the  next  great  division  of  ver- 
tebrates, the  Sauropsida,  and  of  these  the  Reptiles  are  the  older 
type,  and  may  be  first  considered.  While  it  may  be  stated 
with  certainty  that  there  is  at  present  no  evidence  of  the  exist- 
ence of  this  group  in  American  rocks  older  than  the  Car- 
boniferous, there  is  some  doubt  in  regard  to  their  appearance 
even  in  this  period.  Various  foot-prints  which  strongly  resem- 
ble those  made  by  Lizards ;  a  few  well  preserved  remains  similar 
to  the  corresponding  bones  in  that  group ;  and  a  few  charac- 
teristic specimens,  nearly  identical  with  those  from  another 
order  of  this  class,  are  known  from  American  Coal  Measures. 
These  facts,  and  some  others  which  point  in  the  sanae  direction, 
render  it  probable  that  we  may  soon  nave  conclusive  evidence  of 
the  presence  of  true  Reptiles  in  this  formation,  and  in  our  over- 
lying Permian,  which  is  essentially  a  part  of  the  same  series. 
In  the  Permian  rocks  of  Europe,  true  Reptiles  have  been 
found. 

The  Mesozoic  Period  has  been  called  the  Age  of  Reptiles, 
and  during  its  continuance  some  of  the  strangest  forms  of  rep- 
tilian life  made  their  appearance,  and  became  extinct  Near 
its  commencement,  while  the  Triassic  shales  and  sandstones 
were  being  deposited,  true  reptiles  were  abundant.  Among 
the  most  characteristic  remains  discovered  are  those  of  the 
genus  Belodon,  which  is  well  known  also  in  the  Trias  of 
Europe.  It  belongs  to  the  Thecodont  division  of  Reptiles, 
which  have  teeth  in  distinct  sockets,  and  its  nearest  affinities 
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are  with  tbe  Crocodilia,  of  which  order  it  may  be  considered 
the  oldest  known  representative.  In  the  same  strata  in  which 
the  Belodonts  occur,  remains  of  Dinosaurs  are  found,  and  it  is 
a  most  interesting  fact  that  these  highest  of  reptiles  should  make 
their  appearance,  even  in  a  generalized  form,  at  this  stage  of 
the  earth's  history.  The  Dinosaurs,  although  true  reptiles  in 
all  their  more  important  characters,  show  certain  well  marked 
points  of  resemblance  to  existing  birds  of  the  order  BatOcBj  a 
group  which  includes  the  Ostriches;  and  it  is  not  improbable 
that  they  were  the  parent  stock  from  which  birds  originated. 

During  Triassic  time,  the  Dinosaurs  attained  in  America  an 
enormous  development  both  in  variety  of  forms  and  in  siza 
Although  comparatively  few  of  their  bones  have  as  yet 
been  discoverea  in  the  rocks  of  this  country,  they  have  left 
unmistakable  evidence  of  their  presence  in  the  foot-prints  and 
other  impressions  upon  the  shores  of  the  waters  which  they 
frequented.  The  Triassic  sandstone  of  the  Connecticut  Valley 
has  long  been  famous  for  its  fossil  foot-prints,  especially  the 
so-called  "bird-tracks,"  which  are  generally  supposed  to  have 
been  made  by  birds,  the  tracks  of  which  many  oi  them  closely 
reseinble.  A  careful  investigation,  however,  of  nearly  all  the 
specimens  yet  discovered,  has  convinced  me  that  there  is  not  a 
particle  of  evidence  that  any  of  these  fossil  impressions  were 
made  by  birds.  Most  of  these  three-toed  tracks  were  certainly 
not  maae  by  birds ;  but  by  quadrupeds,  which  usually  walked 
upon  their  hind  feet  alone,  and  only  occasionally  put  to  the 
ground  their  smaller  anterior  extremities.  I  have  myself 
detected  the  impressions  of  these  anterior  limbs  in  connection 
with  the  posterior  foot-prints  of  nearly  all  of  the  supposed 
"  bird-tracKs"  described,  and  have  little  doubt  that  they  will 
eventually  be  found  with  alL  These  double  impressions  are 
precisely  the  kind  which  Dinosauriau  reptiles  would  make, 
and.  as  the  only  characteristic  bones  yet  found  in  the  same 
rocks  belong  to  animals  of  this  group,  it  is  but  fair  to  attribute 
all  these  foot-prints  to  Dinosaurs,  even  where  no  impressions 
of  fore-feet  have  been  detected,  until  some  evidence  appears 
that  they  were  made  by  Birds.  I  have  no  doubt  that 
Birds  existed  at  this  time,  although  at  present  the  proof  is 
wanting. 

The  principal  genera  of  Triaasic  Reptiles  known  from  osseous 
remains  in  this  country  are,  Amphisaurm  {Megadactylus\ 
from  the  Connecticut  Valley,  BathygnathuSj  from  rrince  Ea- 
ward's  Island,  Behdon  and  Ulepsyaaurxis,  Other  generic  names 
which  have  been  applied  to  foot-prints  and  to  fragmentary 
remains,  need  not  be  here  enumerated,  A  few  remains  of 
Reptiles  have  been  found  in  undoubted  Jurassic  rocks  of 
America,  but  they  are  not  sufl&ciently  well  determined  to  be 
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of  service  in  this  connectioD.  Others  have  been  reported  from 
supposed  Jurassic  strata,  which  are  now  known  to  be  Creta- 
ceoua  It  will  thus  be  seen  that,  although  reptilian  life  was 
especially  abundant  during  the  Triassic  and  Jurassic  periods, 
but  few  bones  have  been  lound.  This  is  owing  in  part  to  the 
character  of  most  of  the  rocks  then  formed,  which  were  not 
well  fitted  for  preserving  such  remains,  although  admirably 
adapted  to  retain  foot-prints. 

During  the  Cretaceous  Period,  Reptilian,  life  in  America 
attained  its  greatest  development,  and  the  sediments  laid  down 
in  the  open  seas  and  estuaries  were  usually  most  favorable  for 
the  preservation  of  a  faithful  record  of  its  various  phases.  With- 
out such  a  perfect  matrix  as  some  of  these  deposits  afibrd,  many 
of  the  most  interesting  vertebrates  recently  brought  to  light 
from  this  formation  would  probably  have  remain^  unknown. 
The  vast  extent  of  these  beds  ensures,  moreover,  many  future 
discoveries  of  interest 

In  the  lowest  Cretaceous  strata  of  the  Rocky  Mountain 
region,  the  Dakota  group,  part  of  which  at  least  represents 
the  Wealden  of  Europe,  remains  of  Chelontaj  or  Turtles,  Croc- 
odiles, and  Dinosaurs  occur,  the  last  being  especially  abun- 
dant The  Chehnia,  although  kn(»wn  from  the  Jurassic  of 
iiurope,  here  appear  for  the  first  time  in  American  rocks. 
Some  of  the  earliest  forms  are  allied  to  the  modem  genus 
Trionyx,  In  the  higher  Cretaceous  beds,  some  Chelonians  of 
enormous  size  have  been  found.  They  belong  to  the  ^enus 
Ailantochelys,  which  has  the  ribs  separate,  as  in  the  existing 
Sphargis^  and  presents  other  embryonic  characters.  A  few 
genera  appear  to  be  related  to  the  modern  genus  Chelone,  The 
remaining  Cretaceous  species  were  mostly  of  the  Emydoid 
type ;  ana  others  were  related  to  Oielydra,  The  more  important 
genera  of  Cretaceous  Chelonians  known  from  characteristic  speci- 
mens are,  Ailaniochelys  {Protostega)^  Adocus,  Bothremys^  Compse- 
mys,  Plastomefius^  Osteopygis,  Propleura,  Lytoloma.  and  Taphros- 
phys.  Most  of  these  genera  were  represented  by  several  species, 
and  the  individuals  were  numerous.  No  land  Tortoises  have  as 
yet  been  found  in  this  formation.  In  American  Tertiary  depos- 
its, Chelonians  are  abundant,  especially  in  the  fresh-water  beds. 
They  all  show  near  affinities  with  modern  types,  and  most  of 
them  can  be  referred  to  existing  genera.  In  the  Tertiary  lake- 
basins  of  the  West,  land  Tortoises  are  very  numerous,  and 
with  them  are  many  fresh-water  forms  of  Trionyx  and  allied 
genera. 

A  striking  feature  of  the  American  Cretaceous  fauna,  as  con- 
trasted with  that  of  Europe,  is  the  almost  entire  absence  in  our 
strata  of  species  of  Ichthyosaurus  and  Plesiosaurus^  which 
abound  in  many  other  regions,  but  here  seem  to  be  replaced  by 
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the  Mosasaurs.  A  few  fragmentary  remains  have  indeed  been 
referred  to  these  genera,  but  the  determination  may  fairly  be 
questioned.  This  is  more  than  true  of  the  proposed  new  order 
Streptosauriaj  which  was  founded  wholly  on  error.  The  order 
Plesiosauria,  however,  is  well  represented,  but  mainly  by  forms 
more  nearly  related  to  the  genus  Pltosaurus  than  to  the  type 
of  the  group.  These  wei-e  marine  reptiles,  all  of  large  size, 
while  some  of  them  attained  vast  dimensions.  So  far  as  at 
present  identified,  they  may  be  referred  to  the  genera,  Oimolio- 
sauries^  Discosaurus  {Efasmosaurus),  and  Pliosaurus.  The  num- 
ber of  species  is  comparatively  few,  and  none  are  known  above 
the  Cretaceous.  The  important  suggestion  of  Gegenbaur,  that 
the  Halisauria,  which  include  the  rlesiosaurs,  branch^  oflF 
from  the  Fishes  before  the  Amphibians,  finds  some  support  in 
American  specimens  recently  discovered. 

The  Eeptiles  most  characteristic  of  our  American  Cretaceous 
strata  are  the  Afosasauria^  a  group  with  very  few  representatives 
in  other  parts  of  the  world.  In  our  Cretaceous  seas,  they  ruled 
supreme,  as  their  numbers,  size,  and  carnivorous  habits,  enabled 
them  to  easily  vanquish  all  rivals.  Some  were  at  least  sixty 
feet  in  length,  and  the  smallest  ten  or  twelve.  In  the  inland 
Cretaceous  sea  from  which  the  Rocky  Mountains  were  begin- 
ning to  emerge,  these  ancient  "  Sea  Serpents"  abounded ;  and 
many  were  entombed  in  its  muddy  bottom.  On  one  occasion, 
as  I  rode  through  a  valley  washed  out  of  this  old  ocean  bed,  I 
saw  no  less  than  seven  difierent  skeletons  of  these  monsters  in 
sight  at  once.  The  Mosasaurs  were  essentially  swimmmg  Liz- 
ards, with  four  well  developed  paddles,  and  they  had  little  affin- 
ity with  modem  serpents,  to  which  they  have  been  compared. 
The  species  are  quite  numerous,  but  they  belong  to  compara- 
tively few  genera,  of  which  Mosasaurus,  Tylosaurus^  Lestosaurus 
and  jEdestosaurus^  have  alone  been  identified  with  certainty.  The 
genus  Mosasaurus  was  first  found  in  Europa  All  the  known 
species  of  the  group  are  Cretaceous. 

The  Crocodilia  are  abundant  in  rocks  of  Cretaceous  age  in 
America,  and  two  distinct  types  are  represented.  The  older 
type,  which  is  foreshadowed  by  Belodon  of  the  Trias,  has  bicon- 
cave vertebrae,  and  shows  marked  affinities  with  the  genos 
Teleosaurus^  from  the  Jura  of  Europe.  The  best  known 
genus  is  Hyposaurus,  of  which  there  are  several  species,  all 
more  or  less  resembling  in  form  the  modern  Qavial  of  the 
Ganges.  A  peculiar  intermediate  form  is  seen  in  Diplosaurusj 
from  the  Wealden  of  the  Rocky  Mountains.  The  second  type, 
which  now  makes  its  appearance  for  the  first  time,  has  pro- 
coelian  vertebrae,  and  in  other  respects  resembles  existing  Croc- 
odiles. The  genera  described  are  Boltosaii^rus,  Hohps  and  Tho- 
racosaurtiSj  none  of  which,  so  far  as  known,  pass  above  the 
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Cretaceoua  Of  Orocodilia  with  opisthocoelous  vertebrse,  Amer- 
ica, so  fiar  as  we  know,  has  nona  Specimens  similar  to  those 
so  termed  in  Europe,  are  not  uncommon  here,  but  they  per- 
tain to  Dinosaurs.  ' 

In  the  Eocene  fresh-water  beds  of  the  West,  Crocodilians 
are  especially  abundant,  and  all,  with  the  exception  of  Limno- 
saurusj  belong  apparently  to  the  genus  Orocodilus^  although 
some  species  show  certain  points  of  resemblance  to  existing 
Alligators.  The  Miocene  lake-basins  of  the  same  region 
contain  no  remains  of  Crocodiles,  so  far  as  known,  and  the 
Pliocene  deposits  have  afforded  only  a  single  species.  The 
Tertiary  marine  beds  of  the  Atlantic  Coast  contain  com- 
paratively few  Crocodilian  remains,  and  all  are  of  modern 
types;  the  genus  Oavialis  having  one  Eocene  species,  and  the 
Alligator  being  represented  only  in  the  latest  deposits. 

It  is  worthy  of  special  mention  in  this  connection,  that  no 
true  Lacertiliay  or  Lizards,  and  no  Ophidia,  or  Serpents,  have 
yet  been  detected  in  American  Cretaceous  beds;  altnough  their 
remains,  if  present,  would  hardly  have  escaped  observation  in 
the  regions  explored.  The  former  will  douotless  be  found,  as 
several  species  occur  in  the  Mesozoic  of  Europe ;  and  perhaps 
the  latter,  although  the  Ophidians  are  apparently  a  more  mod- 
ern type.  In  the  Eocene  lake-basins  of  Western  America,  re- 
mains of  Lizards  are  very  numerous,  and  indicate  species  much 
larger  than  any  existing  to-day.  Some  of  these,  the  Glypiosau- 
ridce^  were  protected  by  a  highly  ornamented  bony  coat  of  mail, 
and  others  were  covered  with  scales,  like  recent  Lizards.  A 
few  resembled,  in  their  more  important  character,  the  modern 
Iguana.  The  genera  best  represented  in  the  Eocene,  are,  Olyp- 
tosaurusj  Iguanavus,  Oreosaunt^j  Thinosaurus^  Tinosaurus  and 
Saniva.  Some  of  these  genem  appear  to  have  continued  into  the 
Miocene,  but  here,  as  well  as  in  the  Pliocene,  few  remains  of 
this  group  have  been  found.  It  is  not  improbable  that  some 
of  our  extinct  Reptiles  may  prove  to  belong  to  RynchocephahXj 
but  at  present  this  is  uncertain.  The  genus  Notosaurits,  from 
Brazil,  nas  biconcave  vertebrae,  and  some  other  characters 
which  point  to  that  group.  No  Dicynodonts  or  Theriodonts 
have  as  yet  been  found  in  this  country. 

The  first  American  Serpents,  so  far  as  now  known,  appear 
in  the  Eocene,  which  contains  also  the  oldest  European  species. 
On  the  Atlantic  border,  the  genus  TUanophis  (Dinophis)  is 
represented  by  several  species  of  large  size,  one  at  least  thirty 
feet  in  length,  and  all  doubtless  inhabitants  of  the  sea.  In  the 
fresh-water  Western  Eocene,  remains  of  snakes  are  abundant, 
but  all  are  of  moderate  size.  The  largest  of  these  were  related 
to  the  modern  Boa  Constrictora  The  genera  described  are 
Boavus^  Lithophis  and  Limnophis.     The  Miocene  and  Pliocene 
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Soakes  from  the  same  region  are  known  only  from  a  few  frag- 
mentary remains. 

The  Pteroaauriaj  or  flying  Lizards,  are  among  the  most 
interesting  Reptiles  of  Mesozoic  time,  and  many  of  them  left 
their  remains  in  the  soft  sediments  of  our  inland  Cretaceoos 
sea.  These  were  veritable  Dragons,  haying  a  spread  of  wings 
of  from  ten  to  twenty-five  feet  They  diflfered  essentially  from 
the  smaller  Pterodactyls  found  in  the  old  world,  in  the  entire 
absence  of  teeth,  showing  in  this  respect  a  resemblance  to 
modern  birds ;  and  they  possess  other  distinctive  cbaract^s. 
They  have  therefore  been  placed  in  a  new  order,  Pteranodoniia, 
from  the  typical  genus  Pteranodon^  of  which  five  specie  are 
known.  The  only  other  genus  is  Nyctosaurus^  represented  bj  a 
sinde  s{)ecies.  All  the  specimens  yet  found  are  froiQ  essen- 
tially the  same  horizon,  in  the  Chalk  of  Kansas.  The  reported 
discovery  of  remains  of  this  order  from  older  formations  m  this 
country  is  without  foundation. 

The  strange  Reptiles  known  as  Dinosaui'ia^  which,  as  we 
have  seen,  were  numerous  during  the  deposition  of  our  Triassie 
shales  and  sandstones,  have  not  yet  been  found  in  American 
Jurassic,  but  were  well  represented  here  throughout  the  Cre- 
taceous, and  at  its  close  became  extinct     These  animals  p>o6sess 
a  peculiar  interest  to  the  anatomist,  since,  although  reptilian 
in  all  their  main  characters,  they  show  clear  affinities   with 
the  Birds,  and  have  some  features  which  may  point  to  Mammals. 
The  Cretaceous  Dinosaurs  were  all  of  large  size,  and  most  of 
them  walked  on  the  hind  feet  alone,  like  modem  Strathious 
birds.     Two  well  marked  types  may  be  distinguished  among 
the  remains  discovered  in  deposits  of  this  age:  the  herbiv- 
orous forms,  represented  mainly  by  Hadrosaurus^  a  near  ^ly  of 
the  Iguanodon  of  Europe;  and  their  carnivorous  enemies,  of 
which  Dryptosaurus  {Loehps)  may  be  considered  typical  in  this 
country,  and  Megalosaums  in  Europe.     Near  the  base  of  our 
Cretaceous  formation,  in  beds  which  I  regard  as  the  equivalent 
of  the  European   VVealden,  the  most  gigantic  forma  of  this 
order  yet  discoveted  have  recently  been  brought  to  li^ht     One 
of  these  monsters  {Titanasaurus  monianus),  from  Colorado,  is 
by  far  the  largest  land  animal  yet  discovered ;  its  dimensions 
being  greater  than  was  supposed  possible,  in  an  animal  that 
Jived  and  moved  upon  the  land.     It  was  some  fifty  or  sixty 
feet  in  length,  and,  when  erect,  at  least  thirty  feet  m  height 
It  doubtless  fed   upon  the  foliage  of  the  mountain  forests, 
portions  of  which  are  preserved  with  its  remains.     With  7\tan- 
osaurtis,  the  bones  of  smaller  Dinosaurs,  one  {Nanosaurus)  not 
larger  than  a  Cat,  as  well  as  those  of  Crocodiles  and  Turtles, 
are  not  uncommon.     The  recent  discovery  of  these  interesting 
remains,  many  and  various,  in  strata  that  had  long  been  pro- 
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nounced  by  professional  explorers  barren  of  vertebrate  fossils, 
should  teach  caution  to  those  who  decline  to  accept  the  imper- 
fection of  our  knowledge  to-day  as  a  fair  plea  for  the  supposed 
absence  of  intermediate  forms. 

In  the  marine  Cretaceous  beds  of  the  West,  only  a  single 
Dinosaur  {Hadroaaurus  agilisX  has  been  found,  but  in  the  higher 
fresh-water  beds,  which  mart  the  close  of  this  formation,  tneir 
remains  are  numerous,  and  indicate  several  weU  marked  species, 
if  not  genera.  In  the  marine  beds  on  the  Atlantic  Coast,  the 
bones  of  Dinosaurs  are  frequently  met  with,  and  in  the  Upper 
Cretaceous  Greensand  of  New  Jersey,  the  type  specimens  of 
Hadrosawrus  and  Dryptosaurus  were  found.  In  Cretaceous 
fresh-water  deposits  on  the  coast  of  Brazil,  remains  of  this  order 
occur,  but  the  specimens  hitherto  discovered  are  not  sufficiently 
characteristic  for  accurate  determination.  This  is  unfortunately 
true  of  many  Dinosaurian  fossils  from  North  America,  but  the 
ffreat  number  of  these  Reptiles  which  lived  here  during  the 
Cretaceous  Period  promises  many  future  discoveries,  and  sub- 
stantial additions  to  our  present  knowledge  of  the  group. 

The  first  appearance  of  Birds  in  America,  according  to  our 
present  knowledge,  was  during  the  Cretaceous  Period,  sQthou^h 
many  announcements  have  been  made  of  their  existence  m 
preceding  epochs.  The  evidence  of  their  presence  in  the  Trias, 
Dased  on  footprints  and  other  impressions,  is,  at  present,  as  we 
have  seen,  without  value :  although  we  may  confidently  await 
their  discovery  there,  if  not  in  older  formations.  ArchceopteryXj 
from  the  European  Jura,  the  oldest  bird  known,  and  now 
fortunately  represented  by  more  than  a  single  specimen, 
clearly  indicates  a  much  higher  antiquity  for  the  class.  The 
earliest  American  forms,  at  present  known,  are  the  OdontomiiheSy 
or  Birds  with  teeth,  which  nave  been  exhumed  within  the  last 
few  years,  from  the  Chalk  of  Kansas.  The  two  genera,  Hes- 
peromia  and  Ichthyomis,  are  types  of  distinct  orders,  and  differ 
from  each  other  and  from  Archoeopteryx  much  more  than  do 
any  existing  birds  among  themselves;  thus  showing  that  Birds 
are  now  a  closed  type,  and  that  the  key  to  the  history  of  the 
class  must  be  sought  for  in  the  distant  past 

In  Hespercrnis,  we  have  a  large  aquatic  bird,  nearly  six  feet 
in  length,  with  a  strange  combination  of  characters.  The  jaws 
are  provided  with  teeth,  set  in  grooves ;  the  wings  were  rudi- 
mentary, and  useless ;  while  the  1^  were  very  similar  to  those 
of  modem  diving  birda  This  last  feature  was  merely  an  adap- 
tation, as  the  more  important  characters  are  Struthious,  showing 
that  Hesperomis  was  essentially  a  carnivorous  swimming  Ostrich. 
Ichthyomis,  a  small  flying  bird,  was  stranger  still,  as  the  teeth 
were  in  sockets;  and  the  vertebra  biconcave,  as  in  Fishes, 
and  a  few  Beptiles.    Apaiomie  and  otiier  allied  forms  occur 
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in  the  same  beds,  and  probably  all  were  provided  with  teeth. 
It  is  strange  that  the  companions  of  these  ancient  toothed 
Birds  should  have  been  Pterodactyls  without  teeth.  In  the 
later  Cretaceous  beds  of  the  Atlantic  Coast,  various  renxains 
of  aquatic  Birds  have  been  found,  but  all  are  apparently  dis- 
tinct from  those  of  the  West  The  known  genera  of  Ameri- 
can Cretaceous  birds  are,  Apatomi&f  Jiapiornis,  OracuJavus, 
Mesperomis,  Ichthyomis^  LaorniSy  Lesiomisy  PaJaotringa  and 
Telmatomis.  These  are  represented  by  some  twenty  apecie& 
In  Europe,  but  two  species  of  Cretaceous  birds  are  known, 
and  both  are  based  upon  fn^gmentary  specimens. 

During  the  Tertiary  period.  Birds  were  numerous  in  this 
country,  and  all  yet  discovered  appear  to  have  belonged  to 
modern  types.  The  Eocene  species  described  are  mostly  wading 
birds,  but  nere,  and  in  the  later  Tertiary  deposits,  some  charac- 
teristic American  forms  make  their  appearance,  strongly  fore- 
shadowing our  present  avian  fauna.  Tne  extinct  genera  are  the 
Eocene  Uintornis,  related  to  the  Woodpeckei^s,  and  Aletornisy 
which  includes  several  species  of  Waders,  Among  the  existing 
genera  found  in  our  Tertiary  beds  are,  Aquikt^  Buboj  Jdeleagns^ 
Grusj  Graculits,  PuffiniLs,  and  Oatarracies.  The  Great  Auk 
{Alca  impennis),  which  was  once  very  abundant  on  our  North- 
east Coast,  has  become  extinct  within  a  few  years. 

In  this  brief  summary  of  the  past  life  of  Keptiles  and  Birds 
in  America,  I  have  endeavored  to  exclude  doubtful  forms,  and 
those  very  imperfectly  known,  preferring  to  present  the  conclu- 
sions reached  by  careful  study,  incomplete  though  they  be,  rather 
than  weary  you  with  a  descriptive  catalogue  of  all  the  fossils 
to  which  names  have  been  applied.  Even  this  condensed 
review  can  hardly  fail  to  give  you  some  conception  of  the 
wealth  of  our  continent  in  the  extinct  forms  of  these  groups 
and  thus  to  suggest  what  its  actual  life  must  have  been. 

Although  the  Trias  oflfers  at  present  the  first  unquestioned 
evidence  of  true  Reptiles,  we  certainly  should  not  be  justified 
in  supposing  for  a  moment  that  older  forms  did  not  exist  So 
too  in  considering  the  different  groups  of  Reptiles,  which  seem 
to  make  their  first  appearance  at  certain  horizons,  flourish  for 
a  time,  and  then  decline,  or  disappear,  everv  day  brings  evidence 
to  show  that  thejr  are  but  fragments  of  the  unraveled  strands 
which  converge  m  the  past  to  form  the  mystic  cord  uniting  all 
life.  If  the  attempt  is  made  to  follow  back  any  single  thread, 
and  thus  trace  the  lineace  of  a  group,  we  are  met  by  difficulties 
which  the  science  of  to-day  can  only  i)artially  remove.  And  vet 
the  anatomist  constantly  sees  in  the  fragments  which  he  stu<iies 
hints  of  relationship  which  are  to  him  sure  prophecies  of  future 
discoveries. 

The  genealogy  of  the  Chdonia  is  at  present  unknown,  and 
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oar  American  extinct  forms,  so  far  as  we  now  have  them, 
throw  little  light  on  their  ancestry.  This  is  essentially  true, 
also,  of  our  Plesiosaurxa^  Lactriilia  and  Ophidia,  although  sug- 
gestive facts  are  not  wanting  to  indicate  possible  lines  of 
descent.  With  the  Cfrocodilid,  however,  the  caae  seems  to  be 
difl'erent,  and  Huxley  has  clearly  pointed  out  the  path  for 
investigation.  It  is  probable  that  material  already  exists  in 
our  museums  for  tracing  thegroup  through  several  important 
steps  in  its  development.  We  have  already  seen  that  the 
modern  procoelian  type  of  this  order  goes  back  only  to  the 
Upper  Cfretaceous,  while  the  BelodontSy  of  our  Triassic  rocks, 
witn  their  biconcave  vertebrae,  are  the  oldest  known  Croco- 
dilians.  Our  Jurassic,  unfortunately,  throws  but  little  light  on 
the  intermediate  forms,  but  we  know  that  the  line  was  con- 
tinued, as  it  was  in  the  old  world  through  Televsaurus.  The 
beds  of  the  Rocky  Mountain  Wealden  have  just  furnished  us 
with  a  genuine  "missing  link,"  a  saurian  (Diploeaurus)  with 
essentially  the  skull  and  teeth  of  a  modern  Crocodile,  and  the 
vertebrae  of  its  predecessor  from  the  Triaa  This  peculiar  rep- 
tile clearly  represents  an  important  stage  in  the  progressive 
series,  ana  evidently  one  soon  after  the  separation  of  the  Croc- 
odile branch  from  the  main  stenou  The  modern  Gavial  type 
appears  to  have  been  developed  about  the  same  time,  as  the  form 
was  well  established  in  the  Upper  Cretaceous  genus,  Thoraco- 
saurus.  The  Teleosaurian  group,  with  biconcave  vertebrse, 
evidently  the  parent  stock  of  Crocodilians,  became  extinct  with 
Hyposaurus  of  the  same  horizon,  leaving  the  Crocodile  and 
Gavial,  with  their  more  perfect  procoelian  vertebrae,  to  contend 
for  the  supremacy.  In  the  early  Eocene,  both  of  these  types 
were  abundant,  but  some  of  the  Crocodiles  possessed  character 

Eointing  towards  the  Alligators,  which  do  not  appear  to  have 
een  completely  differentiated  until  later. 
Nothing  is  really  known  to-day  of  the  earlier  genealogy  of 
the  Pierosauria,  but  our  American  forms,  without  teeth,  are 
clearly  the  last  stage  in  their  development  before  this  peculiar 
grou  p  became  exti net.  The  oldest  European  form,  Dimorphodon^ 
from  the  Lower  Lias,  had  the  entire  jaws  armed  with  teeth,  and 
was  provided  with  along  tail.  The  later  genus  Pterodactylus 
retained  the  teeth,  but  had  essentially  lost  the  tail;  while 
Ramphorhynchiu  had  retained  the  elongated  tail,  but  had  lost 
the  teeth  from  the  fore  part  of  both  jaws.  In  the  genus  Pterano* 
don  from  the  American  Cretaceous,»the  teeth  are  entirely  absent, 
and  the  tail  is  a  mere  rudiment.  In  the  gradual  loss  of  the 
teeth  and  tail,  these  reptiles  followed  the  same  path  as  Birds,  and 
miffht  thus  seem  to  approach  them,  2^  man^  have  supposed. 
This  resemblance,  however,  is  only  a  superficial  one,  as  a  study 
of  the  more  important  characters  of  the  Pterodactyls  shows 
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that  they  are  an  aberrant  type  of  Reptiles,  totally  off  the  line 
through  which  the  Birds  were  developed.  The  announcement 
made  not  long  since  in  Europe,  and  accepted  by  some  American 
authors,  that  the  PterosaurtOy  in  consequence  of  certain  points 
in  their  structure,  were  essentially  Biros,  is  directly  disproyed 
by  American  specimens,  far  more  perfect  than  those  on  which 
the  conclusion  was  based. 

It  is  now  generally  admitted  by  biologists  who  have  made 
a  study  of  the  vertebrates,  that  Birds  have  come  down  to  us 
through  the  Dinosaurs,  and  the  close  affinity  of  the  latter 
with  recent  Struthious  Birds  will  hardly  be  questioned.  The 
case  amounts  almost  to  a  demonstration,  if  we  compare,  with 
Dinosaurs,  their  contemporaries,  the  Mesozoic  Bims.  The 
classes  of  Birds  and  Reptiles,  as  now  living,  are  separated  by  a 
gulf  so  profound  that  a  few  years  since  it  was  cited  by  the 
opponents  of  evolution  as  the  most  important  break  in  the 
animal  series,  and  one  which  that  doctnne  could  not  bridge 
over.  Since  then,  as  Huxley  has  clearly  shown,  this  gap 
has  been  virtually  filled  by  the  discovery  of  bird-like  Reptiles 
and  reptilian  Birds.  Oompaognatkua  and  Archceopteryx  of  the 
Old  World,  and  Ichihyomis  and  Hesperornis  of  the  New,  are 
the  stepping  stones  by  which  the  evolutionist  of  to-day  leads 
the  doubting  brother  across  the  shallow  remnant  of  the  gul^ 
once  thought  impassably 

It  remains  now  to  consider  the  highest  group  of  the  Animal 
Kingdom,  the  class  Mammalia^  which  includes  Man.  Of  the 
existence  of  this  class  before  the  Trias  we  have  no  evidence, 
either  in  this  country  or  in  the  Old  World,  and  it  is  a  significant 
fact  that  at  essentially  the  same  horizon  in  each  hemisphere,  sim- 
ilar low  forms  of  Mammals  make  their  appearanca  Although 
only  a  few  incomplete  specimens  have  oeen  discovered,  they 
are  characteristic  and  well  preserved,  and  all  are  apparency 
Marsupials,  the  lowest  Mammalian  group  which  we  know  in 
this  country,  living  or  fossil.  The  American  Triassic  Mam- 
mals are  known  at  present  only  from  two  small  lower  jaws,  on 
which  is  based  the  genus  JJromotherium,  supposed  to  be  related 
to  the  insect-eating  Atyrmecobiusj  now  living  in  Australia. 

Although  the  Jura  of  Europe  has  yielded  other  similar 
Mammals,  we  have  as  yet  none  of  this  class  from  that  forma- 
tion; while,  from  rocks  of  Cretaceous  age,  no  Mammals  are 
known  in  anjr  part  of  the  world.  This  is  especially  to  be 
regretted,  as  it  is  evidentljr  to  the  Cretaceous  that  we  must 
look  for  the  first  representatives  of  many  of  our  present  groups 
of  Mammals,  as  well  as  for  indications  of  their  more  ancient 
lineaga  That  some  discovery  of  this  nature  from  the  Creta- 
ceous is  near  at  hand,  I  cannot  doubt,  when  I  consider  what  the 
last  few  years  have  brought  to  light  in  the  Eocene. 
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In  the  lowest  Tertiary  beds  of  this  country,  a  rich  Mam- 
malian fauna  suddenly  makes  its  appearance,  and  from  that 
time  through  the  Age  of  Mammals  to  the  present,  America 
has  been  constantly  occupied  by  this  type  of  life  in  the  greatest 
diversity  of  form.  Fortunately,  a  nearly  continuous  record  of 
this  life,  as  preserved,  is  now  accessible  to  us,  and  ensures  great 
additions  to  our  knowledge  of  the  genealogy  of  Mammals,  and 
perhaps  the  solution  of  more  profound  problems.  Before  pro- 
ceeding to  discuss  in  detail  American  fossil  Mammalia^  it  is 
important  to  define  the  divisions  of  time  indicated  in  our 
Tertiary  and  Post-Tertiary  deposits,  as  these  in  many  cases 
mark  successive  stages  in  the  development  of  the  mammals. 

The  boundary  line  between  the  Cretaceous  and  Tertiary  in 
the  region  of  the  Bocky  Mountains  has  been  much  in  dispute 
during  the  last  few  years,  mainly  in  consequence  of  the  uncer- 
tain geological  bearings  of  the  fossil  plants  lound  near  this  hori- 
zon. The  accompanying  invertebrate  fossils  have  thrown  little 
light  on  the  question,  which  is  essentially,  whether  the  great 
Lignite  series  of  the  West  is  uppermost  Cretaceous,  or  lowest 
Eocena  The  evidence  of  the  numeroi^s  vertebrate  remains  is, 
in  my  judgment,  decisive,  and  in  favor  of  the  former  view. 

This  brings  up  an  important  point  in  Palaeontology,  one  to 
which  my  attention  was  drawn  several  years  since,  namely : 
the  comparative  value  of  different  groups  of  fossils  in  marking 
geological  tima  In  examining  the  subject  with  some  care,  I 
found  that,  for  this  purpose,  plants,  as  their  nature  indicates, 
are  most  unsatisfactory  witnesses;  that  invertebrate  animals 
are  much  better ;  and  that  vertebrates  afford  the  most  reliable 
evidence  of  climatic  and  other  geological  changes.  The  sub- 
divisions of  the  latter  group,  moreover,  and  in  fact  all  forms 
of  animal  life,  are  of  value  in  this  respect,  mainly  according 
to  the  perfection  of  their  organization,  or  zoological  rank. 
Fishes,  for  example,  are  but  slightly  affected  by  changes  that 
would  destroy  Keptiles  or  Birds,  and  the  higher  Mammals 
succumb  under  influences  that  the  lower  forms  pass  through 
in  safety.  The  more  special  applications  of  this  general  law, 
and  its  value  in  geology,  will  reaaily  suggest  themselves. 

The  evidence  offerea  by  fossil  remains  is,  in  the  light  of  this 
law,  conclusive,  that  the  line,  if  line  there  be,  separating  our 
Cretaceous  from  the  Tertiary,  must  at  present  be  arawn  where 
the  Dinosaurs  and  other  Mesozoic  vertebrates  disappear,  and 
are  replaced  by  the  Mammals,  henceforth  the  dominant  type. 

The  Tertiary  of  Western  America  comprises  the  most  exten- 
sive series  of  deposits  of  this  age  known  to  geologists,  and 
important  breaks  in  both  the  rocks  and  the  fossils  separate  it 
into  three  well-marked  divisions.  These  natural  divisions  are 
not  the  exact  equivalents  of  the  Eocene,  Miocene,  and  Pliocene 
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of  Europe,  although  usually  so  considered,  and  known  by  the 
same  names ;  but,  in  general,  the  fauna  of  each  appears  to  be 
older  than  that  of  its  corresponding  representative  in  the  other 
hemisphere ;  an  important  fact,  not  hitherto  recognized.  This 
partial  resemblance  of  our  extinct  faunas  to  others  in  regions 
widely  separated,  where  the  formations  are  doubtless  somewhat 
different  in  geological  age,  is  precisely  what  we  might  expect, 
if,  as  was  probable,  the  main  migrations  took  place  from  this 
Continent.  It  is  better  at  once  to  recognize  this  principle, 
rather  than  attempt  to  bring  into  exact  parallelism,  formations 
that  were  not  strictly  contemporaneous. 

The  freshwater  Eocene  deposits  of  our  Western  Territories, 
which  are  in  the  same  region  at  least  two  miles  in  vertical 
thickness,  may  be  separated  into  three  distinct  subdivisions. 
The  lowest  of  these,  resting  unconformably  on  the  Cretaceous, 
has  been  termed  the  Vermilion  Creek,  or  W  ahsatch,  Group.  It 
contains  a  well-marked  mammalian  fauna,  the  largest  and  most 
characteristic  genus  of  which  is  the  ungulate  Coryphodon^  and 
hence  I  have  called  these  deposits  the  Coryphodon  Beda.  The 
middle  Eocene  strata,  which  have  been  termed  the  Green 
Eiver  and  Bridger  Series,  may  be  designated  as  the  BiDoceras 
Beds,  as  the  gigantic  animals  of  this  order  are  only  found  here. 
The  uppermost  Eocene,  or  the  Uintah  Group,  is  especially 
well  characterized  by  large  mammals  of  the  genus  Diplacodon^ 
and  hence  may  be  termed  the  Diplacodon  Beds.  The  fauna  of 
each  of  these  three  subdivisions  was  essentially  distinct,  and  the 
fossil  remains  of  each  were  entombed  in  diflFerent  and  successive 
ancient  lakes.  It  is  important  to  remember  that  these  Eocene 
lake-basins  all  lie  between  the  Rocky  Mountains  on  the  east 
and  the  Wahsatch  Range  on  the  west,  or  along  the  high 
central  plateau  of  the  Continent  As  these  mountain  chafns 
were  elevated,  the  enclosed  Cretaceous  sea,  cut  off  from  the 
ocean,  gradually  freshened,  and  formed  these  extensive  lakes, 
while  the  surrounding  land  was  covered  with  a  luxuriant  trop- 
ical vegetation,  and  with  many  strange  forms  of  animal  life. 
As  the  upward  movement  of  this  region  continued,  these  lake- 
basins,  which  for  ages  had  been  filling  up,  preserving  in  their 
sediments  a  faithful  record  of  Eocene  life-history,  were  slowly 
dmined  by  the  constant  deepening  of  the  outflowing  rivers,  and 
thCT  have  since  remained  essentially  dry  land. 

The  Miocene  lake-basins  are  on  the  flanks  of  this  region, 
where  only  land  had  been  since  the  close  of  the  Cretaceous. 
These  basins  contain  three  faunas,  nearly  or  quite  distinct  The 
lowest  Miocene,  which  is  only  found  east  of  the  Rockv  Moun- 
tains, alone  contains  the  peculiar  mammals  known  as  the  Bran- 
totheridcRj  and  these  deposits  may  be  called  the  Brontotherium 
Beds.     The  strata  next  above,  which  represent  the  middle  Mio- 
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cene,  have  as  their  most  characteristic  fossil  the  genus  Oreodon^ 
and  are  known  as  the  Oreodon  Beds.  The  upper  Miocene,  which 
occura  in  Oregon,  is  of  great  thickness,  and  irom  one  of  its  most 
important  fossils,  Miohippus^  may  be  designated  as  the  Miohip- 
pus  Series.  The  climate  here  during  this  period  was  warm 
temperate. 

Above  the  Miocene,  east  of  the  Rocky  Mountains  and  on  the 
Pacific  Coast,  the  Pliocene  is  well  developed,  and  is  rich  in 
vertebrate  remains.  The  strata  rest  unconformably  on  the 
Miocene,  and  there  is  a  well-marked  faunal  change  at  this 
point,  modern  types  now  first  making  their  appearanca  For 
these  reasons,  we  are  justified  in  separating  the  Miocene  from 
the  Pliocene  at  this  break;  although  in  Europe  where  no 
marked  break  exists,  the  line  seems  to  have  been  drawn  at  a 
somewhat  higher  horizon.  Our  Pliocene  forms  essentially  a 
continuous  series,  although  the  upper  beds  may  be  distin- 
guished from  the  lower  by  the  presence  of  a  true  Equus^  and 
some  other  existing  genera.  The  Pliocene  climate  was  similar  to 
that  of  the  Miocene.  The  Post-Pliocene  beds  contain  many  ex- 
tinct mammals,  and  may  thus  be  separated  fi-om  recent  deposits. 

Returning  now  to  our  subject  from  this  geological  digression, 
— which  will  hardly  be  deemed  unprofitable,  since  I  have  given 
you  in  few  words  the  results  of  a  great  deal  of  hard  mountain 
work, — ^let  us  consider  the  Tertiary  mammals,  as  we  know 
them  from  the  remains  already  discovered,  and  attempt  to 
trace  the  history  of  each  order  down  to  the  present  time.  We 
have  seen  that  a  single  small  Marsupial,  from  the  Trias,  is 
the  only  mammal  found  in  all  the  American  rocks  below  the 
Eocene;  and  yet  in  beds  of  this  age,  immediately  over  the 
Chalk,  fossil  mammals  of  many  diflferent  kinds  abound. 

The  Marsupials,  strange  to  say,  are  here  few  in  number,  and 
diminutive  in  size;  and  have  as  yet  been  identified  only  by  frag- 
mentary specimens,  and  most  of  them  too  imperfect  for  accurate 
description.  In  the  higher  Eocene  deposits,  this  group  is  more 
abundant,  but  still  represented  by  small  animals,  most  of  them 
insectivorous,  or  carnivorous  in  habit,  like  the  existing  Opos- 
sum. From  the  Miocene  and  Pliocene,  no  remains  of  Marsupials 
have  been  described.  From  the  Post-Tertiary,  only  specimens 
nearly  allied  to  those  now  living  are  known,  and  most  of  these 
were  found  in  the  caves  of  South  America. 

The  Edentate  Mammals  are  evidently  an  American  type, 
and  on  this  Continent  attained  a  great  development  in  numbers 
and  size.  No  Eocene  Edentates  have  been  found  here,  and 
although  their  discovery  in  this  formation  has  been  announced, 
the  identification  proves  to  have  been  erroneoua  In  the  Mio- 
cene of  the  Pacinc  Coast,  a  few  fossils  have  been  discovered 
which  belong  to  animals  of  this  group,  and  to  the  genus  Moropua. 
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There  are  two  species,  one  about  as  large  as  a  Tapir,  and  the 
other  nearly  twice  that  size.  This  genus  is  the  type  of  a  dis- 
tinct family,  the  Moropodidoe,  In  the  lower  Pliocene  above, 
well  preserved  remains  of  Edentates  of  very  large  size  have 
been  found  at  several  widely  separated  localities  in  Idaho  and 
California.  These  belong  to  the  genus  Morotkeinum,  of  which 
two  species  are  known.  East  of  the  Eocky  Mountains,  in  the 
lower  Pliocene  of  Nebraska,  a  large  species  apparently  of  the 
genus  Moropus  has  been  discovered.  The  horizon  of  these 
later  fossils  corresponds  nearly  with  beds  in  Europe  that  have 
been  called  Miocene.     In  the  Post-Pliocene  of  North  America, 

figantic  Edentates  were  very  numerous  and  widely  distributed, 
ut  all  disappeared  with  the  close  of  that  period.  These  jferms 
were  essentially  huge  Sloths,  and  the  more  important  genera 
were  MegatJierium,  Mylodon  and  Megalonyx,  The  genera 
Megahcnus  and  Myomorphus  have  been  found  only  in  Cuba. 

In  South  America  during  the  Pliocene  or  Post-Pliocene, 
enormous  Edentates  were  still  more  abundant,  and  their 
remains  are  usually  in  such  perfect  preservation  as  to  surest 
a  very  recent  period  for  their  extinction.  The  Sloth  tribe 
is  represented  by  the  huge  i/yZocfow,  Megatherium^  Megalonyx^ 
Ckelodon,  Ochotherium,  Onathopis^  Lesiodon,  Scelidoiherium,  and 
^hcenodon;  and  among  the  Armadilloes  were  Ohlamydotherium^ 
Murydon,  QlyptodoUj  Heterodon,  Pachytherium  and  Schistopleurum. 
Glossotherium,  another  extinct  genus,  is  supposed  to  be  allied 
to  the  Ant-eaters. 

It  is  frequentlv  asserted,  and  very  generally  believed,  that  the 
large  number  of  huge  Edentata  which  lived  in  North  America 
during  the  Post-Pliocene,  were  the  results  of  an  extensive 
migration  from  South  America  soon  after  the  elevation  of 
the  Isthmus  of  Panama,  near  the  close  of  the  Tertiary.  No 
conclusive  proof  of  such  migration  has  been  offered,  and 
the  evidence,  it  seems  to  me,  so  fer  as  we  now  have  it,  is 
directly  opposed  to  this  view.  No  undoubted  Tertiary  Edentatra 
have  yet  been  discovered  in  South  America,  while  we  have  at 
least  two  species  in  our  Miocene,  and  during  the  deposition  of 
our  lower  Pliocene,  large  individuals  of  this  group  were  not 
uncommon  as  far  north  as  the  forty-third  parallel  of  latitude^ 
on  both  sides  of  the  Rocky  Mountains.  In  view  of  these  facts, 
and  others  which  I  shall  lay  before  you,  it  seems  more  natural 
to  conclude  from  our  present  knowledge,  that  the  migration, 
which  no  doubt  took  place,  was  from  north  to  south.  The 
Edentates  finding  thus  in  South  America  a  congenial  home 
flourished  greatly  for  a  time,  and  although  the  larger  forms  are 
now  all  extinct,  diminutive  representatives  of  the  group  still 
inhabit  the  same  region. 

The  Geiacea  first  appear  in  the  Eocene,  as  in  Europe,  and 
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are  comparatively  abundant  in  deposits  of  this  age  on  the 
Atlantic  CJoast  The  most  interesting  remains  of  this  order,  yet 
found,  belong  to  the  Zeuglodonlidce^  which  are  carnivorous 
whales,  and  the  only  animals  of  the  order  with  teeth  implanted 
by  two  roots.  The  principal  genera  of  this  family  are  Zeuglodon 
and  Squalodon,  the  former  genus  being  represented  by  gigantic 
forms,  some  of  which  were  seventy  feet  in  length.  The  genus 
Saurocetes,  which  includes  some  small  animals  of  this  group,  has 
been  found  in  South  America.  The  Dolphin  family  (Delphini- 
das)  are  well  represented  in  the  Miocene,  both  on  the  Atlantic 
and  Pacific  Coast  The  best  known  genus  is  Priscodelphinus^  of 
which  several  species  have  been  described.  Several  other 
generic  names  which  have  been  applied  to  fragments  need  not 
here  be  enumerated.  In  none  of  the  Tertiary  species  of  this 
family  were  the  cervical  vertebrae  ankylosed.  The  Sperm 
Whales  (Catodontidce)  were  also  abundant  throughout  the  Ter- 
tiary, and  with  them  in  the  earlier  beds,  various  Ziphioid  forms 
have  been  found.  The  toothless  Bakenidce  are  only  known 
with  certainty  as  fossils  from  the  later  Tertiary  and  more 
recent  deposits. 

The  Sirenians,  which  appear  first  in  the  Eocene  of  the 
Old  World,  occur  in  the  Miocene  of  our  Eastern  Coast,  and 
throughout  the  later  Tertiary.  The  specimens  described  have 
all  been  referred  to  the  genus  Manatus,  and  seem  closely 
related  to  our  living  species.  In  the  Tertiary  of  Jamaica,  a 
skull  has  been  found  which  indicates  a  new  genus,  ProrastoniuSy 
also  allied  to  the  existing  Manatea  The  genus  Bhytina^  once 
abundant  on  our  Northwest  Coast,  has  recently  become  extinct. 

The  Ungulates  are  the  most  abundant  Mammals  in  the  Ter- 
tiary, and  the  most  important;  since  they  include  a  great 
variety  of  types,  some  of  which  we  can  trace  through  their 
various  changes  down  to  the  modified  forms  that  represent 
them  to-day.  Of  the  various  divisions  in  this  comprehensive 
group,  the  JPerissodactyle,  or  odd-toed  Ungulates,  are  evidently 
the  oldest,  and  throughout  the  Eocene  are  the  prevailing  forms. 
Although  all  of  the  Perissodactyles  of  the  earlier  Tertiary  are 
more  or  less  generalized,  they  are  still  q.uite  distinct  from  the 
Artiodactyles,  even  at  the  base  of  the  Eocene.  One 
family,  however,  the  OoryphodontidcB,  which  is  well  represented 
at  this  horizon,  both  in  America  and  Europe,  although  essen- 
tially Perissodaciyle,  possesses  some  characters  which  point  to  a 
primitive  Ungulate  type  from  which  the  present  oraers  have 
oeen  evolved.  Among  these  characters  are  the  diminutive 
brain,  which  in  size  and  form  approaches  that  of  the  Reptiles, 
and  also  the  five-toed  feet  from  which  all  the  various  forms  of 
the  mammalian  foot  have  been  derived.  Of  this  family,  only 
a  single  genus,  Coryphodon  {Balhmodon),  is  known,  but  there 
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were  several  distinct  species.  They  were  the  largest  mammals 
of  tlie  lower  Eocene,  some  exceeding  in  size  the  existing  Tapirs, 

In  the  middle  Eocene,  West  of  the  Socky  Mountains,  a 
remarkable  group  of  ungulates  makes  its  appearance.  These 
animals  nearly  equaled  the  Elephant  in  size,  but  had  shorter 
limbs.  The  skull  was  armed  with  two  or  three  pairs  of  horn- 
cores,  and  with  enormous  canine  tusks.  The  bram  was  propor- 
tionally smaller  than  in  any  other  land  mammal  The  feet  had 
five  toes,  and  resembled  in  their  general  structure  those  of  Cb- 
i^yphodojij  thus  indicating  some  aflSnity  with  that  genus.  These 
mammals  resemble  in  some  respects  the  Perissodactyl^  and  in 
others  the  Proboscidians,  yet  differ  so  widely  from  any  known 
Ungulates,  recent  or  fossil,  that  they  must  be  r^arded  as  form- 
ing a  distinct  order,  the  Dinocerata.  Only  three  genera  are 
known,  Dinoceras^  Tinoceras  and  Uinta therium,  but  quite  a  num- 
ber of  species  have  been  described.  During  the  later  part  of  the 
middle  Eocene,  these  animals  were  very  abundant  for  a  short 
time,  and  then  became  extinct,  leaving  apparently  no  succes- 
sors, unless  possibly  we  have  in  the  Proboscidians  their  much 
modified  descendanta  Their  genetic  connection  with  the 
Coryphodonts  is  much  more  probable,  in  view  of  what  we 
now  know  of  the  two  groups. 

Besides  these  peculiar  Mammals,  which  are  extinct,  and 
mainly  of  interest  to  the  Biologist,  there  were  others  in  the 
early  Tertiary  which  remind  us  of  those  at  present  living 
around  us.  When  a  student  in  Germany  some  twelve  years 
ago,  I  heard  a  world-renowned  Professor  of  Zoology  gravely 
inform  his  pupils  that  the  Horse  was  a  gift  of  the  Old  World 
to  the  New,  and  was  entirely  unknown  in  America  until 
introduced  by  the  Spaniards.  After  the  lecture,  I  asked  him 
whether  no  earlier  remains  of  horses  had  been  found  on 
this  Continent,  and  was  told  in  reply  that  the  reports  to  that 
effect  were  too  unsatisfactory  to  be  presented  as  facts  in  science. 
This  remark  led  me,  on  my  return,  to  examine  the  subject 
myself,  and  I  have  since  unearthed,  with  my  own  hands,  not  less 
than  thirty  distinct  species  of  the  horse  tribe,  in  the  Tertiary 
deposits  of  the  West  alone;  and  it  is  now,  I  think  generally 
admitted  that  America  is,  after  all,  the  true  home  of  the  Horse. 

I  can  offer  you  no  better  illustration  than  this  of  the  advance 
vertebrate  palaeontology  has  made  during  the  last  decade,  or  of 
the  important  contributions  to  this  progress  which  our  Rocky 
Mountain  region  has  supplied. 

The  oldest  i-epresentative  of  the  horse,  at  present  known,  is 
the  diminutive  mhippiLs  from  the  lower  Eocene.  Several  spe- 
cies have  been  found,  all  about  the  size  of  a  fox.  Like  most 
of  the  early  mammals,  these  Ungulates  had  forty-four  teeth, 
the  molars  with  short  crowns,  and  quite  distinct  in  form  from 
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the  premolars.  The  ulna  and  the  fibula  were  entire  and  dis- 
tincti  and  there  were  four  well  developed  toes  and  a  rudiment 
of  another  on  the  fore  feet,  and  three  toes  behind.  In  the 
structure  of  the  feet,  and  in  the  teeth,  the  Ehhippus  indicates 
unmistakably  that  the  direct  ancestral  line  to  the  modern  horse 
has  already  separated  from  the  other  Perissodactyles.  In  the 
next  higher  division  of  the  Eocene,  another  genus  (Orohippus) 
makes  its  appearance,  replacing  Eohippus,  and  showing  a 
greater,  although  still  distant,  resemblance  to  the  Equine  typa 
The  rudimentary  first  digit  of  the  fore  foot  has  disappeared, 
and  the  last  premolar  has  gone  over  to  the  molar  series.  0?*o- 
hippus  was  but  little  larger  than  Eohippus^  and  in  most  other 
respects  very  similar.  Several  species  have  been  found  in  the 
same  horizon  with  IHnoceras,  and  others  lived  during  the  upper 
Eocene  with  Diplacodon^  but  none  later. 

Near  the  base  of  the  Miocene,  in  the  Brontotherium  beds, 
we  find  ft  third  closely  allied  genus,  Mesohippus^  which  is  about 
as  large  as  a  sheep,  and  one  stage  nearer  the  horse.  There  are 
onlv  three  toes  and  a  rudimentary  splint  bone  on  the  fore  feet, 
andf  three  toes  behind.  Two  of  the  premolar  teeth  are  quite 
like  the  molars*  The  ulna  is  no  longer  distinct,  or  the  fibula 
entire,  and  other  characters  show  clearly  that  the  transition  is 
advancing.  In  the  upper  Miocene,  Jaesohippus  is  not  found, 
but  in  its  place  a  fourth  form,  Miohippus^  continues  the  line. 
This  genus  is  near  the  AnchiiJurium  of  Europe,  but  presents 
several  important  differences.  The  three  toes  in  each  foot  are 
more  nearly  of  a  size,  and  a  rudiment  of  the  fifth  metacarpal 
bone  is  retained.  All  the  known  species  of  this  genus  are  larger 
than  those  of  MesohippuLs^  and  none  pass  above  the  Miocena 

The  genus  Protokippus  of  the  lower  Pliocene,  is  yet  more 
equine,  and  some  of  its  species  equaled  the  ass  in  size.  There 
are  still  three  toes  on  each  foot,  but  only  the  middle  one,  cor- 
responding to  the  single  toe  of  the  horse,  comes  to  the  ground. 
This  genus  resembles  most  nearly  the  Hipparion  of  Europe. 
In  the  Pliocene,  we  have  the  last  stage  of  the  series  before 
reaching  the  horse,  in  the  genus  Pliohippus,  which  has  lost  the 
small  hooflets,  and  in  other  respects  is  very  equina  Only  in 
the  upper  Pliocene,  does  the  true  ItJquus  appear,  and  complete 
the  genealogy  of  the  Horse,  which  in  the  Post-Tertiary  roamed 
over  the  whole  of  North  and  South  America,  and  soon  after 
became  extinct  This  occurred  long  before  the  discovery  of 
the  Continent  by  Europeans,  and  no  satisfactory  reason  for  the 
extinction  has  yet  been  given.  Besides  the  characters  I  have 
mentioned,  there  are  many  others,  in  the  skeleton,  skull,  teeth, 
and  brain  of  the  forty  or  more  intermediate  species,  which 
show  that  the  transition  from  the  Eocene  Eohippus  to  the 
modem  Equus,  has  taken  place  in  the  order  indicated,  and  I 
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believe  the  specimens  now  at  New  Haven  will  demonstrate 
the  fact  to  any  anatomist  They  certainly  carried  prompt 
conviction  to  the  first  of  anatomists,  who  was  the  honored  guest 
of  the  Association  a  year  ago,  whose  genius  had  already  indi- 
cated the  later  genealogy  of  the  horse  in  Europe,  and  wliose 
own  researches  so  well  qualified  him  to  appreciate  the  evidence 
here  laid  before  him.  Did  time  permit,  1  might  give  you  at 
least  a  probable  explanation  of  this  marvellous  change,  bat 
justice  to  the  comrades  of  the  horse  in  his  long  struggle  for 
existence  demands  that  some  notice  of  their  efforts  should  be 
placed  on  record. 

Beside  the  Horse  and  his  congeners,  the  only  existing  Peris- 
sodactyles  are  the  Rhinoceros  and  the  Tapir.  The  last  is  the 
oldest  type,  but  the  Rhinoceros  had  near  allies  throughout  the 
Tertiary ;  and,  in  view  of  the  continuity  of  the  equine  line,  it  is 
well  worth  while  to  attempt  to  trace  his  pedigree.  At  the 
bottom  of  the  Eocene,  in  our  Western  lake-basins,  the  tapiroid 
genus  Helaletes  is  found,  represented  by  numerous  small  mam- 
mals hardly  larger  than  the  diminutive  horses  of  that  day.  In 
the  following  epoch  of  the  Eocene,  the  closely  allied  Hyrachyns 
was  one  of  the  most  abundant  animals.  This  genus  was  nearly 
related  to  the  Lophiodon  of  Europe,  and  in  its  teeth  and  skele- 
ton strongly  resembled  the  living  Tapir;  whose  ancestry,  to 
this  point,  seems  to  coincide  with  that  of  the  Rhinoceros  we 
are  considering.  Strangely  enough,  the  Rhinoceros  line,  before 
it  becomes  distinct,  separates  into  two  branches.  In  the  upper 
part  of  the  Dinoceras  Beds,  we  have  the  genus  Oolonoceras, 
which  is  really  a  Hyrachyus  with  a  transverse  pair  of  very 
rudimentary  horn-cores  on  the  nasal  bones.  In  the  lower 
Miocene  west  of  the  Rocky  Mountains,  this  line  seems  to  pass 
on  through  the  genus  Diceratherium,  and  in  the  higher  Miocene 
this  genus  is  well  represented.  Some  of  the  species  nearly 
equaled  in  size  the  existing  Rhinoceros,  which  IHceratherium 
strongly  resembled.  The  main  difference  between  them  is  a 
most  interesting  ona  The  rudimentary  horn-cores  on  the 
nasals,  seen  in  Volonoceras,  are  in  ZHceraiherium  developed  into 
strong  bony  supports  for  horns,  which  were  olaced  transversely, 
as  in  the  Ruminants,  and  not  on  the  meaian  line,  as  in  ail 
existing  forms  of  Rhinoceros.  In  the  Pliocene  of  the  Pacific 
Coast,  a  large  Rhinoceros  has  been  discovered,  which  may 
be  a  descendant  of  IHceratherium,  but  as  the  nasal  bones  have 
not  been  found,  we  must  wait  for  further  evidence  on  this 
point  Returning  now  to  the  other  branch  of  the  Rhinoceros 
group,  which  left  their  remains  mainly  East  of  the  Rocky 
Mountains,  we  find  that  all  the  known  forms  are  hornless. 
The  upper  Eocene  genus  Amynodon  is  the  oldest  known 
Rhinoceros,  and  by  far  the  most  generalized  of  the  family. 
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The  premolars  are  all  unlike  the  molars,  the  four  canines  are 
of  large  size,  but  the  inner  incisor  in  each  jaw  is  lost  in  the 
fully  adult  animal.  The  nasals  were  without  horns.  There 
were  four  toes  in  front,  and  three  behind.  The  genus  Hyrac- 
odon^  of  the  Miocene,  which  is  essentially  a  Rhinoceros,  has 
a  full  set  of  incisor  and  canine  teeth ;  and  the  molars  are  so 
nearly  like  those  of  its  predecessor  Hyrcuchyus^  that  no  one  will 
question  the  transformation  4)f  the  older  into  the  newer  type. 
Hyracodon,  however,  appears  to  be  off  the  true  line,  for  it  has 
but  three  toes  in  front  In  the  higher  Miocene  beds,  and 
possibly  with  Byracodon,  occurs  a  larger  Bhinoceros,  which 
nas  been  referred  to  the  genus  Aceratherium,  This  form  has 
lost  the  canine  and  one  incisor  above,  and  two  incisors  below. 
In  the  Pliocene  are  several  species  closely  related,  and  of  large 
size.  Above  the  Pliocene  in  America,  no  vestiges  of  the 
Rhinoceros  have  been  found,  and  our  American  forms  doubt- 
less became  extinct  at  the  close  of  this  periods 

The  Tapir  is  clearly  an  old  American  type,  and  we  have 
seen  that,  in  the  Eocene,  the  genera  Helaktes  and  Hyrachyus 
were  so  strongly  tapiroid  in  their  principal  characters,  that  the 
main  line  of  descent  probably  passed  through  them.  It  is 
remarkable  that  the  Miocene  of  the  West,  so  greatly  developed  as 
it  is  on  both  sides  of  the  Rockj  Mountains,  should  have  yielded 
but  a  few  fragments  of  tapiroid  mammals,  and  the  same  is  true 
of  the  Pliocene  of  that  region.  In  the  Miocene  of  the  Atlantic 
Coast,  too,  only  a  few  imperfect  specimens  have  been  found. 
These  forms  all  apparently  belong  to  the  genus  Tapiravua^ 
although  most  of  them  have  been  reierred  to  Lophiodon,  a  lower 
Eocene  tvpa  In  the  Post-Tertiary,  a  true  Tapirus  was  abun- 
dant, and  its  remains  have  been  found  in  various  parts  of  North 
America.  The  line  of  descent,  although  indistinct  through 
the  middle  and  upper  Tertiary,  was  doubtless  continuous  in 
America,  and  several  species  exist  at  present,  from  Mexico 
southward.  It  is  worthy  of  notice  that  the  species  North  of 
the  Isthmus  of  Panama  appear  all  to  be  generically  distinct 
from  those  of  South  America. 

In  addition  to  these  three  Perissodactyle  types  which,  as 
the  fittest,  have  alone  survived,  and  whose  lineage  I  have 
endeavored  to  trace,  there  were  many  others  in  early  Tertiary 
times.  Some  of  these  disappeared  with  the  close  of  the 
Eocene,  while  others  continued,  and  assumed  strange  special- 
ized shapes  in  the  Miocene,  before  their  decline  and  extinction. 
One  series  of  the  latter  deserves  especial  mention,  as  it  includes 
one  of  the  most  interesting  families  of  our  extinct  animals. 
Among  the  large  mammals  in  the  lower  Eocene  is  LimnohyuSj 
a  true  rerissodactyle,  but  only  known  here  from  fragments  of 
the  skeleton.     In  the  next  higher  beds,  this  genus  is  well 


Digitized  by  VjOOQIC 


862  0.  C.  Marsh — VerUbrtUe  Life  in  America. 

represented,  and  with  it  is  found  a  nearly  allied  form,  Paloeo- 
syops.     In  the  upper  Eocene,  both  have  left  the  field,  and  the 

?enus  Diplacodorij  a  very  near  relative,  holds  the  supremacy, 
^he  line  seems  clear  through  these  three  genera,  but  on 
crossing  the  break  into  the  Miocene,  we  have,  apparently  as 
next  of  kin,  the  huge  Brontotheridoe.  These  strange  beasts  show 
in  their  dentition  and  some  other  characters  the  same  transition 
steps  beyond  Diplacodon,  which  that  genus  had  made  beyond 
Palceosyops.  The  Brontotheridos  were  nearly  as  large  as  the 
Elephant,  but  had  much  shorter  limbs.  The  skull  was  elon- 
gated, and  had  a  transverse  pair  of  large  horn-cores  on  the 
maxillaries,  in  front  of  the  orbits,  like  the  middle  pair  in 
Dinoceras.  There  were  four  toes  in  front,  and  three  behind, 
and  the  feet  were  similar  to  those  of  the  Rhinoceroa  There 
are  four  genera  in  this  group,  Brontotherium  ;  IMconodon;  Meno- 
du8  {Titanotherium) ;  and  MegaceropSj  which  have  been  found 
only  in  the  lowest  Miocene,  east  of  the  Rocky  Mountains. 

In  the  higher  Miocene  beds  of  Oregon,  an  allied  genus, 
Chalicotherium^  makes  its  appearance.  It  is  one  stage  further 
on  in  the  transition,  and  perhaps  a  descendant  of  the  Bronkh 
theridcB ;  but  here,  so  far  as  now  known,  the  line  disappeara. 
It  is  a  suggestive  fact,  that  this  genus  has  now  been  found  in 
Western  America,  China,  India,  Greece,  Germany  and  France, 
indicating  thus,  as  I  believe,  the  path  by  which  many  of  our 
ancient  mammals  helped  to  people  the  so-called  Old  World. 

The  Artiodactyles,  or  even-toed  Ungulates,  are  the  most 
abundant  of  the  larger  mammals  now  living;  and  the  group 
dates  back  at  least  to  the  lowest  Eocena  Of  the  two  well 
marked  divisions  of  this  order,  the  Bunodonts  and  the  Seleno- 
donts,  as  happily  defined  by  Kowalevsky,  the  former  is  the 
older  type,  whicb  must  have  separated  from  the  Perissodactyle 
line  after  the  latter  had  become  differentiated  from  the  prim- 
itive Ungulate.  In  the  Coryphodon  Beds  of  New  Mexico, 
occurs  the  oldest  Artiodactyle  yet  found,  but  it  is  at  present 
known  only  from  fragmentary  specimena  These  remams  are 
clearly  Suilline  in  character,  and  belong  to  the  genus  EohyuA. 
In  the  beds  above,  and  possibly  even  in  the  same  horizon, 
the  genus  Hehhyxis  is  not  uncommon,  and  several  species  are 
known.  The  molar  teeth  of  this  genus  are  very  similar  to 
those  of  the  Eocene  Hyracotherium^  of  Europe,  which  is  sup- 
posed to  be  a  Perissodactyle,  while  Hdohyua  certainly  is  not, 
out  apparently  a  true  lineal  ancestor  of  the  existing  pigs. 
In  every  vigorous  primitive  type  which  was  destined  to  survive 
many  geological  changes,  there  seems  to  have  been  a  tendency 
to  throw  off  lateral  branches,  which  became  highly  specialized 
and  soon  died  out,  because  they  are  unable  to  adapt  themselves 
to  new  conditions.     The  narrow  path  of  the  persistent  Suilline 
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type,  throughout  the  whole  Tertiary,  is  strown  with  the  remains 
of  such  ambitious  oflFshoots,  while  the  typical  pig,  with  an 
obstinacy  never  lost,  has  held  on  in  spite  of  Catastrophes  and 
Evolution,  and  still  lives  in  America  to-day.  In  the  lower 
Eocene,  we  have  in  the  ^enus  Parakyus  apparently  one  of  these 
short-lived,  specialized  branches.  It  attained  a  much  larger 
size  than  the  true  lineal  forms,  and  the  number  of  its  teeth 
was  reduced.  In  the  Dinoceras  Beds,  or  middle  Eocene,  we 
have  still,  on  or  near  the  true  line,  Hebhyus,  which  is  the 
last  of  the  series  known  from  the  American  Eocene.  All 
these  early  Suillines,  with  the  possible  exception  of  ParahyuSj 
appear  to  have  had  at  least  four  toes,  all  of  usable  size. 

In  the  lower  Miocene,  we  find  the  genus  PerchoeruSj  seem- 
ingly a  true  Suilline,  and  with  it  remains  of  a  larger  form, 
Elotherium,  are  abundant  The  latter  genus  occurs  in  Europe 
in  nearly  the  same  horizon,  and  the  specimens  known  from 
each  Continent  agree  closely  in  general  characters.  The  name 
Pelonax  has  been  applied  erroneously  to  some  of  the  American 
forms ;  but  the  specimens  on  which  it  was  based  clearly  belong 
to  Elotherium.  This  genus  aftbrds  another  example  of  the 
aberrant  Suilline  offshoots,  already  mentioned.  Some  of  the 
species  were  nearly  as  large  as  a  Khinoceros,  and  in  all  there  were 
but  two  serviceable  toes;  the  outer  digits,  seen  in  living  ani- 
mals of  this  group,  being  represented  only  by  small  rudiments 
concealed  beneath  the  skin.  In  the  upper  Miocene  of  Oregon, 
Suillines  are  abundant,  and  almost  all  belong  to  the  genus 
ThinohyiiSf  a  near  ally  of  the  modern  Peccary  {Dicoiyles),  but 
having  a  greater  number  of  teeth,  and  a  few  other  distinguish- 
ing features.  In  the  Pliocene,  Suillines  are  still  numerous,  and 
all  the  American  forms  yet  discovered  are  closely  related  to 
Dicotyles.  The  genus  Platygonus  is  represented  by  several 
species,  one  of  which  was  very  abundant  in  the  Post-Tertiary 
of  North  America,  and  is  apparently  the  last  example  of  a  side 
branch,  before  the  American  Suillines  culminate  in  existing 
Peccaries.  The  feet  in  this  species  are  more  specialized  than 
in  the  living  forms,  and  approach  some  of  the  peculiar  features 
of  the  ruminants;  as  for  example  a  strong  tendency  to  coales- 
cence in  the  metapodial  bones.  The  genus  Platygonus  became 
extinct  in  the  Post-Tertiary,  and  the  later  and  existing  species 
are  all  true  Peccaries.  No  authenticated  remains  of  the  genera 
Sus,  Porcus^  Phacochcerus,  or  the  allied  hippopoiamvs,  the  Old 
World  Suillines,  have  been  found  in  America,  although  several 
announcements  to  that  effect  have  been  made. 

In  the  series  of  generic  forms  between  the  lower  Eocene 
Eohyus  and  the  existing  Dicoiyles,  which  I  have  very  briefly 
discussed,  we  have  apparently  the  ancestral  line  ending  in  the 
typical  American  Suillines.     Although  the  demonstration  is 
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not  yet  as  complete  as  in  the  lineage  of  the  Horse,  this  is  not 
owinff  to  want  of  material,  but  rather  to  the  fact  that  the 
actual  changes  which  transformed  the  early  Tertiary  pig  into 
the  modern  Peccary  were  comparatively  slight,  so  j^  as  thqr 
are  indicated  in  the  skeletons  preserved,  while  the  lateral 
branches  were  so  numerous  as  to  confuse  the  line.  It  is  clear, 
however,  that  from  the  close  of  the  Cretaceous  to  the  Poet- 
Tertiary,  the  Bunodont  Artiodactyles  were  especially  aban- 
dant  on  this  Continent,  and  only  recently  have  approached 
extinction. 

The  Selenodont  division  of  the  Artiodactyles  is  a  more 
interesting  group  and,  so  far  as  we  now  know,  makes  its  first 
appearance  in  the  upper  Eocene  of  the  West,  although  fonxis, 
apparently  transitional,  between  it  and  the  Bunodonts  occur  in 
the  Dinoceras  Beds,  or  middle  Eocene.  These  belong  to  the 
genus  Bomacodon^  which  is  very  nearly  allied  to  Helohyus  and 
but  a  single  step  away  from  this  genus  toward  the  Selenodonts. 
By  a  fortunate  discovery,  a  nearly  complete  skeleton  of  this 
rare  intermediate  form  has  been  brought  to  light,  and  we  are 
thus  enabled  to  define  its  characters.  Several  species  of 
Homacodon  are  known,  all  of  small  size.  This  primitive 
Selenodont  had  forty-four  teeth,  which  formed  a  nearly  con- 
tinuous series. 

The  molar  teeth  are  very  similar  to  those  of  HelohyiLSy  bat 
the  cones  on  the  crowns  have  become  partially  triangalar  in 
outline,  so  that  when  worn,  the  Selenodont  pattern  is  clearly 
recognizabla  The  first  and  second  upper  molars,  moreover, 
have  three  distinct  posterior  cusps,  and  two  in  front;  a  peculiar 
feature,  which  is  seen  also  in  the  European  genera  Dtchobtme 
and  Cainotherium.  There  were  four  toes  on  each  foot,  and  the 
metapodial  bones  were  distinct  The  type  species  of  this  genus 
was  about  as  large  as  a  cat  With  Hdohyus^  this  genus  forms 
a  well  marked  family,  the  Hdohyidce. 

In  the  Diplacodon  horizon  of  the  upper  Eocene,  the  Seleno- 
dont dentition  is  no  longer  doubtful,  as  it  is  seen  in  most  of 
the  Artiodactvla  yet  found  in  these  beds.  These  animals  are 
all  small,  and  belong  to  at  least  three  distinct  genera.  One  of 
these,  EomeruXy  closely  resembles  Homacodon  in  most  of  its 
skeleton,  ana  has  four  toes,  but  its  teeth  show  well  marked 
crescents,  and  a  partial  transition  to  the  teeth  of  HyopoiamuSj 
from  the  Eocene  of  Europe.  With  this  genus,  is  another 
{Pai-ameryx)^  also  closely  allied  to  Homacodon,  but  apparently  a 
straggler  from  the  true  line,  as  it  has  but  three  toes  behind. 
The  most  pronounced  Selenodont  in  the  upper  Eiocene  is  the 
Oromeryx,  which  genus  appears  to  be  allied  to  the  existing 
Deer  family,  or  Carvidoe^  and  if  so  is  the  oldest  known  repre- 
sentative of  the  group.    These  &ct8  are  important,  as  it  has 
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been  supposed,  until  very  recently,  that  our  Eocene  contained 
no  even-noofed  mammals. 

In  the  lowest  Miocene  of  the  West,  no  true  crescent-toothed 
Ariiodactyla  have  as  yet  been  identified,  with  the  exception  , 
of  a  single  species  of  Hyopotamus  ;  but  in  the  overlying  beds 
of  the  middle  Miocene,  remains  of  the  Oreodoniidoe  occur  in 
such  vast  numben?  as  to  indicate  that  these  animals  must 
have  lived  in  large  herds  around  the  borders  of  the  lake-basins 
in  which  their  remains  have  been  entombed.  These  basins  are 
now  the  denuded  deserts  so  well  termed  Mauvaisea  Terres  by 
the  early  French  trappers.  The  least  specialized,  and  apparently 
the  oldest,  eenus  of  this  group  is  Agriochcerus^  which  so  nearly 
resembles  the  older  Hyopotamus,  and  the  still  more  ancient 
JEomeryXj  that  we  can  hardly  doubt  that  they  all  belonged  to 
the  same  ancestral  line.  The  typical  Oreodonts  are  the  genera 
Oreodon  and  Eporeodon,  which  have  been  aptly  termed  by 
Leidy,  ruminating  hogs.  They  had  forty-four  teeth,  and  four 
well  developed  toes  on  each  foot.  The  true  Oreodons,  which 
were  most  numerous  east  of  the  Rocky  Mountains,  were  about 
as  large  as  the  existing  Peccary,  while  Eporeodon,  which  was 
nearly  twice  this  size,  was  very  abundant  in  the  Miocene  of 
the  Pacific  slope. 

In  the  succeeding  Pliocene  formation,  on  each  side  of  the 
Bocky  Mountains,  the  genus  Merychyus  is  one  of  the  prevailing 
forms,  and  continues  the  line  on  from  the  Miocene,  where  the 
true  Oreodons  became  extinct  Beyond  this,  we  have  the  genus 
Merycochoerus,  which  is  so  nearly  allied  to  the  last,  that  they 
would  be  united  by  many  naturalists.  With  the  close  of  the 
Pliocene,  this  series  of  peculiar  ruminants  abruptly  terminates, 
no  member  surviving  until  the  Post-Tertiary,  so  far  as  known. 

A  most  interesting  line,  that  leading  to  the  Camels  and  Lla- 
mas, separates  from  the  primitive  Selenodont  branch  in  the 
Eocene,  probably  through  the  genus  Parameryx.  In  the  Mio- 
cene, we  find  in  Poebrothertum  and  some  nearly  allied  forms 
unmistakable  indications  that  the  Gameloid  type  of  ruminant 
had  already  become  partially  specialized,  although  there  is  a 
complete  series  of  incisor  teeth,  and  the  metapoaial  bones  are 
distinct  In  the  Pliocene,  the  Camel  tribe  was,  next  to  the 
Horses,  the  most  abundant  of  the  larger  mammals.  The  line  is 
continued  through  the  genus  Procamelus,  and  perhaps  others, 
and  in  this  formation  the  incisors  first  begin  to  diminish,  and 
the  metapodials  to  unite.  In  the  Post-Tertiarv  we  have  a  true 
Aitchenia,  represented  by  several  species,  ana  others  in  South 
America,  where  the  Alpacas  and  Llamas  still  survive.  From 
the  Eocene  almost  to  the  present  time,  North  America  has  been 
the  home  of  vast  numbers  of  the  Camelidoe,  and  there  can  be 
little  doubt  that  they  originated  here,  and  migrated  to  the  Old 
World 


Digitized  by  VjOOQIC 


866  0.  C.  Marsh — VerUbrate  Life  in  America. 

RetamiDg  once  more  to  the  upper  Eocene,  we  find  another 
line  of  descent  starting  from  Oromeryx^  which,  as  we  have 
seen,  had  apparently  then  just  become  differentiated  from  the 
older  Bunoaont  type.  Throughout  the  middle  and  uppw 
Miocene,  this  line  is  carried  forward  by  the  genus  LeptoTneryz 
and  its  near  allies,  which  resemble  so  strongly  the  Pliocene 
Cervidot  that  they  may  fairly  be  regarded  as  their  probable 
progenitors.  Possibly  some  of  these  forms  may  be  related  to 
the  Tragulidce^  but  at  present  the  evidence  is  against  it. 

The  Deer  family  has  representatives  in  the  upper  Miooene  of 
Europe,  which  contains  fossils  strongly  resembling  the  &aDa  of 
our  lower  Pliocene,  a  fact  always  to  be  borne  in  mind  in  com- 
paring the  horizon  of  any  group  in  the  two  continents.  Several 
species  of  Cferrwfcp,  belonging  to  the  genus  Oosoryx^  are  known 
from  the  lower  Pliocene  of  the  West,  and  all  have  very  small 
antlers,  divided  into  a  single  pair  of  tynes.  The  statement 
recently  published,  that  most  of  these  antlers  had  been  broken 
during  the  life  of  the  animals,  is  unsupported  by  any  evidence. 
and  is  erroneous.  These  primitive  Deer  do  not  have  the  orbii 
closed  behind,  and  they  have  all  the  four  metapodial  bones 
entire,  although  the  second  and  fifth  are  very  slender.  In  the 
upper  Pliocene,  a  true  Gervus  of  large  size  has  been  discovered. 
In  the  Post-Tertiary,  Cervua^  Alces^  and  Tarandus  have  been  met 
with,  the  latter  far  south  of  its  present  range.  In  the  caves  of 
South  America,  remains  of  Oervus  have  been  found,  and  also  two 
species  of  Antelopes,  one  referred  to  a  new  genus,  LepiotheriunL 

The  Hollow-horned  Ruminants,  in  this  country,  appear  to 
date  back  no  further  than  to  the  lower  Pliocene,  and  here  only 
two  species  of  Bison  have  as  yet  been  discovered.  In  the  Post- 
Tertiary  this  genus  was  represented  by  numerous  individuals 
and  several  species,  some  of  large  siza  The  Musk  Ox  {Ovtbas) 
was  not  uncommon  during  some  parts  of  this  epoch,  and 
its  remains  are  widelv  distributed. 

No  authentic  fossil  remains  of  true  Sheep,  Goats,  or  Giraffes 
have  as  yet  been  found  on  this  continent 

The  Proboscideans,  which  are  now  separated  from  the  typi- 
cal Ungulates  as  a  distinct  order,  make  their  first  appearance  in 
North  America  in  the  lower  Pliocene,  where  several  species  of 
Mastodon  have  been  found.  This  genus  occurs,  also,  in  the 
upper  Pliocene,  and  in  the  Post-Tertiaiy ;  although  some  of 
the  remains  attributed  to  the  latter  are  undoubtedly  older. 
The  Pliocene  species  all  have  a  band  of  enamel  on  the  tusks, 
and  some  other  peculiarities  observed  in  the  oldest  Mastodons 
of  Europe,  whicn  are  from  essentially  the  same  horizon.  Two 
species  of  this  genus  have  been  found  in  South  America,  in 
connection  with  the  remains  of  extinct  Llamas  and  Horses. 
The  genus  Ekphas  is  a  later  form,  and  has  not  yet  been  iden- 
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tified  in  this  country  below  the  upper  Pliocene,  where  one 
gigantic  species  was  abundant  In  the  Post-Pliocene,  remains 
of  this  genus  are  numerous.  The  hairy  Mammoth  of  the  Old 
World  {Elephas  primxgenius)  was  once  abundant  in  Alaska,  and 
great  numbers  of  its  bones  are  now  preserved  in  the  frozen 
cliffs  of  that  r^ion.  This  species  does  not  appear  to  have 
extended  east  of  the  Rocky  Mountains,  or  south  of  the  Colum- 
bia River,  but  was  replaced  there  by  the  American  Elephant, 
which  preferred  a  milder  climate,  bemains  of  the  latter  have 
been  met  with  in  Canada,  throughout  the  United  States,  and  in 
Mexico.  The  last  of  the  American  Mastodons  and  Elephants 
became  extinct  in  the  Post-Tertiary. 

The  order  Toxodontia  includes  two  very  peculiar  genera, 
Toxodon  and  Nesodon^  which  have  been  found  m  the  Post-Ter- 
tiary deposits  of  South  America.  These  animals  were  of  huge 
size,  and  possessed  such  mixed  characters  that  their  affinities 
are  a  matter  of  considerable  doubt  They  are  thought  to  be 
related  to  the  Ungulates,  Rodents,  and  Edentates,  but  as  the 
feet  are  unknown,  this  cannot  at  present  be  decided. 

Macrauchenia  and  Homalodonlotherium  are  two  other  peculiar 
genera  from  South  America,  now  extinct,  the  exact  affinities 
of  which  are  uncertain.  Anoplotherium  and  Falceotherium,  so 
abundant  in  Europe,  have  not  been  found  in  our  North 
American  Tertiary  deposits,  although  reported  from  South 
America. 

Perhaps  the  most  remarkable  mammals  yet  found  in  Amer- 
ica are  tne  Tillodoniia^  which  are  comparatively  abundant  in 
the  lower  and  middle  Eocene.  These  animals  seem  to  com- 
bine the  characters  of  several  different  groups,  viz :  the  Car- 
nivores, Ungulates,  and  Rodents.  In  the  genus  Tillotkeriumj 
the  type  of  the  order,  and  of  the  family  Tillotheridce,  the  skull 
resembles  that  of  the  Bears;  the  molar  teeth  are  of  the 
ungulate  type;  while  the  large  incisors  are verv similar  to  those 
of  Rodents.  The  skeleton  resembles  that  of  the  Carnivores, 
but  the  scaphoid  and  lunar  bones  are  distinct,  and  there  is  a 
third  trochanter  on  the  femur.  The  feet  are  plantigrade,  and 
each  had  five  digits,  all  with  long  pointed  clawa  In  the 
allied  genus  Stylinodon^  which  belongs  to  a  distinct  family,  the 
Styltnodontida:^  all  the  teeth  were  rootless.  Some  of  these 
animals  were  as  large  as  a  Tapir.  The  genus  Dryptodxyix  has 
been  found  only  in  the  Ooryphodon  beds  of  New  Mexico,  while 
TiUothertum  and  Stylinodon  occur  in  the  middle  Eocene  of 
Wyoming.  Anchippodua  probably  belongs  to  this  group,  which 
may  perhaps  include  some  other  forms  that  have  been  named 
from  ^entary  specimens. 

The  Rodents  are  an  ancient  type,  and  their  remains  are  not 
unfrequently  disinterred  in  the  strata  of  our  lowest  fresh-water 
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Eocene.  The  earliest  known  forms  are  apparently  all  related 
to  the  Squirrels,  and  the  most  common  genus  is  Sduravus^ 
which  continued  throughout  the  Eocena  A  nearly  allied  form, 
which  may  prove  to  be  the  same,  is  Paramys,  the  species  of 
which  are  larger  than  those  of  the  older  type.  In  the  Dino- 
ceras  beds,  the  genus  Cuhnmnys  is  found,  and  the  specimens 
preserved  point  to  the  Muridoe^  as  the  nearest  living  ailiea.  A 
peculiar  genus,  Apaiemys,  which  also  occurs  in  the  middle 
Eocene,  has  gliriform  incisors,  but  the  molars  resemble  those  of 
Insectivorea  All  the  Eocene  Bodents  are  of  small  size,  the 
largest  being  about  as  large  as  a  rabbit 

In  the  middle  and  upper  Miocene  lake-basins  of  the  West, 
Bodents  abound,  but  all  are  of  moderate  size.  The  Hares  first 
appear  in  the  Oreodon  beds,  and  continue  in  considerable  num- 
bers through  the  rest  of  the  Tertiary  and  Post-Tertiary  to  the 
present  day.  In  these  beds,  the  most  common  forms  belong  to 
the  Lepcridoe^  and  mainly  to  the  genus  PakBolagus.  The  Squirrel 
family  is  represented  by  Ischyromys,  the  Murtdce  by  the  genus 
Eumys^  and  the  Beavers  by  Palosocastor.  In  the  upper  Miocene 
of  Oregon,  mo^t  of  the  same  genera  are  found,  and  with  them 
some  peculiar  forms,  very  unlike  anything  now  living.  One  of 
these  is  the  genus  AliomySy  possibly  related  to  the  flying 
Squirrels,  but  having  molar  teeth  somewhat  like  those  of  the 
Ungulates.  In  the  Pliocene,  east  and  west  of  the  Bocky  Moun- 
tains, Bodents  continue  abundant,  but  most  of  them  tielong  to 
existing  genera.  Among  these  are  Castor^  Hyatrix,  Cynomys^ 
Geoniysy  Jjepus  and  Hesperomys,  In  the  Post-Tertiary,  the 
gigantic  beaver,  Gastorotdes^  was  abundant  throughout  most  of 
North  America.  Hydrochoerus  has  been  found  in  South  Caro- 
lina. In  the  caves  of  the  island  of  Anguilla,  in  the  West 
Indies,  remains  of  large  extinct  Bodents  belonging  to  the  Chtn- 
chillidce  have  been  discovered. 

The  early  Tertiary  Bodents  known  from  South  America  are 
the  genera  Megamys^  Theridromys^  and  a  large  species  referred 
to  Arvicola.  In  Brazil,  the  Pliocene  Bodents  Tbund  are  referred 
to  the  existing  genera  Cavta,  Kerodon,  Lagostomus^  Cienomysj 
Hesperomys,  Oxymycterus,  Aruicola  and  Lepus.  A  new  genus, 
Cardiodus,  describe  from  this  horizon,  is  a  true  Bodent,  but 
the  peculiar  TypoUierium^  which  has  been  referred  to  this  order 
by  some  authorities,  has  perhaps  other  affinities.  In  the 
Post-Tertiai'y,  the  Bodents  were  very  abundant  in  South 
America,  as  they  are  at  present  The  species  are  in  most 
instances  distinct  from  those  now  living,  but  the  genera  are 
.nearly  the  same.  The  Oaviidas  were  especially  numeroua 
Cercolabes,  Myopoiamtis,  and  Lagostomus  are  also  found,  and  two 
extinct  genera,  Phyllomys  and  Lonchophorus. 

The  Cheiroptera^  or  Bats,  have  not  been  found  in  this  country 
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below  the  middle  Eocene,  where  two  extinct  genera,  Nyciilestes 
and  Nyctilherium^  are  each  represented  by  numerous  remains. 
These  fossils  all  belong  to  small  animals,  and,  so  far  as  they 
have  been  investigated,  show  no  characters  of  more  than  generic 
importance  to  distinguish  them  from  the  Bats  of  to-day.  No 
other  members  of  this  group  are  known  from  our  Tertiary. 
In  the  Post-Tertiary,  no  extinct  species  of  Bats  have  been 
found  in  North  America,  but  from  the  caves  of  Brazil  quite 
a  number  have  been  reported.  These  all  belong  to  genera 
still  living  ip  South  America,  and  most  of  them  to  the  family 
Phylhstomidce, 

The  Insectivores  dafe  back,  in  this  country,  at  least  to  the 
middle  Eocene.  Here  numerous  remains  occur,  which  have 
been  described  as  belonging  to  this  order,  although  it  is  pos- 
sible that  some  of  them  were  insect-eating  Marsupial&  The 
best  known  genera  are,  Hemiacodoriy  Chitetodon^  Tcupavus,  and 
Eniomacodon ;  all  represented  by  animals  of  small  size.  In 
the  Miocene,  the  bones  of  Insectivores  are  compai'atively  abun- 
dant, and  the  genera  best  determined  are  Ictops  and  Leptictis. 
A  few  specimens  only  have  been  found  in  the  Pliocene  and 
Post-Pliocene,  most  of  them  related  to  the  Moles.  No  extinct 
Insectivores  are  known  from  South  America,  and  no  member 
of  the  group  exists  there  at  present. 

ThjB  Carnivora^  or  true  flesh -eating  animals,  are  an  old  type, 
well  represented  in  the  Eocene,  and,  as  might  be  expected, 
the^e  early  forms  are  much  less  specialized  than  the  living 
species.  In  the  Coryphodon  beds,  the  genus  lAmnocyon^ 
allied  to  the  Pterodon  of  the  European  Eocene,  is  abundant- 
Another  genus,  apparently  distinct,  is  Proioiomus^  and  several 
others  have  been  named  from  fragmentary  fossils.  In  the 
middle  Eocene,  Carnivores  were  still  more  numerous,  and  many 
genera  have  been  discovered.  One  of  these,  Limno/elis,  was 
nearly  as  large  as  a  lion,  and  apparently  allied  to  the  cats, 
although  the  typical  Felidos  seem  not  yet  to  have  been  differen- 
tiated. Another  Carnivore  of  nearly  equal  size  was  Orocyorij 
which  had  short  massive  jaws  and  broad  teeth.  Dromocyon  and 
ilesonyx  were  large  animals,  allied  to  Hycenod/m.  The  teeth 
were  narrow,  and  the  jaws  long  and  slender.  Among  the 
smaller  Carnivores  were,  Vulpavus^  Viverravtis,  Sinopa^  Thino- 
cyouj  and  Ziphacodon. 

In  our  Western  Miocene,  Carnivores  are  abundant,  and 
make  an  approach  to  modern  typea  The  Felidoi  are  well  rep- 
resented, the  most  interesting  genus  being  A/achairodics,  which 
is  not  uncommon  in  the  Oreodon  beds  on  both  sides  of  the 
Rocky  Mountain&  An  allied  genus  is  Diniciis,  and  several 
smaller  Cats  are  known  from  about  the  same  horizon.  The 
Canidoe  are  represented  by  Amphicyon,  a  European  genus,  and 
Am.  Joub.  Sci.— Third  SBRnes,  Vol.  2CIV,  No.  83.— Nov.,  1877. 
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by  several  species  of  Canis^  or  a  very  nearly  allied  form.  The 
peculiar  genas  Hycenodon^  found  also  in  Europe,  and  the  type  of 
a  distinct  family,  is  abundant  in  the  Miocene  east  of  the  Bocky 
Mountains,  but  has  not  yet  been  found  on  the  Pacific  Coast. 
In  the  Pliocene  of  both  regions,  the  Canidce  are  numerous, 
and  all  apparently  belong  to  the  existing  genus  Cams.  The 
genus  Machairddus  is  still  the  dominant  form  of  the  Cats,  which 
are  abundant,  and  for  the  most  part  belong  to  the  genus  Felts, 
The  extinct  Leptarctus  is  supposed  to  belong  to  tne  Ursidce, 
and  if  so,  is  the  oldest  American  representative  of  this  familv. 
In  the  Post-Pliocene,  the  extinct  ^eJicfcB  include  species  nearlv 
as  large  as  a  lion,  and  smaller  forms  very  similar  to  those  still 
living.     Bears,  Baccoons  and  Weasels  have  also  been  found. 

In  the  Pliocene  of  South  America,  Machairodua  represents 
the  Felidu^  while  the  genera  Arcioiherium  and  Hycenardus 
belong  to  the  Bear  family.  Species  of  MusUla  and  Cania  have 
also  bsen  found.  In  the  caves  of  Brazil,  the  fauna  of  which 
is  regarded  as  Post-Pliocene,  one  species  of  Afdchairodus  is 
known,  and  one  of  Syncdurus,  Cams  and  Icticyon^  still  living 
in  Brazil,  and  the  extinct  genus  Speothos^  represent  the  OanicUR, 
Mephitis  and  Oaliciis,  among  the  Weasels,  were  also  present, 
and  with  them  species  of  Nasua  and  Arcioiherium. 

We  come  now  to  the  highest  group  of  Mammals,  the  Pri- 
mates, which  includes  the  Lemurs,  the  Apes,  and  Man.  This 
order  has  a  great  antiquity,  and  even  at  the  base  of  the  Eocene 
we  find  it  represented  by  several  genera  belonging  to  the  lower 
forms  of  the  group.  In  considering  these  interesting  fossils,  it  is 
important  to  have  in  mind  that  the  Lemurs,  which  are  usually 
regarded  as  Primates,  although  at  the  bottom  of  the  scale,  are 
only  found  at  the  present  day  in  Madagascar  and  the  adjacent 
regions  of  the  globe.  All  the  American  Monkeys,  moreover, 
belong  to  one  group,  much  above  the  Lemurs,  while  the  Old 
World  Apes  are  higher  still,  and  most  nearly  approach  Man. 

In  the  lower  Eocene  of  New  Mexico,  we  find  a  few  repre- 
sentatives of  the  earliest  known  Primates,  and  among  them  are 
the  genera  Lemuravus  and  Limnotherium^  each  the  type  of  a 
distinct  family.  These  genera  became  very  abundant  in  the* 
middle  Eocene  of  the  West,  and  with  them  are  found  many 
others,  all  however,  included  in  the  two  families,  Lemuravidx 
and  Limnolheridce.  Lemuravus  appears  to  have  been  most 
nearly  allied  to  the  Lemurs,  and  is  the  most  generalized  form 
of  the  Primates  yet  discovered.  It  had  forty-four  teeth,  form- 
ing a  continuous  series  ab9ve  and  below.  The  brain  was 
nearly  smooth,  and  of  moderate  size.  The  skeleton  most 
resembles  that  of  the  Lemurs.  A  nearly  allied  genus,  belong- 
ing to  the  same  family,  is  Hyopsodus.  Jbimnotkerium  {Tomii/ie- 
rium)  also  is  nearly  related  to  the  Lemurs,  but  shows  some  affin- 
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ities  with  the  South  American  Marmosets.  This  genus  had 
forty  teeth.  The  brain  was  nearly  smooth,  and  the  cerebellum 
large,  and  placed  mainly  behind  the  cerebrum.  The  orbits  are 
open  behind,  and  the  lachrymal  foramen  is  outside  the  orbit. 
Other  genera  belonging  to  the  Limnothendas  are,  Nolharctos^ 
Hipposyus^  Microsyops^  Palvtacodon^  I'hinolestes  and  Telmaiolestes, 
Besides  these,  Aniiacodon  {Anaptomorphus),  Bathrodon  and  Mes- 
acodofi  should  probably  be  placed  in  the  same  group.  In  the 
Diplacodon  Beds,  or  Upper  Eocene,  no  remains  of  Primates  have 
yet  been  detected,  although  they  will  doubtless  be  found  there. 
All  the  Eocene  Primates  Known  from  American  strata  are  low 
generalized  forms,  with  characters  in  the  teeth,  skeleton  and 
feet  that  suggest  relationships  with  the  Carnivores,  and  even 
with  the  Ungulates.  These  resemblances  have  led  palaeontolo- 
gists to  refer  some  imperfect  specimens  to  both  these  orders. 

In  the  Miocene  lake  basins  of  the  West,  only  a  single  spe- 
cies of  the  Primates  has  been  identified  with  certainty.  Tnis 
was  found  in  the  Oreodon  Beds  of  Nebraska,  and  belongs  to 
the  genus  Laapiikecus,  apparently  related  both  to  the  Limno- 
therSlce  and  to  some  existing  &>uth  American  Monkeys.  In 
the  Pliocene  and  Post-Pliocene  of  North  America,  no  remains 
of  Primates  have  yet  been  found. 

In  the  Post-Pliocene  deposits  of  the  Brazilian  caves,  remains 
of  Monkeys  are  numerous,  and  mainly  belong  to  extinct  spe- 
cies of  Calliihrtx,  Cebfis  and  JacchuSj  all  living  South  American 
genera.  Only  one  extinct  genus,  Protopithecus^  which  embraced 
animals  of  large  size,  has  been  found  in  this  peculiar  fauna. 

It  is  a  noteworthy  fact,  that  no  traces  of  any  Anthropoid 
Apes,  or  indeed  of  any  Old  World  Moukevs  have  yet  oeen 
detected  in  America.  Man,  however,  the  highest  of  the  Pri- 
mates, has  lefl  his  bones  and  his  works  from  the  Arctic  Circle 
to  Patagonia.  Most  of  these  specimens  are  clearly  Post-Ter- 
tiary, although  there  is  considerable  evidence  pointing  to  the 
existence  of  Man  in  our  Pliocene.  All  the  remains  yet  dis- 
covered belong  to  the  well-marked  genus  HomOj  and  apparently 
to  a  single  species,  at  present  represented  by  the  American 
Indian. 

In  this  rapid  review  of  Mammalian  life  in  America,  from  its 
first  known  appearance  in  the  Trias  down  to  the  present  time,  I 
have  endeavored*  to  state  briefly  the  introduction  and  succes- 
sion of  the  principal  forms  in  each  natural  group.  If  time  per- 
mitted, I  might  attempt  the  more  difficult  task  of  trjing  to 
indicate  what  relations  these  various  groups  may  possibly  bear 
to  each  other ;  what  connection  the  ancient  Mammals  of  this 
continent  have  with  the  corresponding  forms  of  the  Old  World; 
and,  most  important  of  all,  what  real  progress  Mammalian  life 
has  here  maue  since  the  beginning  of  the  Eocena     As  it  is,  I 
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can  only  say  in  summing  up,  that  the  Marsupials  are  clearlv 
the  remnants  of  a  very  ancient  fauna,  which  occupied  thfs 
continent  millions  of  years  ago,  and  from  which  the  other 
Mammals  were  doubtless  all  derived,  although  the  direct  evi- 
dence of  the  transformation  is  wanting. 

Although  the  Marsupials  are  nearly  related  to  the  still 
lower  Monotremes,  now  living  in  the  Australian  Region,  we 
have  as  yet  no  hint  of  the  path  by  which  these  two  groups 
became  separated  from  the  mferior  vertebrates.  Neither  have 
we  to-day  much  light  as  to  the  genetic  connection  existing 
between  Marsupials  and  the  placental  Mammalia,  although  it  is 
possible  that  the  different  orders  of  the  latter  had  their  origin 
each  from  a  separate  group  of  the  Marsupials. 

The  presence,  however,  of  undoubted  Marsupials  in  our 
lower  and  middle  Eocene,  some  of  them  related  to  the  genus 
Didelphys^  although  remotely,  is  important  e\ridenee  as  to  the 
introduction  of  these  animals  into  America.  Against  this,  their 
supposed  absence  in  our  Miocene  and  Pliocene  can  have  but 
limited  weight,  when  taken  in  connection  with  the  fact  that 
they  flourisned  in  the  Post-Tertiary,  and  are  still  abundant. 
The  evidence  we  now  have  is  quite  as  strongly  in  favor  of  a 
migration  of  Marsupials  from  America  to  the  OlS.  World,  as  the 
reverse,  which  has  been  supposed  by  some  naturalists.  Possi- 
bly, as  Huxley  has  suggested,  both  countries  were  peopled  with 
these  low  mammals  from  a  continent  now  submerged. 

The  Edentate  mammals  have  long  been  a  puzzle  to  2500I0- 
gists,  and  up  to  the  present  time  no  clew  to  their  affinities  with 
other  groups  seems  to  have  been  detected.  A  comparison  of 
the  peculiar  Eocene  Mammals  which  I  have  called  the  Tillo- 
doniia,  with  the  least  specialized  Edentates,  brings  to  light 
many  curious  resemblances  in  the  skull,  teeth,  skeleton  and 
feet  These  suggest  relationship,  at  least,  and  possibly  we 
may  yet  find  here  the  key  to  the  Edentate  genealogy.  At 
present,  the  Tillodonts  are  all  from  the  lower  and  middle 
Eocene,  while  MoropuSj  the  oldest  Edentate  genus,  is  found  in 
the  middle  Miocene,  and  one  species  in  the  lower  Pliocene. 

The  Edentates  have  been  usually  regarded  as  an  American 
type,  but  the  few  living  forms  in  Africa,  and  the  Tertiary 
species  in  Europe,  the  oldest  known,  have  made  the  land 
of  their  nativity  uncertain.  I  have  already' given  you  some 
reasons  for  believing  that  the  Edentates  had  their  first  home 
in  North  America,  and  migrated  thence  to  the  southern 
portion  of  the  continent  This  movement  could  not  have 
taken  place  in  the  Miocene  period,  as  the  Isthmus  of  Darien 
was  then  submerffed;  but  near  the  close  of  the  Tertiary, 
the  elevation  of  this  region  left  a  much  broader  strip  of  land 
than  now  exists  there,  and  over  this,  the  Edentates  and  other 
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mammals  made  their  way,  perhaps  urged  on  by  the  increasing 
cold  of  the  glacial  wintera  The  evidence  to-day  is  strongly  in 
favor  of  such  a  southern  migration.  This,  however,  leaves  the 
Old  World  Edentates,  fossil  and  recent,  unaccounted  for;  but  I 
believe  the  solution  of  this  problem  is  essentially  the  same, 
namely :  a  migration  from  North  America,  The  Miocene  rep- 
resentatives of  this  group,  which  I  have  recently  obtained  m 
Oregon,  are  older  than  any  known  in  Europe,  and,  strangely 
enough,  are  more  like  the  latter  and  the  existing  African  types 
than  like  any  of  our  living  species.  If,  now,  we  bear  in  mind 
that  an  elevation  of  only  180  feet  would,  as  has  been  said, 
close  Behring's  Straits,  and  give  a  road  thirty  miles  wide  from 
America  to  Asia,  we  can  easily  see  how  this  migration  might 
have  taken  place.  That  such  a  Tertiary  bridge^did  exist,  we 
have  much  independent  testimony,  and  the  known  facts  all 
point  to  extensive  migrations  of  animals  over  it 

The  Ceiacea  are  connected  with  the  marine  Carnivores  through 
the  genus  Zeughdori^  as  Huxley  has  shown,  and  the  points  of 
resemblance  are  so  marked  that  the  affinity  cannot  be  doubted. 
That  the  connection  was  a  direct  one,  however,  is  hardly  prob- 
able, since  the  diminutive  brain,  large  number  of  simple  teeth, 
and  reduced  limbs  in  the  Whales,  all  indicate  them  to  be  an 
old  type,  which  doubtless  branched  off  from  the  more  primi- 
tive stock  leading  to  the  Carnivores.  Our  American  extinct 
Cetaceans,  when  carefully  investigated,  promise  to  throw  much 
light  upon  the  pedigree  of  these  strange  mammals.  As  most 
of  the  known  forms  were  probably  marine,  their  distribution  is 
of  little  service  in  determining  their  origin. 

That  the  Sirenians  are  allied  to  the  Ungulates  is  now  gen- 
erally admitted  by  anatomists,  and  the  separation  of  the  exist- 
ing species  in  distant  localities  suggests  that  they  are  the  rem- 
nants of  an  extensive  group,  once  widely  distributed.  The 
large  number  of  teeth  in  some  forms,  the  reduced  limbs  and 
other  characters,  point  back  to  an  ancestry  near  that  of  the 
earliest  ungulates.  The  gradual  loss  of  teeth  in  the  specialized 
members  of  this  group,  and  in  the  Cetaceans,  is  quite  parallel 
with  the  same  change  in  Edentates,  as  well  as  in  Pterodactyls 
and  Birds. 

The  Ungulates  are  so  distinct  from  other  groups  that  they 
must  be  one  of  the  oldest  natural  divisions  of  mammals,  and 
they  probably  originated  from  some  herbivorous  marsupial. 
Their'large  size,  and  great  numbers  during  Tertiary  and  Post- 
tertiary  time,  render  tnem  most  valuable  in  tracing  migrations 
induced  by  climate,  as  well  as  in  showing  the  changes  of 
structure  which  such  a  contest  for  existence  may  produce. 

In  the  review  of  the  extinct  Ungulates,  I  have  endeavored 
to  show  that  quite  a  number  of  genera  usually  supposed  to 
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belong  originally  to  the  Old  World  are  in  reality  true  Amer- 
ican types.  Amon^  these  were  the  Horse,  Rhinoceros,  and 
Tapir,  all  the  existing  oddtoed  Ungulates,  and  besides  these 
the  Camel,  Pig,  and  Deer.  All  these  I  believe,  and  many 
others,  went  to  Asia  from  our  North  West  Coast  It  must,  for 
the  present,  remain  an  open  question  whether  we  may  not 
fairly  claim  the  Bovido^  and  even  the  Proboacidea^  since  both 
occur  in  our  strata  at  about  the  same  horizon  as  on  the  other 
continent  On  this  point  there  is  some  confusion,  at  least  in 
names.  The  Himalayan  deposits  called  Upper  Miocene,  and 
so  rich  in  Proboscideans,  indicate  in  their  entire  fauna  that 
they  are  more  recent  than  our  Niobrara  River  beds,  which,  for 
apparently  good  reasons,  we  r^ard  as  Lower  Pliocene.  The 
latter  appear  to  be  about  the  same  horizon  as  the  Pikermi 
deposits  in  Greece,  also  regarded  as  Miocene.  Believing,  h<iw- 
ever,  that  we  have  here  a  more  complete  Tertiary  series,  and  a 
better  standard  for  comparison  of  faunas,  I  have  preferred  to 
retain  the  names  already  applied  to  our  divisions,  until  the 
strata  of  the  two  continents  are  more  satisfactorily  coordinated. 

The  extinct  Rodents,  Bats,  and  Insectivores  of  America, 
although  offering  many  suggestive  hints  as  to  their  relation- 
ship with  other  groups,  and  their  various  migrations,  cannot 
now  be  fully  discussed.  There  is  little  doubt,  however,  that 
the  Rodents  are  a  New  World  tyj>e,  and,  according  to  present 
evidence,  they  prob.ibly  had  their  origin  in  North  America. 
The  resemblance  in  so  many  respects  of  this  order  to  the 
Proboscideans  is  a  striking  fact,  not  yet  explained  by  the  im- 
perfectly known  genealogy  of  either  group. 

The  Carnivores,  too,  I  must  pass  by,  except  to  call  attention 
to  a  few  special  forms  which  accompanied  the  migrations  of 
other  groupa  One  of  these  is  Machairodus^  the  saber- toothed 
Tiffer,  which  flourished  in  our  Miocene  and  Pliocene,  and 
followed  the  huge  Edentates  to  South  America,  and  the  Ungu- 
lates across  Asia  to  Europe.  With  this  genus  went  Hycenodon^ 
and  some  typical  Wolves  and  Cats,  but  the  Bears  came  the 
other  way  with  the  Antelopes.  That  the  Grazelle,  Giraffe,  Hip- 
popotamus, Hyaena  and  other  African  types,  once  abundant  in 
Asia,  did  not  come,  is  doubtless  because  the  Miocene  bridge 
was  submerged  before  they  reached  it 

The  Edentates,  in  their  southern  migration,  were  probably 
accompanied  by  the  Horse,  Tapir  and  Rhinoceros,  although  no 
remains  of  the  last  have  yet  been  found  south  of  Mexico.  The 
Mastodon,  Elephant,  Llama,  Deer,  Peccary,  and  other  mam- 
mals, followed  the  same  patk  Why  the  Mastodon,  Elephant, 
Rhinoceros,  and  especially  the  Horse,  should  have  been  selected 
with  the  huge  Edentates  for  extinction,  and  the  other  Un- 
gulates left,  is  at  present  a  mystery,  which  their  somewhat 
larger  size  hardly  explains. 
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The  relations  of  the  Americaii  Primates,  extinct  and  recent, 
to  those  of  the  other  hemisphere,  offer  an  inviting  topic,  but  it 
•is  not  in  my  present  province  to  discuss  them  in  their  most 
suggestive  phases.  As  we  have  here  the  oldest  and  most 
generalized  members  of  the  group,  so  far  as  now  known,  we 
may  justly  claim  America  for  the  birth-place  of  the  order. 
That  the  development  did  not  continue  here  until  it  culmi- 
nated in  Man,  was  due  to  causes  which  at  present  we  can  only 
surmise,  although  the  genealogy  of  other  surviving  groups 
gives  some  data  toward  a  solution.  Why  the  old  world  Apes, 
when  differentiated,  did  not  come  to  the  land  of  their  earlier 
ancestry,  is  readily  explained  by  the  then  intervening  oceans, 
which  likewise  Were  a  barrier  to  the  return  of  the  Horse  and 
•  Bhinoceros. 

Man,  however,  came;  doubtless  first  across  Behring*s 
Straits;  and  at  his  advent  became  part  of  our  fauna,  as  a 
mammal  and  primate.  In  these  relations  alone,  it  is  my  pur- 
pose here  to  treat  him.  The  evidence,  as  it  stands  to-aay, 
although  not  conclusive,  seems  to  place  the  first  appearance  of 
Man  in  this  country  in  the  Pliocene,  and  the  best  proof  of 
this  has  been  found  on  the  Pacific  coast  During  several 
visits  to  that  region,  many  facts  were  brought  to  my  knowl- 
edge which  render  this  more  than  probabla  Man  at  this  time 
was  a  savage,  and  was  doubtless  forced  by  the  great  volcanic 
outbreaks  to  continue  his  migration.  This  was  at  first  to  the 
'  south,  since  mountain  chains  were  barriers  on  the  east  As 
the  native  Horses  of  America  were  now  all  extinct,  and  as  the 
early  man  did  not  bring  the  old  world  animal  with  him,  his 
migrations  were  slow.  I  believe,  moreover,  that  his  slow  pro- 
gress towards  civilization  was  in  no  small  degree  due  to  this 
same  cause,  the  absence  of  the  Horse. 

It  is  far  from  my  intention-  to  add  to  the  many  theories  ex- 
tant in  regard  to  the  early  civilizations  in  this  country,  and 
their  connections  with  the  primitive  inhabitants,  or  the  later 
Indians,  but  two  or  three  facts  have  recently  come  to  my 
knowledge  which  I  think  worth  mentioning  in  this  connection. 
On  the  Columbia  •River,  I  have  found  evidence  of  the  former 
existence  of  inhabitants  much  superior  to  the  Indians  at  pres- 
ent there,  and  of  which  no  tradition  remains.  Among  many 
stone  carvings  which  I  saw  there,  were  a  number  oi  heads 
which  so  strongly  resemble  those  of  Apes,  that  the  likeness  at 
once  suggests  itself.  Whence  came  tnese  sculptures,  and  by 
whom  were  they  made?  Another  fact  that  has  interested  me 
very  much  is  the  strong  resemblance  between  the  skulls  of  the 
tvpical  Mound-builders  of  the  Mississippi  Valley  and  those  of 
the  Pueblo  Indians.  I  had  long  been  familiar  with  the  former, 
and  when  I  recently  saw  the  latter,  it  required  the  positive 
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assurance  of  a  friend  who  had  himself  collected  ^em  in  New 
Mexico,  to  convince  me  that  they  were  not  from  the  moanda 
A  third  fact,  and  I  leave  Man  to  the  Archaeologists,  on  wbo6& 
province  I  am  even  now  trenching.  In  a  large  collection  of 
Mound-builders*  pottery,  over  a  thousand  specimens,  wbieh 
I  have  recently  examined  with  some  care,  I  found  many 
pieces  of  elaborate  workmanship  so  nearly  like  the  ancient 
water-jars  from  Peru,  that  no  one  could  fairlv  doubt  that  some 
intercourse  had  taken  place  between  the  widely  separated  peo- 
ple that  made  them. 

The  oldest  known  remains  of  Man  on  this  continent  differ 
in  no  important  characters  from  the  bones  of  the  typical 
Indian,  although  in  some  minor  details  they  indicate  a  mach 
more  primitive  race.  These  early  remains,  some  of  which  are 
true  fossils,  resemble  much  more  closely  the  corresponding 
parts  of  the  highest  Old  World  Apes,  than  do  the  latter  our 
Tertiary  Primates,  or  even  the  recent  American  MonkeysL 
Various  living  and  fossil  forms  of  old  world  Primates  fill  up 
essentially  the  latter  gap.  The  lesser  gap  between  the  prim- 
itive Man  of  America  and  the  Anthropoid  Apes  is  partially 
closed  by  still  lower  forms  of  men,  and  doubtless  also  by  higher 
Apes,  now  extinct  Analogy,  and  many  facts  as  well,  indicate 
that  this  gap  was  smaller  in  the  past  It  certainly  is  becoming 
wider  now  with  every  generation,  for  the  lowest  races  of  men 
will  soon  become  extinct,  like  the  Tasmanians,  and  the  highest 
Apes  cannot  long  survive.  Hence  the  intermediate  forms  of 
the  past,  if  any  there  were,  become  of  still  greater  importance. 
For  such  missing  links,  we  must  look  to  the  caves  and  later 
Tertiary  of  Africa,,  which  I  regard  as  now  the  most  promising 
field  for  exploration  in  the  Old  World.  America,  even  in  the 
Tropics,  can  promise  no  such  inducements  to  ambitious  ex- 

f)lorera  We  have,  however,  an  equally  important  field,  if 
ess  attractive,  in  the  Cretaceous  Mammals,  which  must  have 
left  their  remains  somewhere  on  this  continent  In  these  two 
directions,  as  I  believe,  lie  the  most  important  future  discov- 
eries in  Palaeontology. 

As  a  cause  for  many  changes  of  strut^tnre  in  mammals 
during  the  Tertiary  and  Post-Tertiary,  I  regard,  as  the  most 
potent,  Natural  Selectionj  in  the  broad  sense  in  which  that  term 
IS  now  used  by  American  evolutionists.  Under  this  head,  I 
include  not  merely  a  Malthusian  struggle  for  life  among  the 
animals  themselves,  but  the  equally  important  contest  with  the 
elements,  and  all  surrounding  nature,  by  changes  in  the  envi- 
ronment, migrations  are  enforced,  slowly  in  some  cases,  rapidly 
in  others,  and  with  change  of  locality  must  come  adaptation  to 
new  conditions,  or  extinction.  The  life-history  of  Tertiary 
mammals  illustrates  this  principle  at  every  stage,  and  no  other 
explanation  meets  the  facts. 
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The  real  progress  of  mammalian  life  in  America,  from  the 
beginning  oi  the  Tertiary  to  the  present,  is  well  illustrated  by 
the  Brain-growth,  in  which  we  nave  the  key  to  many  other 
changes.  The  earliest  known  Tertiary  mammals  all  had  very 
small  brains,  and  in  some  forms  this  organ  was  proportionally 
less  than  in  certain  Eeptilea  There  was  a  gradual  increase  in 
the  size  of  the  brain  during  this  period,  and  it  is  interesting  to 
find  that  this  growth  was  mainly  confined  to  the  cerebral 
hemispheres,  or  higher  portion  of  the  brain.  In  most  groups 
of  mammals,  the  brain  has  gradually  become  more  convoluted, 
and  thus  increased  in  quality,  as  well  as  quantity.  In  some, 
also,  the  cerebellum,  and  olfactory  lobes,  the  lower  parts  of  the 
brain,  have  even  diminished  in  size.  In  the  long  struggle  for 
existence  during  Tertiary  time,  the  big  brains  won,  then  as 
now ;  and  the  increasing  power  thus  gained  rendered  useless 
many  structures  inherited  from  primitive  ancestors,  but  no 
longer  adapted  to  new  conditions. 

Another  of  the  interesting  changes  in  mammals  during  Ter- 
tiary time  was  in  the  teeth,  which  were  gradually  modified 
with  other  parts  of  the  structure.  The  primitive  form  of  tooth 
was  clearly  a  cone,  and  all  others  are  derived  from  this.  All 
classes  of  vertebrates  below  mammals,  namely,  Fishes,  Amphi- 
bians, Eeptiles,  and  Birds,  have  conical  teeth,  if  any,  or  some 
simple  modiBcation  of  this  form.  The  Edentates  and  Ceta- 
ceans with  teeth  retain  this  type,  except  the  Zeuglodonts,  which 
approach  the  dentition  of  aquatic  Carnivores.  In  the  higher 
mammals,  the  incisors  and  canines  retain  the  conical  shape,  and 
the  premolars  have  only  in  part  been  transformed.  The  latter 
gradually  change  to  the  more  complicated  molar  pattern,  and 
hence  are  not  reduced  molars,  but  transition  forms  from 
the  cone  to  more  complex  types.  Most  of  the  early  Tertiary 
mammals  had  forty-four  teeth,  and  in  the  oldest  forms  the 
premolars  were  all  unlike  the  molars;  while  the  crowns  were 
short,  covered  with  enamel,  and  without  cement.  Each  stage 
of  progress  in  the  differentiation  of  the  animal  was,  as  a  rule, 
marked  by  a  change  in  the  teeth ;  one  of  the  most  common 
being  the  transfer,  in  form  at  least,  of  a  premolar  to  the  molar 
series,  and  a  gradual  lengthening  of  the  crown.  Hence,  it  is 
often  easy  to  decide  from  a  fragment  of  a  jaw,  to  what  horizon 
of  the  Tertiary  it  belongs.  The  fossil  Ilorses  of  this  period, 
for  example,  gained  a  grinding  tooth,  for  each  toe  they  lost, 
one  in  each  epoch.  In  the  single-toed  existing  horses,  all  the 
premolars  are  like  the  molars,  and  the  process  is  at  an  end. 
Other  dental  transformations  are  of  equal  interest,  but  this 
illustration  must  suffice. 

The  changes  in  the  limbs  and  feet  of  mammals  during  the 
same  period  were  quite  as  marked.  The  foot  of  the  primitive 
mammal  was  doubtless  plantigrade,  and  certainly  five-toed. 


Digitized  by  VjOOQIC 


878  0,  C,  Marsh — Vertebrate  Life  in  America. 

Many  of  the  early  Tertiary  forms  show  this  featare,  which  ia 
still  seen  in  some  existing  forms.  This  generalized  foot  became 
modified  by  a  gradual  Toss  of  the  outer  toes,  and  iocrease  in 
size  of  the  central  ones ;  the  reduction  proceeding  according  to 
systematic  methods,  diflfering  in  each  group.  Correspondiog 
changes  took  place  in  the  limb  bones.  One  result  was  a  great 
increase  in  speed,  as  the  power  was  applied  so  as  to  act 
only  in  the  plane  of  motion.  The  best  effect  of  this  speciali- 
zation is  seen  to-day  in  the  Horse  and  Antelope,  each  repre- 
senting a  distinct  group  of  Ungulates,  with  five-tora  ancestors. 
If  the  history  of  American  Mammals  as  I  have  briefly 
sketched  it,  seems  as  a  whole  incomplete,  and  unsatisfactory, 
we  must  remember  that  the  genealogical  tree  of  this  class  bas-ils 
trunk  and  larger  limbs  concealed  beneath  the  dSms  of  Meao- 
zoic  time,  while  its  roots  doubtless  strike  so  deeply  into  the 
Paleozoic  that  for  the  present  they  are  lost  A  decade  or  two 
hence,  we  shall  probably  know  somethin«:  of  the  mammalian 
fauna  of  the  Cretaceous,  and  the  earlier  linei^je  of  our  existing 
mammals  can  then  be  traced  with  more  certainty. 

The  results  T  have  presented  to  you  are  mainly  derived 
from  personal  observation  ;  and  since  a  large  part  of  the  higher 
vertebrate  remains  found  in  this  country  have  passed  through 
my  hands,  I  am  willing  to  assume  full  responsibility  for  my 
presentation  of  the  subject 

For  our  present  knowledge  of  the  extinct  Mammals,  Birds 
and  Eeptiles  of  North  America,  scietice  is  especially  indebted 
to  Leidy,  whose  careful,  conscientious  work  lias  laid  a  secure 
foundation  for  our  vertebrate  palaeontology.  The  energy  of 
Cope  has  brought  to  notice  many  strange  forms,  and  greatly 
enlarged  our  literature.  Agassiz,  Owen,  Wyman,  Baird, 
Hitchcock,  Deane,  Emmons,  Lea,  Allen,  Gibbes,  Jefferson, 
DeKay,  and  Harlan,  deserve  honorable  mention  in  the  history 
of  this  branch  of  science.  The  South  American  extinct  verte- 
brates have  been  described  by  Lund,  Owen,  Burmeister,  Ger- 
vais,  Huxley,  Flower,  Desmarest,  Aymard,  Pictet,  and  Nodot 
Darwin  and  Wallace  have  likewise  contributed  valuable  infor- 
mation on  this  subject,  as  they  have  on  nearly  all  forms  of  life. 

In  this  long  history  of  ancient  life  I  have  said  nothing  of 
what  Life  itself  really  is.  And  for  the  best  of  reasons,  because 
I  know  nothing.  Here  at  present  our  ignorance  is  dense,  and 
yet  we  need  not  despair.  Light,  Heat,  Electricity,  and  Magnet- 
ism, Chemical  Affinity  and  Motion,  are  now  considered  different 
forms  of  the  same  force ;  and  the  opinion  is  rapidly  gaining 
ground  that  Life,  or  vital  force,  is  only  another  phase  of  the 
same  power.  Possibly  the  great  mystery  of  Life  may  thus  be 
solved,  but  whether  it  be  or  not,  a  true  faith  in  Science  knows 
no  limit  to  its  search  for  Truth. 
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Art.  XLin. — Note  on  the  Helderberg  Formation  of  Bamardston^ 
MassachuseliSj  and  Vernon,  Vermont;  by  James  D.  Dana. 

• 

In  examinations  of  the  Bernardston  Helderberg  formation 
which  were  the  basis  of  my  former  paper  **  On  the  Rocks  of 
the  Helderberg  era  in  the  Valley  of  the  Connecticut"*  my 
main  purpose  was  lithological — that  is,  to  ascertain  and  point 
out  the  kmds  of  crystalline  rocks  that  were  comprised  within 
terranes  of  Helderberg  (later  Upper  Silurian)  age.  The  con- 
formable position  of  the  Bernardston  limestone  beneath  strata 
of  quartzyte  and  slate,  first  made  known  by  Professor  Edward 
Hitchcock,t  I  found  to  be,  as  I  thought,  a  fact;  and  from 
there  I  traced  the  quartzyte  at  intervals,  along  with  the  slate — 
a  peculiar  mica  slate  easily  distinguished  by  the  minute  garnets 
which  gave  its  lay^ns  a  pimpled  surface,  and  the  small  crystals 
of  mica  set  transversely  to  the  lamination — over  the  country, 
to  South  Vernon  in  Vermont;  and  announced  in  my  paper 
that  the  Helderberg  formation  included,  besides  the  quartzyte 
and  mica  slate,  beds  of  compact  green  hornblende  i-ock,  a  rock 
of  the  composition  of  syenyte,  staurolitic  mica  slate,  coarse 
mica  schist,  whitish  and  grayish  quartzose  gneiss,  and  all 
stages  of  passage  between  quartzyte  and  gneiss. 

Recently,  Professor  C.  H.  Hitchcock,  in  the  Second  Volume 
of  his  Report  on  the  Geology  of  New  Hampshire,t  and  more 
briefly  in  a  note  in  this  Journal,§  has  suggested  that  the  order 
of  stratification  at  the  limestone  locality  is  not  the  true  order; 
that  the  rocks  may  be  "  in  an  inverted  position  :"  that  the 
limestone  stratum  may  have  overlaid  both,  the  other  formations, 
that  is,  the  quartzyte  and  mica  slate ;  |  that  "  the  limestone 
occupies  a  small  valley  in  the  quartzyte."^  Having,  through 
this  supposition,  made  the  limestone  the  newest  of  the  forma- 
tions, he  concludes,  further,  that  the  mica  slate,  now  lying  over 
it,  is  not  necessarily  Helderberg ;  that  the  horni)lende  rocks 
and  gneiss  of  Vernon  are  not  necessarily  of  the  Helderberg 
series,**  and  neither  the  staurolitic  slate ;  that  a  long  period 

♦This  Journal,  m,  vi,  339. 

f  Report  on  the  Geology,  etc.  of  Massachusetts,  by  E.  Hitchcock,  8to,  1833, 
p.  295 ;  Report  of  Amer.  Assoc,  for  1851,  p.  299 ;  Report  Oeol.  of  Yermont, 
2  Yols.  4to,  1861,  p.  447.  This  last  notice  was  prepared  in  conjunction  with  Mr. 
0.  H.  Hitchcock.  It  gives  a  section  representUig  the  limestone  dipping  beneath 
quartzyte  and  slate. 

1  Page  428  and  beyond,  1877.  g  Vol.  ziii,  page  313,  April,  1877. 

[Ibid.  f  Report  New  Hampshire,  yol.  ii,  p.  455. 

**  It  should  be  added  here  that  the  yolume  of  the  K.  Hampshire  Geological 
Report  referred  to  conyeys  on  an  eariier  page  (p.  18),  a  different  opinion  as  to  the 
limits  of  the  Helderberg,  where  it  is  stated  that  the  Connecticut  Valley  Helder- 
berg series  consists  of  seyeral  thousand  feet  in  thickness  of  quartzytee,  limestones, 
Blatos,  conglomerates,  sandstones,  flags,  and  probably  hornblende  schists. 
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intervened  between  the  deposition  of  the  hornblendic  stratum 
and  quartzyte. 

While  thus  dissenting  from  my  conclusions.  Professor  Hitch- 
cock adopts  my  suggestion  that  the  garqetiferous  mica  slate 
which  overlies  the  quartzyte  and  limestone  at  the  Bemardston 
limestone  locality  is  identical  with  the  Coos  slate  of  the  CJon- 
necticut  Valley  in  all  its  characters  and  age,  and  hence  that  ^ 
the  former  should  turn  out  after  all  to  be  Helderberg,  the 
Cods  formation  (which  extends  up  the  valley  to  Canada,  accord- 
ing  to  Professor  Hitchcock)  is  also  Helderberg  or  later  Uppa* 
Silurian. 

These  differences  of  opiniou,  and  the  wide  bearing  of  the 
facts  on  New  England  geology  have  led  me  to  revisit  the  place 
and  examine  it  anew.  In  my  former  paper  I  closed  by  statin? 
my  intention,  another  season,  to  study  the  stratigraphicju 
details  of  the  region,  and  trace  out  the  limits  or  range  of  the 
formations  southward  along  the  Connecticut  Valley.  But 
other  geological  work  in  Western  and  Southern  New  England, 
and  on  the  islands  off  its  southern  coast,  have  since  occupied 
such  leisure  time  as  I  could  command.  In  my  recent  visit  to 
Bernardston  I  was  accompanied  by  Professor  B.  KL  Emerson,  of 
Amherat  College;  and  it  is  a  great  satisfaction  to  know  that  he 
will  give  the  whole  subject  a  careful  and  thorough  study,  and 
connect  it  with  a  general  geological  survey  of  Central  and 
Western  Massachusetts — work  for  which  he  is  eminently  fitted. 

To  facilitate  explanations  I  repeat  the  section  of  the  strata 
at  the  Bernardston  locality  before  published,  with  one  correc- 
tion. No.  8,  the  blocked  area,  represents  the  stratum  of 
Crinoidal  limestone ;  Nos.  1  and  4,  dotted  areas,  an  underlying 
and  an  overlying  stratum  of  quartzyte ;  and  Nos.  2  and  5, 
finely  lined  areas,  an  underlying  and  an  overlying  stratum  of 
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garnetiferous  mica  slate.  The  succession  and  position  are  the 
same  as  in  the  section  by  Professor  Hitchcock  in  the  Vermont 
Geological  Eeport,  excepting  the  omission  here  of  a  layer  of  slate 
immediately  over  the  limestone. 

The  conclusions  which  the  facts  appear  to  me  to  sustain,  in 
opposition  to  those  set  forth  by  Professor  C.  H.  Hitchcock  in 
the  New  Hampshire  Report  of  1877,  but  mostly  in  agreement 
with  Mr.  C.  H.  Hitchcock  of  the  Vermont  Report*  (p.  598)  of 
1861 — are  the  following  : 

*  The  YermoDt  Report  makee  no  mention,  in  the  chapter  on  the  Bemardstoe 
limestone  (p.  447),  of  the  hornblende  rooks,  gneiss,  etc.,  of  the  adjoining  regioo 
on  the  east    But  on  page  598,  in  an  account  of  **  Section  I,"  extending  acroea  the 
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1.  That  the  quartzyte  is  Helderberg  as  much  as  the  lime- 
stone. 

2.  That  the  garnetiferous  mica  slate  is  equ&Uy  Helderberg. 
8.  That  the  limestone  is  a  local  deposit  between  the  other 

members  of  the  Helderberg  formation. 

4.  That  hornblende  rocks,  staurolitic  slate,  mica  schist  and 
gneiss  of  the  adjoining  region  on  the  east  and  northeast  are  of 
one  and  the  same  geological  formation. 

1.  I7ie  Quartzyte  is  of  the  Helderberg  formation.  The  overly- 
ing quartzyte  (No.  4)  besides  occurring  in  large  outcrops  over 
the  hill-siae,  constitutes  the  upper  two  to  four  feet  of  the  vertical 
section  exposed  in  a'  portion  of  the  limestone  quarry.  This 
alone  proves  its  conformable  position  and  close  relation  to  the 
limestone.  But  further,  while  this  overlying  quartzyte  is  in 
part  very  compact  and  solid,  some  portions  are  veiy  cellular  from 
the  removal  of  calcareous  matter  and  pyrite,  and  also  from  the 
removal  of  fossila  The  first  of  the  tossils  was  found  by  Pro- 
fessor Emerson,  while  we  were  together,  and  was  a  cast  of  a 
Pentamerus;  and  both  of  us  afterward  obtained  other  specimens. 
The  casts  were  too  imperfect  for  a  decision  as  to  the  species; 
but  they  appear  to  show  that  it  was  nearly  equal  in  height  and 
breadth,  and  without  cost«6,  which  are  characteristics  of  the 
P.  psevdo-galeatus,  a  Lower  Helderberg  species.  Besides  these 
brachiopods,  there  were  in  the  same  layera  of  the  quartzjrte 
numerous  fragments  of  crinoidal  sterns^  mostly  of  small  species. 
Some  of  the  laminse  of  this  quartzyte  have  between  them  mica 
in  scales,  so  as  to  look  in  a  surface  view  like  mica  schist. 

The  fact  that  there  is  conformability  between  the  limestone 
and  quartzyte  is  hence  beyond  question.  And  it  is  equally  cer- 
tain that,  overturned  or  not,  the  quartzyte  belongs  to  the  same 

Bouth  extremity  of  the  State  near  the  Massachusetts  boundary,  Mr.  G.  H.  Hitch- 
cock describes  the  hornblende  rocks  of  Yemon  and  Bemardston  as  associated 
with  gneiss  and  mica  schists ;  states  that  the  mica  schist  west  of  South  Yemon 
conti^is  chiastolite  [staurolite  ?J ;  speaks  of  the  gneiss  as  graduating  insensibly 
into  the  quartz  rock,  as  in  some  places  difficult  to  be  distinguished  from  gpranite, 
as  also  "  invariably  resting  upon  the  quartz  rock"  and  hence  "  newer"  than  it ; 
as,  therefore,  probably  of  tiie  Upper  Helderberg  age,  like  the  Bemardston  lime- 
stone (Hall's  first  determination),  which  rests  on  the  same  quartz  rock ;  thus  mak- 
ing the  whole  series  Upper  Helderberg.  The  unoonformability  of  the  quartz 
rock  series  on  the  day  slate  is  also  recc^ized. 

If  these  were  still  his  views,  excepting  the  change  of  Upper  Helderberg  to 
Lower  Helderberg,  we  should  be  in  close  agreement  In  my  arguments  above,  I 
am  in  fact  sustaining  Mr.  0.  H.  Hitchcock  of  1861,  against  Professor  G.  H.  Hitch- 
cock of  1877)  whose  later  conclusions  have  been  influenced  by  his  faith  in  tiie 
lithological  test  of  geological  age,  and  his  imbelief  in  the  existence  of  gneiss-like 
metamorphic  rocks  of  later  date  than  Cambrian. 

The  suspicion  that  G.  H.  Hitchcock  may  not  have  been  the  author  df  the  notes 
on  Section  I  is  apparenUy  set  aside  by  the  heading  of  the  Chapter,  "Notes  on  the 
Sections,  by  G.  H.  Hitchcock,"  and  the  absence  of  any  statement  that  the  notes  on 
Section  I  were  prepared  by  any  other  person. 
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era  with  the  crinoidal  limestone;  for  the  former  really  grad oats 
iDto  the  latter  as  its  calcareous  matter  and  fossils  show. 

2.  The  gamettferotis  mica  slate  is  of  the  HMerberg  fbrTna&om.— 
This  is  demonstrated  by  the  existence  of  a  stratnm  of  gara^t- 
iferous  mica  slate  (No.  2,  in  the  section,  p.  S&O,)    heneaA  thr 
limestone  as  well  as  one  (No.  6)  above.     This  inferior  mica 
slate  wants  the  little  disseminated  crystals  of  mica  common  hi 
the  other;   but  it  is  pimpled    with  garnets  like  that      Tb^ 
line  of  outcrops  extends  for  several  rods,  and  runs  along  within 
a  few  yards  of  the  limestone,  at  the  nearest  point  hardly  a  yard 
of  earth  intervening ;  and  the  strike  and  dip  throughout  cor 
respond  with  that  of  the  limestone  adjoining.     Having  garnet- 
iferous  mica  slate  below  the  limestone  as  well  as  above,  and 
the  three  strata  conformable  in  dip,  there  can  be  no  reasonabk 
doubt  that  all  are  of  one  formation.     The  limestone  stratum  is 
so  placed  with  reference  to  those  above  and  below  that  it  coqM 
not  have  been  originally  at  the  top,  and  the  newest  of  the  saies. 
Whatever  faulting  or  inversion  be  supposed,  it  must  have  had 
originally,  as  it  has  now,  an  overlying  and  an  underlying  miea 
slate. 

8.  The  HmesUme  a  local  deposit  in  the  Helderberg  JbnncUkm,— 
The  fact  that  the  limestone  has  not  been  observed  elsewhere  Ir 
the  r^on  is  no  evidence  of  independent  and  later  formatioo. 
It  is  plainly  an  isolated  bed,  of  limited  lateral  extent,  Uhe  thox 
that  are  so  common  in  the  undely  spread  ^^Calciferous  mica  schitt" 
of  the  Cbnnecticut  Valley.  The  ^ct  that  it  is  a  wed^e-shaped 
mass  thus  isolated  is  evident;  for  iust  north  of  the  main  quarrr 
it  soon  thins  out,  (together  with  the  thin  underlying  stratum  of 
mica  slate)  through  the  approach  and  junction  of  the  overlying 
and  underlying  quartzyte.  Fossils,  if  found  in  any  of  the  maDV 
isolated  calcareous  deposits  in  the  "  Calciferous  mica  schist,'' 
would  be  r^arded  as  showing  tlie  age  of  the  schist ;  and  so  it 
should  be  here. 

Professor  Hitchcock  says  that  if  the  Coos  slate  is  Helderbeig,  * 
the  Calciferous  mica  schist  is  unquestionably  so  too.    Admitting 
this  to  be  true,  the  parallelism  between  the  Bemardsten  lime- 
stone and  the  isolated  calcareous  deposits  in  the  schist  becomes 
complete.* 

4.  The  hornblende  rocks^  staurolitic  shUe^  mica  schist  and  asso- 
ciated gneiss  are  of  the  Helderberg  formation. — As  limestone  has 
been  found  in  the  region  only  at  the  one  locality  in  Bernards- 
ton,  the  evidence  of  equivalence  has  to  be  derived  from  the 
distribution  of  its  associated  rocks.  This  evidence,  east  and 
northeast  of  the  Bernardston  village-plain,  is  as  follows : 

(1.)  The  same  gametiferous  mica  slate  with  disseminated 
brown  mica  crystals  set  transversely  that  occurs  associated 

*  My  knowledge  of  the  rook  fbrmationa  of  Western  Yermont  is  not  snflksleDt  to 
warrant  an  independent  opinion  with  regard  to  the  **0akiferou8  nsioa  sohlat" 
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with  quartzyte  at  the  Bernardston  locality  on  the  west  side  of 
the  Bernardston  plain  occurs  associated  with  quartzyte  at 
different  points  between  Bernardston  and  Vernon.  It  some- 
times dips  beneath  quartzyte  and  sometimes  overlies  it 

(2.)  Outcrops  of  the  quartzyte  and  the  peculiar  Bernardston 
mica  slate  together  appear  east  and  northeast  of  Bernardston 
within  one  to  one  ana  a  half  miles  of  the  Crinoidal  limestone 
locality  (the  intervening  flat  valley  being  under  drift  and 
alluvium),  and  at  intervals  beyond,  to  Vernon,  with  the  same 
aspect  and  conformable  superposition  as  at  the  limestone 
locality. 

(8.)  In  the  same  region,  hornblende  rocks,  staurolitic  slate, 
gneiss  and  mica  schist  occur  in  alternating  beds  with  the 
Bernardston  mica  slate  and  quartzyte. 

A  mile  and  a  half  east  of  Bernardston,*  the  Bernardston 
mica  slate  occurs  in  alternating  beds  with  the  hornblende  rock, 
— a  gray-green  compact  rock,  not  schistose — with  so  obvious 
junctions  that  the  alternation  cannot  be  questioned.  The  horn- 
blende rock  (1)  dips  beneath  (2)  mica  slate ;  this  beneath  (8) 
hornblende  rock;  and  the  last  beneath  (4)  mica  slate  again. 
Whether  there  is  a  fault  between  2  and  8  is  not  certain  ;  but  it 
is  unquestionable  that  1  and  2.  and  8  and  4  are  strictly  con- 
formable. Part  of  the  hornblende  rock  is  speckled  white  with 
quartzyte  and  feldspar  and  is  like  a  quartzytic  syenite  in  con- 
stitution, though  unlike  true  syenyte  in  aspect 

Again :  a  mile  to  the  north  of  the  last-mentioned  locality 
and  less  than  a  mile  and  a  half  northeast  of  the  Bernardston 
limestone  locality,  the  same  peculiar  mica  slate  may  be  seen, 
dipping  at  a  small  angle  beneath  a  stratum  of  quartzjte,  the 
conformability,  as  in  other  cases  in  the  region,  unquestionable. 
Now  this  c^uaitzyte  stratum,  while  in  part  quartzyte,  is  partly 
a  tough  micaceous  rock  consisting  chiefly  of  aggregated  scales 
of  brown  mica,  but  with  some  hornblende  and  quartz. 

Again :  the  Bernardston  slate  of  the  locality  just  mentioned 
extends  eastward  and  is  the  same  stratum,  as  well  as  the  same 
kind  of  slate,  with  that  of  Puiple's  quarry,  described  in  my 
former  paper ;  which  slate  contams  occasional  crystals  of  stau- 
roHle.  Hence  the  Bernardston  slate  which  alternates  with 
quartzyte  is  in  some  places  a  staurolitic  slate.  Another  place, 
farther  east,  is  mentioned  in  my  former  paper  where  the  slate 
is  abundantly  staurolitic. 

Again :  in  Vernon,  four  to  five  miles  northwest  of  South 
Vernon,  where  the  quartzyte  is  largely  exposed  to  view,  one 
of  the  quartzyte  knolls  consists  partly  of  mica  rock  like  that 
above  described,  made  up  mainly  of  aggregated  scales  of  brown 
mica  but  containing  distributed  through  it  some  quartz  and 
*  For  the  pofdtion  of  thii  locality  see  mj  fonner  paper. 
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hornblende.  In  other  outcrops  in  the  field  adjoining,  the  rock  is 
mostly  true  quartzyte,  but  partly  a  green  compact  hornblende 
rock,  with  insensible  gradations  between  it  and  the  quartzyte. 

Again  :  at  South  Vernon,  over  the  slopes  nearly  west  of  the 
hotel,  there  occur — first  quartzyte,  but  with  it,  and  graduating 
into  it,  the  compact  green  hornblende  rock ;  then,  high  up  the 
slope,  a  coarge  gametiferous  mica  schist  consisting  mainly  of 
brown  mica,  which  is  nothing  but  a  coarse  form  of  the  Ber- 
nardston  slate ;  and  in  this  mica  schist  there  are  homblendic 
layers ;  and  some  beds  which  consist  of  a  quartzytic  syenyte, 
though  with  the  hornblende  grains  in  slender  crystals. 

Again :  between  Vernon  Center  and  South  Vernon,  there 
are  outcrops  showing  the  transition  between  the  quartzyte  and 
a  quartzytic  gneiss.  The  gneiss  has  the  aspect  of  any  ordinary 
ligat-colored  thick-bedded  gneiss.  But  it  is  all  quartzytic,  dnd 
in  part  very  largely  so. 

Besides  this  light-colored  quartzytic  gneiss,  there  is  also, 
north  of  South  Vernon,  quartzytic  syenite,  a  whitish  rock  con- 
taining small  grains  of  greenish  hornblende,  rather  sparsely  dis- 
seminated, without  mica,  and  making  a  handsome  rock  which 
might  at  first  be  taken  for  a  white  granite. 

5.  Conclusion, — Thus,  the  region  affords  examples  (1)  of  the 
interstraiification  of  the  quartzyte  and  Bernardston  mica  slate, 
with  a  green  massive  hornblende  rock ;  with  a  syenytic  rock; 
with  gneiss;  and  with  coarse  mica  schist;  (2)  of  transitions  of 
the  Bernardston  mica  slate  into  staurolitic  slate  and  mica  schist ; 
and  (3)  of  transitions  of  the  quartzyte  into  (a)  micaceous  quartz- 
yte ;  (b)  a  tough  quartzytic  mica  rock,  more  or  less  homblendic; 
(c)  quartzytic  gneiss  often  granitoid :  (4)  green  hornblende  rock ; 
and  (5)"  syenyte,  besides  various  intermediate  forms.  For  some 
other  examples  of  these  transitions  I  refer  to  my  former  paper. 

The  demonstration  is  certainly  complete  that  whatever  the 
age  of  the  quartzyte  and  the  associated  Bernardston  mica  slate, 
the  same  is  the  age  of  the  rocks  above  mentioned ;  and  that 
the  fossils  of  the  Bernardston  locality  decide  the  age  approxi- 
mately for  the  series ;  and  finally,  that  all  are  of  the  Helderberg 
formation  or  later  Upper  Silurian,  if  that  is  true  of  the  Cri- 
noidal  limestone. 

6.  Lithological  characteristics, — In  using  the  lithological  test 
of  geological  age  it  must  hence  be  noted  that  the  following  may 
be  rocks  of  metamorphic  Upper  Silurian  formations :  mica  slate 
and  schist;  staurolitic  mica  slate;  homblendic  rocks,  varying 
from  a  kind  consisting  mainly  of  green  hornblende  to  a  quartz- 
ytic syenyte,  and  homblendic  quartzyte ;  quartzytic  gneiss ;  true 
gneiss ;  micaceous  quartzyte ;  quartzyte. 

The  minerals  included  among  the  abundant  metamorphic 
species  are :  brown  and  white  mica,  the  former  much  the  most 
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common;  staurolite;  green  and  black  hornblende;  orthoclase; 
garnet;  along  with  pyrite,  magnetite,  and  granular  limestone.* 

The  mica  slate  and  schist  and  the  staurolitic  mica  slate  are 
not  distinguishable  from  kinds  that  are  of  earlier  age. 

The  hornblende  rocks  are  peculiar.  Those  which  are  made 
mainly  of  hornblende  have  a  dark  green  color,  and  are  massive, 
often  indistinct  in  bedding  instead  .of  schistose  and  much 
jointed.  The  larger  part  consist  of  minute  interlaced  fibers ; 
with  sometimes  whitish  spots  giving  the  rock  a  porphyritic 
aspect,  which  spots  consist  of  quartzyte  combined  usually  with 
grains  of  orthclase.  Thin  slices  in  polarized  light  under  the 
microscope  are  beautiful  objects.  A  cleavable  granular  variety 
occurs  but  is  less  common.  Coarser  kinds  have  the  hornblende 
in  oblong  pointed  crystals  imbedded  in  fine  grained  quartzyte 
or  quartzyte  and  orthoclase. 

The  whitish  quartzytic  syenite  mentioned  on  the  preceding 

Sage  is  peculiar  in  having  a  very  fine  grain;  the  hornblende 
ark  green  in  color,  and  generally  in  oblong  grains ;  and  the 
whiter  portions  of  the  rock  of  an  opaque  white  color  and  made 
up  mostly  of  grains  of  orthoclase.  In  a  thin  slice,  these  whiter 
portions  lie  between  othera  that  are  pellucid  and  consist  of 
quartz  grains  with  few  of  feldspar. 

The  gneiss  also  is  peculiar.  It  generally  consists  very 
largely  of  grains  of  quartz,  even  where  looking  to  the  eye  like 
a  true  gneiss.  The  mica  is  almost  solely  the  brown  kind  and  is 
like  that  of  the  mica  slate,  though  often  seeming  to  have  as  little 
elasticity  as  chlorite;  and  the  regular  disposition  of  the  spots 
of  mica,  give  to  the  most  quartzytic  varieties  a  strikingly 
gneiss-like  look.  Professor  Hitchcock  refers  the  rock  to  the 
Sethlehem  gneiss.  But  "  the  most  characteristic  of  the  rocks 
comprising  this  formation,"  he  says,  speaking  of  the  Bethlehem 
gneiss,  *'  is  a  reddish  granitic  gneiss,  the  flesh-colored  orthoclase 
predominating,  with  chloritic  or  some  hydro-micaceous  mineral 
in  place  of  ordinary  mica,  and  quartz  in  variable  proportions** 
(Report,  p.  106);  and  to  such  a  rock  it  has  little  resemblance. 
Yet,  it  is  to  be  admitted  that  there  is  nothing  in  the  amount 
of  orthoclase  in  characteristic  "  Bethlehem  gneiss"  which  renders 
connection  with  a  Helderberg  formation  improbable. 

The  quartzyte  in  some  places — ^as  two  miles  west  of  South 
Vernon, — contains  much  pearly  mica  (hydrous  mica?);  a 
weathered  surface  of  such  a  specimen  shows  that  the  rock 
consists  mainly  of  quartz.  In  other  places  the  quartzyte  is 
marked  with  dark-gray  and  blackish  lines  where  the  mica  is 
not  distinguishable  witnout  a  glass.  All  of  it  indicates  by  its 
fineness  of  texture,  and  sometimes  even  flinty  aspect,  that  the 
quartz  sand  of  which  it  was  made  was  very  finely  comminuted, 
and  not  coarse  like  that  from  which  tne  Green  Mountain 
Am.  Jocni.  Boi.— Thibd  Sbbibs,  Vol.  XIV,  No.  88.— Nov.,  1877. 
96 
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quartzyte  was  made;  and  hence  that  the  region,  when  the 
deposition  took  place,  was  not  the  border  of  the  open 


7.   Origin  of  the  Bocks. — ^To  understand  the  rocks  of   this 
Helderberg  region,  it  raust.be  borne  in  mind:  that  quartzyte 
beds  in  ^heir  original  state,  that  is,  beds  of  quartz  sand,  may 
have  been  formed  at  different  times  in  the  course  of  the  era, 
owing  to  changes  of  level  or  of  currents ;  that  the  sand  beds — 
like  those  of  any  other  era  and  of  the  present  time — would,  io  • 
many  places,. have  had  more  or  less  earthy  material  (ground-up 
crystalline  rock)  with  the  quartz  sand,  so  that  metamorpbism 
could  not  make  pure  quartzyte  out  of  it,  but  mi^ht  make  a 
micaceous  or  gneissoid  quartzyte,  or  a  quartzy tic  gneiss,  accord- 
ing to  the  nature  of  the  earthy  material  present;  that  while 
sand-beds  were  formed  where  the  currents  were  rapid  enough 
for  the  purpose,  mud-beds  would  have  formed  where  the  waters 
were  more  quiet,  as  now  on  all  coasts  (for  sand-beds '  never 
exist  along  shores  without  cotemporaneous  mud-beds  within  a 
distance  that  is  not  great) ;  and  that  from  these  mud -beds,  or 
beds  of  finely  triturated  rocks,  the  mica  slate,  mica  schist,  or 
mica  rock»  and  the  hornblende  rocks  would  have  been  pro- 
duced.    The  existence  of  some  potash  and  alumina  in    the 
triturated  rock  or  mud  (both  ingredients  of  orthoclase)  would 
have  favored  the  formation  of  brown  mica«(biotite)  by  meta- 
morpbism, while  the  presence  of  lime  or  rather  .a  calcium  com- 
pound, that  of  hornblende :  magnesia  and  iron  being  in  about 
the  same  proportion  in  the  hornblende  as  in  the  mica.     Anal- 
yses of  average  biotite  and  dark  green  hornblende  afford : 

Blotlte.  Hornbleode. 

Silica 40  46 

Alumina 18  10-12 

Iron  protoxide      )  ,q  .^ 

Iron  sesqnioxide  f   

Magnesia 22  20 

Lime 14 

Potash 10 

The  magnesia  would  have  come  from  the  trituration  of  such 
older  rocks  as  are  made  partly  or  wholly  of  minerals  contain- 
ing it;  of  which  minerals,  hornblende  and  biotite  are  the  most 
common. 

Admitting  the  Coos  formation  of  Professor  Hitchcock,  and 
the  Calciferous  mica  schist  adjoining  it,  to  be  of  the  same 
formation  with  the  mica  slate,  quartzyte,  and  hornblende  rocks 
of  the  Bernardston  and  Vernon  region,  which  Professor  H. 
states  to  be  a  fact,  this  Helderberg  formation  stretches  north- 
ward beyond  the  boundary  of  New  England,  with  a  breadth 
along  the  Connecticut  Valley  of  fifteen  to  thirty  miles  or  more: 


Digitized  by  VjOOQIC 


W.  Pengdly — Oavem  Exploration  in  Devonshire.        887 

breadth  enough  where  narrowest — as  at  Bernardston — for  a 
clear  sea  good  for  growing  corals  and  crinoida  Whether  Pro- 
fessor Hitchcock*s  Lisbon  and  Lyman  groups,  which  he  refers 
to  the  Huronian,  are  not  to  be  included,  remains  to  be  ascer- 
tained, as  indicated  on  page  817  of  this  volume.  Adding 
them,  it  would  follow  that  the  Connecticut  bay  or  channel  of 
the  Helderberg  era  covered  a  large  part  of  Northern  New  Hamp- 
shire, and  was  connected  with  a  great  area  in  Maine  marked  off 
by  the  occurrence  of  Helderberg  and  Devonian  fossils. 


Abt.  XLTV.  —  HisUyry  of  Cavern  Exploration  in  Devonshire^ 
England;  by  W.  Pbngelly,  F.RS.,  RG.S.,  President  of  thfi 
Geological  Section  of  the  British  Association  at  Plymouth. 

[Oontinued  from  ptge  308.] 

Brixham  Cavern. — Early  in  1858  an  unsuspected  cavern  was 
broken  into  by  quarrymen  at  the  northwestern  angle  of  Wind- 
mill Hill  at  Brixham,  at  a  point  seventy-five  feet  above  the 
surface  of  the  street,  almost  vertically  below,  and  100  feet  above 
mean  tide.  On  beine  found  to  contain  bones,  a  lease  in  it  was 
secured  for  the  Geological  Society  of  London,  who  appointed 
a  committee  of  their  members  to  undertake  its  exploration ; 
funds  were  voted  by  the  Royal  Society,  and  supplemented  by 
private  subscriptions;  the  conduct  of  the  investigation  was 
intrusted  to  Mr.  Prestwich  and  myself ;  and  the  work,  under 
my  superintendance,  as  the  only  resident  member  of  the 
committee,  was  begun  in  July,  1858,  and  completed  at  mid- 
summer. 1859. 

The  cavern,  comprised  within  a  space  of  185  feet  fix>m  north' 
to  south,  and  100  from  east  to  west,  consisted  of  a'  series  of 
tunnel  galleries  from  six  to  eight  feet  in  greatest  width,  and 
ten  to  fourteen  feet  in  height,  with  two  small  chambers  and 
five  external  entrances. 

The  deposits,  in  descending  order,  were: — 

1st,  or  uppermost;  a  floor  of  stalagmite,  from  a  few  inches 
to  a  foot  thick,  and  continuous  over  very  considerable  areas, 
but  not  throughout  the  entire  cavern. 

2d.  A  mass  of  small  angular  fragments  of  limestone,  cemented 
into  a  firm  concrete  with  carbonate  of  lime,  commenced  at  the 
principal  entrance,  which  it  completely  filled,  and  whence  it 
extended  thirty-four  feet  only.    It  was  termed  the.  first  bed. 

Sd.  A  layer  of  blackish  matter,  about  twelve  feet  long,  and 
nowhere  more  than  a  foot  thick,  occurred  immediately  beneath 
the  first  bed,  and  was  designated  the  second  bed. 
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4th.  A  red,  tenacious,  clayey  loam,  containing  a  large  num- 
ber of  angular  and  subangular  fragments  of  limestone,  varying 
from  very  small  bits  to  blocks  a  ton  in  weight,  made  up  the 
third  bed.  Pebbles  of  trap,  quartz  and  limestone  were  some- 
what prevalent,  whilst  nodules  of  brown  hematite  and  blocks  • 
of  stalagmite  were  occasionally  met  with  in  it  The  usual 
depth  of  the  bed  was  from  two  to  four  feet,  but  this  was  ex- 
ceeded by  four  or  five  feet  in  two  localities. 

5th.  The  third  bed  lay  immediately  on  an  accumulation  of 
pebbles  of  quartz,  greenstone,  grit  and  limestone,  mixed  with 
small  fragments  of  shale.  The  depth  of  this,  known  as  the 
fourifi  or  gravel  bedy  was  undetermined ;  for,  excepting  a  few 
feet  only,  the  limestone  bottom  was  nowhere  reached.  There 
js  abundant  evidence  that  this  bed,  as  well  as  a  stalagmitic 
floor  which  had  covered  it,  had  been  partially  broken  up  and 
dislodged  before  the  introduction  of  the  third  bed. 

Organic  remains  were  found  in  the  stalagmitic  floor  and  in 
each  of  the  beds  beneath  it,  with  the  exception  of  the  second 
only ;  but  as  ninety-five  per  cent  of  the  whole  series  occurred 
in  the  third,  this  was  not  unfrequently  termed  the  6owe  bed. 

The  mammals  represented  iii  the  stalagmite  were  bear,  rein- 
deer, Rfiinoceros  tvcnorhinus^  mammoth,  and  cave  lion. 

The  first  bed  yielded  bear  and  fox  only. 

In  the  third  lied  were  fqpnd  relies  of  mammoth,  Rhinoceros 
tichorhintiSj  horse,  Bos  primigenius^  B,  longijrons,  red  deer,  rein- 
deer, roebuck,  cave  lion,  cave  hyaena,  cave  bear,  grizzly  bear, 
brown  bear,  fox,  hare,  rabbit,  Lagomys  spelceus^  water-vole, 
shrew,  polecat  and  weasel 

The  only  remains  met  with  .in  the  fourth  bed  were  those  of 
bear,  horse,  ox  and  mammoth. 

The  human  industrial  remains  exhumed  in  the  cavern  were 
flint  implements  and  a  hammer-stone,  and  occurred  in  the  third 
and  fourth  beds  only.  The  pieces  of  flint  met  with  were  thirty- 
six  in  number.  Of  these,  fifteen  ai^  held  to  show  evidence  of 
having  been  artificially  worked,  in  nine  the  workmanship  is 
rude  or  doubtful,  four  have  been  mislaid,  and  the  remainder 
are  believed  not  to  have  been  worked  at  all  (see  Phil.  Trans., 
vol.  clxiii,  1873,  pp.  561,  562).  Of  the  undoubted  tools,  eleven 
were  found  in  the  third  and  four  in  the  fourth  bed.  Two  of 
those  yielded  by  the  third  bed,  found  forty  feet  apart,  in  two 
distinct  but  adjacent  galleries,  and  one  a  month  before  the 
other,  proved  to  be  parts  of  one  and  the  same  nodufe-tool ;  and 
I  have  little  or  no  doubt  that  it  had  been  washed  out  of  the 
fourth  bed  and  re-deposited  in  the  third. 

The  hammer-stone  was  a  quartzite  pebble,  found  in  the  upper 
portion  of  the  fourth  bed,  and  bore  distinct  marks  of  the  use 
to  which  it  had  been  applied. 
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Speaking  of  the  discovery  of  the  tools  just  mentioned,  Mr. 
Prestwich  said  in  1859 : — "  It  was  not  until  I  had  myself  wit- 
nessed the  conditions  under  which  flint  implements  nad  been 
found  at  Brixham,  that  I  became  fully  impressed  with  the 
validity  of  the  doubts  thrown  upon  the  previously  prevailing 
opinions  with  respect  to  such  remains  in  caves"  (PhiL  Trans., 
1860,  p.  280) ;  and  according  to  Sir  C.  Lyell,  writing  in  1863 : 
— "  A  sudden  change  of  opinion  was  brought  about  in  England 
respecting  the  probable  coexistence,  at  a  former  period,  of  man 
ana  many  extmct  mammalia,  in  consequence  of  the  results 
obtained  from  the  careful  exploration  of  a  cave  at  Brixham. 
.  .  .  The  new  views  verr  generally  adopted  by  English  geolo- 
gists had  no  small  influence  on  the  subsequent  progress  of 
opinion  in  France"  ("  Antiquity  of  Man,"  pp.  96,  97). 

Bench  Cavern. — Early  in  1861  information  was  brought  me 
that  an  ossiferous  cave  had  just  been  discovered  at  Brixham, 
and,  an  visiting  the  spot,  I  found  that,  of  the  limestone  quarries 
worked  from  time  to  time  in  the  northern  slope  of  Furzeham 
Hill,  one  known  as  Bench  Quarry,  about  half  a  mile  due  north 
of  Windmill  Hill  Cavern,  and  almost  overhanging  Torbay,  had 
been  abandoned  in  1839,  and  that  work  had  been  recently 
resumed  in  it  It  appeared  that  in  1889  the  workmen  had  laid 
bare  the  greater  part  of  a  vertical  dike,  composed  of  red  clayey 
loam,  and  angular  pieces  of  limestone,  forming  a  coherent  wall- 
like mass,  twenty-seven  feet  high,  twelve  feet  long,  two  feet  in 
greatest  thickness,  and  at  its  base  123  feet  above  sea-level.  In 
the  face  of  it  lay  several  fine  relics  of  the  ordinary  cave  mam- 
mals, including  an  entire  left  lower  jaw  of  Hycena  spilcea  replete 
with  teeth,  but  which  had  nevertheless  failed  to  arrest  the 
attention  of  the  incurious  workmen  who  exposed  it,  or  of  any 
one  else. 

Soon  after  the  resumption  of  the  work  in  1861,  the  remnant 
of  the  outer  wall  of  the  fissure  was  removed,  and  caused  the 
fall  of  an  incoherent  part  6i  the  .dike,  which  it  had  previously 
supported.  Amongst  the  dSxris  the  workmen  collected  some 
hundreds  of  specimens  of  skulls,  jaws,  teeth,  vertebrae,  portions 
of  antlers,  andf  bones,  but  no  indications  of  man.  Mr.  Wolston, 
the  proprietor,  sent  some  of  the  choicest  specimens  to  the 
British  Museum,  and  submitted  the  remainder  to  Mr.  Ayshford 
Sanford,  F.G.S.,  from  whom  I  learn  that  the  principal  portion 
of  them  are  relics  of  the  cave  hysona,  from  tne  unborn  whelp 
to  very  aged  animals.  With  them;  however,  were  remains  of 
bear,  reindeer,  ox,  hare,  Arvicola  ratticeps,  A.  agrestis,  wolf,  fox, 
and  part  of  a  single  maxillary  with  teeth  not  distinguishable 
from  those  of  Cants  isatis.  To  this  list  I  may  add  rhinoceros, 
of  which  Mr.  Wolston  showed  me  at  least  one  bone. 
From  the  foregoing    undesirably,    but    unavoidably,  brief 
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descriptions,  it  will  be  seen  that  the  Devonshire  caveros,  to 
which  attention  has  been  now  directed,  belong  to  two  classea, 
— those  of  Oreston,  the  Ash-Bole,  and  Bench  being  Fissure 
Caves ;  whilst  those  of  Yealm  Bridge,  Windmill  Hill  at  Brix- 
ham,  Kent*s  Hole,  and  Ansty^s  Cove  are  Tunnd  Caves. 

Windmill  Hill  and  Kents  Hole  Caverns  have  alone  been 
satisfactorily  explored;  and  besides  them  none  have  yielded 
evidence  of  the  contemporaneity  of  man  with  the  extinct  cave 
mammals. 

Oreston  is  distinguished  as  the  only  known  British  cavern 
which  has  yielded  remains  of  Rhinoceros  lepiorhinus  (Quart 
Journ.  Geol.  Soc.,  xxxvi,  p.  466). 

Yealm  Bridge  Cavern,  if  we  may  accept  Mr.  Bellamy's  iden- 
tification in  1886,  was  the  first  in  this  country  in  which  relics 
of  glutton  were  found  (South  Devon  Monthly  Museum,  vi,  pp. 
218-223;  see  also  '*Nat  Hist  S.  Devon,"  1839,  p.  89).  The 
same  species  was  found  in  the  caves  of  Somerset  and  Gl$Lmor- 
gan  in  1866  (Pleist  Mam.,  Pal.  Soa,  pp.  xxi,  xxii),  in  Kent's 
Hole  in  1869  (Rep.  Brit  Assoc.,  1869,  p.  207),  and  near  Plas 
Heaton,  in  North  Wales,  in  1870  (Quart.  Jour.  Geol.  See), 
xxvii,  p.  407). 

Kent's  Hole  is  the  only  known  British  cave  which  has 
afforded  remains  of  beaver  (Rep.  Brit  Assoc,  1369,  p.  208), 
and  up  to  the  present  year  the  only  one  in  which  the  remains 
of  Machverodus  laiidens  had  been  met  with.  Indeed  Mr.  Mac- 
Enery*s  statement,  that  he  found  in  1826  five  canines  and  one 
incisor  of  this  species  in  the  famous  Torquay  Cavern  was  held 
by  many  paleontologists  to  be  so  very  remarkable  as,  at  least 
to  approach  the  incredible,  until  the  Committee  now  engaged 
in  the  exploration  exhumed,  in  1872,  an  incisor  of  the  sam^ 
species,  and  thereby  confirmed  the  announcement  made  by 
their  distinguished  predecessor  nearly  half  a  centurv  before 
(Rep.  Brit  Assoc,  1872,  p.  46).  In  April  last  (1877)  the  Rev. 
J.  M.  Mello  was  able  to  inform  the  Geological  Society  of  Lon- 
don that  Derbyshire  had  shared  with  Devon  the  honor  of  hav- 
ing been  a  home  of  Machcerodus  latidensy  he  having  found  its 
canine  tooth  in  Robin  Hood  Cave  in  that  county,  and  that 
there,  as  in  Kent^s  Hole,  it  was  commingled  with  remains  of  the 
cave  hyaena  and  his  contemporaries  (Abs.  Proc  Geol.  Soc,  Na 
884,  pp.  3,  4). 

The  Ash-Hole,  as  we  have  already  seen,  afforded  the  first 
good  evidence  of  a  British  reindeer. 

In  looking  at  the  published  reports  on  the  two  fcunous  Tor- 
bay  caverns  it  will  be  found  that  they  have  certain  points  of 
resemblance  as  well  as  some  of  dissimilarity : 

1st  The  lowest  knowil  bed  in  each  is  composed  of  materials 
which,  while  they  differ  in  the  two  cases,  agree  in  being  such  as 
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may  have  been  furnished  by  the  districts  adjacent  to  the  cavern - 
hills  respectively,  but  not  by  the  hills  themselves,  and  must 
have  been  deposited  Dnor  to  the  existing  local  geographical 
conditions.  In  each,  this  bed  contained  flint  im^ements  and 
relics  of  bear,  but  in  neither  of  them  those  of  hyaena.  In  short, 
x\ie  fourth  bed  of  Windmill  Hill  Cavern,  Brixham,  and  the  breccia 
of  Kent's  Hole,  Torquay,  are  coeval,  and  belong  t©  what  I  have 
called  the  Ursine  period  of  the  latter. 

2d.  The  beds  just  mentioned  were  in  each  cavern  sealed 
with  a  sheet  of  stalagmite,  which  was  partially  broken  up,  and 
considerable  portions  of  the  subjacent  beds  were  dislodged 
before  the  introduction  of  the  beds  next  deposited, 

8d.  The  great  bone  bed,  both  at  Brixham  and  Torquay, 
consisted  of  red  clayey  loam,  with  a  large  percentage  of  angular 
fragments  of  limestone;  and  contained ^/2aie  implements  of  Qint 
and  chert,  inosculating  with  remains  of  mammoth,  the  tichorhine 
rhinoceros,  and  hyeena.  In  line,  the  cave-earth  of  Kent's  Hole 
and  the  third  bed  of  Brixham  Cavern  correspond  in  their  mate- 
rials, in  their  osseous  contents,  and  in  their  flint  tools.  They 
both  belong  to  what  I  have  named  the  Hyoenine  period  of  the 
Torquay  Cava 

But,  as  already  stated,  there  are  points  in  which  the  two  cav- 
erns differ : 

1st  While  Kent^s  Hole  was  the  home  of  man,  as  well  as  of 
the  contemporary  hyaena  during  the  absences  of  the  human 
occupant,  there  is  no  reason  to  suppose  that  either  man  or  any 
of  the  lower  animals  ever  did  more  than  make  occasional  visits 
to  BrixhaijL  cave.  The  latter  contained  no  flint  chips,  no  bone 
tools,  no  utilized  Pecfen-shells,  no  bits  of  charcoal,  and  no  copro- 
lites  of  hyaena,  all  of  which  occurred  in  the  cave-earth  of  Kent's 
Hole. 

2d.  In  the  Torquay  Cave,  relics  of  hyaena  were  much  more 
abundant  in  the  cave-earth  than  those  of  any  other  species. 
Taking  the  teeth  alone,  of  which  vast  numtJers  were  found, 
those  of  the  hyaena  amounted  to  about  80  per  cent  of  the  entire 
series,  notwithstanding  the  fact  that,  compared  with  most  of  the 
cave-mammals,  his  jaws,  when  furnished  completely,  possess 
but  few  teeth.  At  Brixham,  on  the  other  hand,  his  relics  of 
all  kinds  amounted  to  no  more  than  8*5  per  cent  of  all  the 
osseous  remains,  while  those  of  the  bear  rose  to  53  per  cent 

3d.  The  entrances  of  Brixham  Cavern  were  completely  filled 
up  and  its  history  suspended  not  later  than  the  end  of  the 
Paleolithic  era.  Nothing  occurred  within  it  from  the  days 
when  Devonshire  was  occupied  by  the  cave  and  grizzly  bears, 
reindeer,  rhinoceros,  cave  lion,  mammoth,  and  man,  whose  best 
tools  were  unpolished  flints,  until  the  quarrymen  broke  into  it 
'early  in  A.  D.  1858.     Kent's  Cavern,  on  the  contrary,  seems 
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to  have  never  been  closed,  never  unvisited  by  man,  from  tic 
earliest  Paleolithic  times  to  our  own,  with  the  possible  excep- 
tion of  the  Neolithic  era,  of  which  it  cannot  be  said  to  have 
yielded  any  certain  evidence. 

Though  mv  "History  of  Cavern  Exploration  in  Devonshire'' 
is  now  completed,  so  far  as  the  time  at  my  disposal  will  allow, 
and  so  far  as  the  materials  are  at  present  ripe  for  the  historian^  I 
venture  to  ask  your  further  induijeence  for  a  few  brief  moments 
while  passing  from  the  r^on  of  fact  to  that  of  inference. 

That  the  Kent's  Hole  men  of  the  Hyaenine  period — to  say 
nothing  at  present  of  their  predecessors  of  the  Breccia — belonged 
to  the  Pleistocene  times  of  the  biologist,  is  seen  in  the  fact  that 
they  were  contemporary  with  mammals  peculiar  to  and  charac- 
teristic of  those  times.  This  contemporaneity  proves  them  to 
have  belonged  to  the  Paleolithic  era  of  Britam  and  Western 
Europe  generally,  as  defined  bv  the  archeologist ;  and  this  is 
fully  confirmed  6y  their  unpolished  tools  of  flint  and  cherL 
That  they  were  prior  to  the  deposition  of  even  the  oldest  part 
of  the  peat  bogs  of  Denmark,  with  their  successive  layers  of 
beech,  pedunculated  oak,  sessile  oak,  and  Scotch  fir,  we  learn 
from  the  facts  that  even  the  lowest  zone  of  the  bogs  has  yielded 
no  bones  of  mammals  but  those  of  recent  species,  and  no  tools 
but  those  of  Neolithic  type;  whilst  even  the  granular  stalag- 
mite, the  uppermost  of  the  Hysenine  beds  in  Kent's  Hole,  has 
afforded  relics  of  mammoth.  Rhinoceros  tichorhinns^  cave  bear, 
and  cave  hyaena. 

That  the  men  of  the  Cave  Breccia,  or  Ursine  period,  to  whom 
we  now  turn,  were  of  still  higher  antiquity,  is  oovioos  from  the 
geological  position  of  their  mdustrial  remains.  That  the  two 
races  of  Troglodytes  were  separated  hj  a  wide  interval  of  time 
we  learn  from  the  sheet  ot  crystalhne  stalagmite,  sometimes 
twelve  feet  thick,  laid  down  after  the  deposition  of  the  breccia 
had  ceased,  and  before  the*  introduction  of  the  cave-earth  had 
begxin,  as  well  as  from  the  entire  change  in  the  materials  com- 
posing the  two  deposits.  But,  perhaps,  the  fact  which  most 
emphatically  indicates  the  chronological  value  of  this  interval 
is  the  difference  in  the  faunas.  In  the  cave-earth,  as  already 
stated,  the  remains  of  the  hysena  greatly  exceed  in  numb^ 
those  of  any  other  mammal ;  and  it  may  be  added  that  he  is 
also  disclosed  by  almost  every  relic  of  his  contemporaries — 
their  jaws  have,  through  his  agency,  lost  their  condyles  and 
lower  borders  ;  their  bones  are  fractured  afler  a  fashion  known 
by  experiment  to  be  his ;  and  the  splinters  into  which  they  are 
broken  are  deeply  scored  with  his  teeth-marks.  His  presence 
is  also  attested  by  the  abundance  of  his  droppings  in  every 
branch  of  the  cavern.  In  short,  Kent's  Hole  was  one  of  hi^ 
homes  ;  he  dragged  thither,  piecemeal,  such  animals  as  he  found 
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dead  near  it ;  and* the  well-known  habits  of  his  representatives 
of  our  day  have  led  us  to  expect  all  this  from  him.  When, 
however,  we  turn  to  the  breccia,  a  very  diflFerent  spectacle 
awaits  us.  We  meet  with  no  trace  whatever  of  his  presence, 
not  a  single  relic  of  his  skeleton,  not  a  bone  on  whicn  he  has 
operated,  not  a  coprolite  to  mark  as  much  as  a  visit  Can  it  be. 
doubted  that  had  he  then  occupied  our  country  he  would  have 
taken  up  his  abode  in  our  cavern  ?  Need  we  hesitate  to  regard 
this  entire  absence  of  all  traces  of  so  decided  a  cave-dweller  as 
a  proof  *that  he  had  not  yet  made  his  advent  in  Britain  ?  Are 
we  not  compelled  to  believe  that  man  formed  part  of  the  Devon- 
shire fauna  long  before  the  hysena  did?  Is  there  any  method 
of  escaping  the  conclusion  that  between  the  era  of  the  Breccia 
and  that  of  the  Cave-eartB  it  was  possible  for  the  hyaena  to 
reach  Britain  ? — in  other  words,  that  the  last  continental  state 
of  our  country  occurred  during  that  interval  ?  I  confess  that, 
in  the  present  state  of  the  evidence,  I  see  no  escape;  and  that 
the  conclusion  thus  forced  on  me  compels  me  to  believe  also 
that  the  earliest  men  of  Kent's  Hole  were  iniergladal^  if  not 
preglacial 

The  following  table  will  serve  to  show  at  one  view  the  co- 
ordinations and  theoretical  conclusions  to  which  the  facts  of 
Kent's  Cavern  have  led  me,  as  stated  briefly  in  the  foregoing 
remarks.  The  table,  it  will  be  seen,  consists  of  two  divisions, 
separated  with  double  vertical  lines.  The  first,  or  left  hand, 
division  contains  three  columns,  and  relates  exclusively  to 
Kent's  Cavern,  as  is  indicated  by  the  words  heading  it  The 
second,  or  right  hand,  division  is  of  a  more  general  character, 
and  shows  tne  recognized  classification  of  well-known  facts 
throughout  western  Europe.  The  horizontal  lines  are  intended 
to  convey  the  idea  of  more  or  less  well-defined  chronological 
horizons,"and  their  occasional  continuity  through  two  or  more 
columns  denotes  contemporaneity.  Thus,  to  take  an  example 
from  the  two  columns  headed  **  Arcbseological"  and  "Danish- 
Bog,"  in  the  second  division  :  the  horizontal  line  passing  con- 
tinuouslv  through  both,  under  the  words  "Iron"  and  "Beech." 
is  intended  to  suggest  that  the  "Iron  Age"  of  Western  Europe 
and  the  "  Beech  zone  of  the  Danish  Bogs  take  us  back  about 
equally  far  into  antiquity;  whilst  the  position  of  the  line  under 
the  word  "Bronze"  indicates  that  the  "Bronze  age"  (still  of 
Western  Europe)  take  us  back  from  tlie  ancient  margin  pf  the 
Beech  era,  through  the  whole  of  that  of  the  Pedunculated  Oak, 
and  about  half-way  through  the  era  of  the  Sessile  Oak ;  and  so 
on  in  all  other  cases. 
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Art.  XLV. — Is  the  Existence  of  Chowih-rings  in  the  Early 
Exogenous  Plants  proof  of  Alternating  Seasons?  An  extract 
from  a  paper  read  before  the  N.  Y.  Academy  of  Sciences, 
March  19, 1877  \  by  Charles  B.  Warding,  ^h.D. 

We  are  told  that  there  must  have  been  the  same  alterna- 
tion of  seasons  before  the  Glacial  Epoch  as  now,  because  the 
exogenous  plants  of  those  early  times  exhibit  concentric 
growth-rings;  and  ^consequently  the  earth's  axis  must  then 
have  been  inclined  as  ai  present 

But  are  seasons  necessary  to  the  formation  of  the  rings  ? 
Until  that  is  established  their  existence  has  no  impoi*tance  in 
this  connection.  Were  it  possible  in  some  way  to  secure  a 
temperature  uniform  through  the  year  we  might  be  able  to  deter- 
mine the  question  experimentally.  The  nearest  approach  to 
such  a  condition  in  this  latitude  is  to  be  found  in  green-houses. 
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The  results  thus  &r  show  that  exogenous  plants,  e.  g.,  the 
orange  and  lemon,  so  placed,  form  growth-rings  as  regularly  as 
do  the  forest  trees. 

It  would  be  interesting  to  know  how  generally  exogenous 
plants  in  tropical  regions  exhibit  these  markings,  and  whether 
they  are  annual  or  whether  they  are  made  at  longer  or  at 
shorter  intei'vals.  I  have  found  it  diflScult  to  obtain  any  in- 
formation on  this  point,  either  from  books  or  from  botanists. 
The  latter  tell  me  (I  have  applied  to  several  botanists  of  dis- 
tinction) that  they  know  very  little  about  it  Dr.  Gray  says,  **  I 
know  of  no  exogenous  tree  that  grows  continuously.  ♦  ♦  ♦ 
Yet  there  are  exogenous  woody  stems  which  do  not  make  an- 
nual layers.  There  is  a  woo<ly  Phytolacca  which  makes  more 
layers,  at  least  twice  as  many,  as  it  is  years  old — probably  indi- 
cating two  periods  of  growth  and  rest"  To  this  I  add  that 
there  now  lies  before  me  a  section  qt  Chenopodium  album  cut 
on  the  first  of  August,  and  consequently  not  more  than  four 
months  old,  in'which  are  eight  \^ell  defined  rings.  This  section 
is  as  hard  and  compact  and  as  well  formed  wwd  as  IfMt  were 
a  section  of  ash  or  pine. 

On  the  other  hand  there  are  exogens  growing  even  in  this 
climate,  which,  notwithstanding  our  cold  winters  and  h«t  sum- 
mers, show  not  the  slightest  trace  of  a  ring.  I  have  before  me 
a  section  of  Akebia  quinquefolia  cut  by  Dr.  0.  R  Willis  on  his 
own  lawn  from  a  plant  five  years  old,  which  has  no  such  mark- 
inga  Then  from  <i  little  further  south  I  have  a  section  of  the 
Passion  Vine  in  the  same  condition  ;  also  one  of  the  Iron  Wood 
{Carpinus  Americana)  which  presents  the  faintest  possible  traces 
of  them.     For  these  also  I  am  indebted  to  Dr.  Willis. 

Miss  C.  C.  Haskell,  of  Yassar  College,  states  the  result  of  her 
examination  of  the  tropical  woods  in  their  museum,  as  fol- 
lows :  In  the  Moria  aiiara  of  the  Amazon,  the  circles  are  very 
apparent  In  the  A  liso  or  Birch  of  the  Indtis,  the  circles  are 
evident  Thev  are  seen,  too,  in  the  Brazilian  Redivood  (Upper 
Amazon),  and  in  Siphonia  elastica  or  Bubber  tree,  as  well  as 
in  the  Moria  peranya  of  the  Rio  Negro.  None  are  seen  in  the 
Tcyrtaise  Shell  Wood  or  in  the  Cow  Tree.'' 

These  suffice  to  show  that,  in  the  uniformly  warm  climate  of 
the  tropics,  rings  are  formed  as  regularly  as  in  the  trees  of  our 
northern  forests.  But  it  may  be  said  that  although  there  is  in 
these  regions  no  alternation  of  hot  and  cold  seasons,  vet  that 
they  do  undergo  semi-annual  changes  from  wet  to  dry,  and 
from  dry  to  wet,  and  that,  these  being  dependent  upon  the 
earth's  axial  inclination,  we  are  not  at  liberty  to  infer  that  the 
rings  would  have  been  formed  had  there  been  the  absolutely 
seasonless  condition  which  a  perpendicular  axis  would  produce. 
But  there  is  evidence  that  exogenous  trees  would  form  these 
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marks  in  a  climate  of  absolutely  no  variation.  I  have  before 
me  a  section  of  Mangrove  also  presented  by  Dr.  Willis.  This 
tree,  as  is  well  known,  grows  in  the  muddy  margins  of  tropical 
rivers  and  all  along  the  shores,  forming  dense  forests  even  at 
the  verge  of  the  ocean  and  below  high-water  mark.  In  such 
a  locality  thei*e  can  be  no  alternation  of  wet  and  dry  seasons, 
and  the  changes  of  annual  temperature  must  be  less  than  the 
diurnal.  It  would  seem  impossiole  to  conceive  of  greater  uni- 
formity of  temperature  and  moisture,  yet  this  tree  presents  the 
growth  rings  as  broad  and  as  well  defined  as  those  which  are 
seen  in  any  trees  anywhere. 

To  dispel  any  vestige  of  belief  that  seasons  and  these  mark- 
ings are  connected  as  cause  and  effect,  I  add  that  the  Cycads 
require  several  years  to  form  one  ring. 

The  consideration  of  these  facts  leads  to  the  conclusion  that 
these  circles  have  their  origin  in  cycles  of  activity  and  repose, 
implanted  in  the  constitution  of  the  plant,  which  would  con- 
tinue to  manifest  themselves  although  there  were  no  climatic 
variations' — a  conclusion  strengthened  by  the  experience  of  all 
who  have  attempted,  by  artificially  equalizing  the  temperature, 
to  make  their  plants  bloom  all  the  year.  It  is  true  that  where 
seasontl  variations  exist,  the  successive  stages  of  activity  and 
rest  are  for  obvious  reasons  synchronous  with  them,  but  they 
are  not  absolutelv  dependent  upon  them. 

We  may  conclude,  too,  that  the  pre-glacial  flora  exhibited 
similar  cycles  of  growth  and  rest,  some  of  which  may  have 
been  of  short  duration,  measured  perhaps  by  weeks,  like  those 
of  the  Chenopodium,  while  others  like  the  Cycads  may  have  re- 
quired several  years  for  their  completion. 

The  following  propositions  appear  to  be  established  by  the 
facts  which  have  been  presented. 

1.  Some  exogens  form  rings  at  intervals  much  less  than  a 
year. 

2.  Others  require  intervals  of  several  years. 
8.  Some  form  no  rings. 

4.  The  presence  or  absence  of  rings  in  exogens  occurs  in  all 
climates. 

5.  Large  and  well  defined  rings  are  found  under  conditions 
in  which  there  is  absolutely  no  appreciable  variation  of  tem- 
perature or  moisture  throughout  the  year. 

6.  An  exoffen  naturally  forming  rings,  will  continue  to  form 
them  although  the  climate  become  uniform  through  the  year. 

The  existence,  therefore,  of  these  markings  in  the  ancient 
flora  gives  no  information  as  to  the  existence  at  that  time  of 
seasons,  and  so  far  as  they  are  concerned  we  are  left  free  to 
adopt  any  conclusion  as  to  the  inclination  of  the  earth's  axis 
which  may  appear  to  us  most  reasonable. 
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Art.  XLVL — On  Sipylite^  a  new  Niobate,  from  Amherst  County ^ 
Virginia;  by  J.  W.  Mallet. 

TJhe  allanite  found  in  Amherst  County  in  this  State,  of  which 
an  analysis  by  Mr.  J.  A.  Cabell,  was  published  in  the  Chemical 
News,  1874,  p.  141,  occurs  in  large  (juantity,  and  furnishes  an 
abundant  source  of  supply  of  the  cerium  family  of  metals.  In 
picking  over  a  lot  of  tnree  or  four  hundred  pounds  of  it,  I  was 
struck  with  the  appearance  of  a  few  fragments  of  an  accom- 
panying mineral,  which  on  more  careful  examination  turns  out 
to  be  a  new  niobate. 

The  locality  in  question  is  on  the  northwest  slope  of  Little 
Friar  Mountain,  about  fifteen  miles  from  the  Virginia  Midland 
Railway.  The  allanite  is  said  to  occur  in  a  vein  of  more  or 
less  decomposed  feldspar  in  a  gneissoid  rock,  and  is  met  with 
in  lar^e,  but  very  imperfect  crystals,  and  loose  lumps  of  irreg- 
ular shape,  about  four  feet  below  the  surface  of  the  ground. 
Magnetite  is  found  with  it,  the  two  minerals  often  forming  parts 
of  the  same  mass;  and  in  going  down  the  vein  seems  to 
become  more  compact,  and  tends  to  pass  into  solid  magnetic 
iron  ore.  The  vem  is  said  to  be  about  two  feet  wide,  and  runs 
about  northeast  and  southwest,  dipping  at  a  large  angle  to  the 
southeast. 

Beside  allanite,  magnetite,  and  the  new  mineral  now  to  be 
described,  I  have  only  noticed  among  the  specimens  which 
have  reached  me  a  few  large  crystals  of  hydrous  zircon.  One 
of  these  measured  about  80x  18x  18  mm.,  was  doubly  termin- 
ated, of  sp.  gr.=4'217,  and  yielded  on  ignition  1*89  per  cent  of 
water. 

The  new  mineral  is  decidedly  rare ;  all  the  specimens  I  have 
collected  were  picked  out  from  three  lots  of  the  allanite,  two 
of  them  of  several  hundred  pounds  each,  and  would  probably 
not  weigh  half  a  kilogram ;  the  largest  single  piece  weighs  about 
forty  grams ;  most  of  the  fragments  are  much  smaller.  It  is 
found  imbedded  in,  or  more  commonly  adherent  to,  the  outside 
of  the  masses  of  allanite  and  magnetite,  from  which  it  is  easily 
detached. 

A  few  imperfect  crystalline  faces  have  been  met  with,  but 
none  of  these  brilliant,  and  only  two  dihedral  angles  that  could 
be,  even  in  a  very  rough  way,  measured  with  tne  application 
of  a  goniometer;  each  of  these  was  about  125®,  whicn  is  not 
far  from  I  a.  I  of  the  prism  of  yttro-tantalite,  samarskite,  and 
euxenite.  There  were  observed  also  a  few  very  imperfect 
cleavage  pknes.  For  the  most  part  the  mineral  appears  in 
little,  irregularly  shaped  masses,  very  brittle,  and  exnibiting 
small,  but  distinct,  conchoidal,  as  well  as  uneven  fracture. 
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The  color  of  the  mineral  in  mass  is  brownish  black,  in  thin 
splinters  a  red  brown,  like  that  of  dark  pine-rosin  ;  one  or  two 
small  specimens  display  a  gradaal  passage  to  a  brownish  orange, 
and  even  a  yellow,  but  whether  in  these  cases  the  chemical 
composition  remains  quite  the  same,  there  is  not  sufficient 
material  to  determine.  The  streak  is  light  cinnamon-brown  to 
pale  Rray.  The  luster  resinous  and  pseudo-metallic.  In 
general  appearance  to  the  eye  the  mineral  is  much  like  fer- 
gusonite  from  GTreenland,  euxenite  from  the  neighborhood  of 
Arendal,  and  samarskite  from  North  Carolina,  save  that  the 
last  named  is  more  distinctly  pitchy  black.  Translacent  in 
thin  splinters.  Hardness  =' nearly  6.  Specific  gravity  may 
be  considered  =  4'89 ;  one  specimen  gave  4'887  at  12-5  C ; 
another  4*892  at  17°-5. 

Heated  alone  in  the  ordinary  blowpipe  flame  the  nainenl 
cracks,  decrepitates,  glows  brilliantly  (more  brightly,  I  think, 
and  at  a  lower  temperature  than  any  specimen  of  gadolinite  I 
have  ever  seen),  becomes  pale  greenish-yellow  and  opaque,  like 
many  specimens  of  good  blast-furnace  slag,  and  remains  quite 
infusible.  In  the  flame  of  one  of  Fletcher's  hot-blast  blowpipes, 
before  which  a  stout  blowpipe  wire  of  platinum  readily  melts  to 
a  bead,  thin  splinters  are  fused  merely  on  the  edges.  Heated 
in  a  closed  glass  tube,  the  same  decrepitation,  glowing  and 
change  of  color  are  observed,  and  water  is  given  off,  which 
condensing  on  the  surface  of  the  tube  is  found  to  have  an  acid 
reaction,  and  slightly  etches  the  glass.  Fused  with  borax  in 
the  oxidizing  flame,  the  mineral  is  dissolved,  producing  a 
yellow  glass,  which  becomes  pale  -on  cooling,  and  assumes  a 
greener  tint  in  the  reducing  flame.  With  microcosmic  salt,  a 
yellowish  green  glass  is  obtained.  Strong  boiling  hvdrochloric 
acid  attacks  to  some  extent  the  mineral  in  fine  powder,  and  tiie 
partial  solution,  if  boiled  with  metallic  tin  and  diluted  with 
water,  gives  the  fine  sapphire-blue  color  due  to  niobium.  This 
partial  hydrochloric  acid  solution,  if  diluted,  contains  zirconium 
enough  to  brown  turmeric  paper  to  an  extent  quite  sensible  if  a 
comparative  experiment  be  made  with  similarly  diluted  hydro- 
chloric acid  alona  Boiling  concentrated  sulphuric  acid  decom- 
poses the  mineral  completely,  though  some^  hat  slowly ;  and  the 
diluted  solution  gives  a  blue  color  on  addition  of  metallic  zinc. 

The  chemical  analysis  was  made,  with  much  care  and 
patience,  under  my  direction  by  Mr.  W.  G.  Brown,  a  student  in 
this  laboratory  during  the  last  winter.  The  details  of  the 
method  used  are  given  in  a  notice  of  his  work  in  the  Chemical 
News.  Tantalum  was  found  to  be  present,  but  in  such  small 
quantity,  certainly  lees  than  one-twelfth  of  the  niobium,  that  a 
satisfactory  separation  could  not  be  obtained  by  Marignac's 
method.    The  sp.  gr.  of  the  mixed  niobic  and  tantalic  oxides 
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was  4*60.  By  determination  of  the  yttrium  and  erbium  first  as 
oxides  and  then  as  sulphates  it  was  found  that  the  mixture  con- 
tained almost  exclusively  the  latter  metal,  of  which  the  absorp- 
tion spectrum  is  obtainable  with  great  distinctness  from  the  cruae 
solution.  Iron  and  uranium  were  proved  to  exist  as  feirous' 
and  uranous  compounds.    The  following  results  were  obtained : 

?^^*  :::::;::;:;::;:::;:::::::('•« 

WO, 16 

SnO, -08 

ZrO, 209 

f-lr::::::::;:::;::;:;:::::::}- 

Ce,04 VZ1 

La,05 8-92 

Di.OJ 4-06 

UO 8-47 

MnO trace 

FeO 204 

BeO -62 

MgO -05 

CaO 2-61 

Li,OT trace 

Na,0 16 

K,0 -06 

F trace 

H,0 319 

100-48 
Throwing  together,  as  Bammelsberg  has  done  in  his  valuable 
paper^^  on  the  natural  tantalates  and  niobates,  the  acid  oxides 
of  niobium,  tantalum,  tungsten,  tin  and  zirconium,  reducing  all 
the  basic  oxides  present  to  the  equivalent  amounts  of  dyad 
oxides,  and  leaving  out  the  water,  we  have  from  the  above 
figures  the  ratio, 

R"0:M;0.  =  221:100 

leading  to  the  formula  R",M]Og  -4  R'',M^O,,  or,  applying  the 
common  phosphate  nomenclature,  a  single  atomic  group  of 
ortho-niobates  with  four  of  pyro-niobates ;  while  samarskite, 
according  to  the  calculation  of  Professor  O.  D.  Allenft  from  his 
analysis,  contains  one  to  one,  or  is  represented  by  the  formula 

^Ta«0ft  may  be  assumed  =  about  2  per  cent 

!Y«0t  may  be  assumed  =  about  1  per  cent 
Gerous  oxide,  but  with  Clue's  formulae  and  atomic  weights  for  this  and  the 
corresponding  oxides  of  lanthanum  and  didymium. 
§  Containing  a  trace  of  DiaO..  |  Containing  a  trace  of  CetO.. 

^Spectroscopically  detected. 
**  Jour.  CheuL  Soa,  March,  1872,  p.  189. 
tt  This  Joomal,  August,  1877,  p.  131. 
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E^'jM^Og  .  R'^M^O,,  and  Bammelsberg  makes  jwrochlore 
from  Fredriksvarn  solely  the  pyro-niobate,  R'^MjO,,  and 
fergusonite,  tyrite,  etc.,  solely  the  ortho-salt,  R'^Ml^O,. 

If,  however,  the  water  be  included  in  the  calculation,  and 
considered  basic,  placing  it  on  an  equivalent  footing  with  the 
dyad  oxides  we  have  the  ratio, 

R"0 :  M^O^  =  311 :  100,  or  nearly  8  : 1, 

which  gives  the  simple  formula  of  an  ortho-salt,  R^jM^O,. 
This  I  confess  I  am  inclined  to  think  more  probable,  and,  if  so, 
it  may  be  allowable  to  suppose  that  the  very  remarkable  glow 
exhibited  by  the  mineral  when  heated  is  connected  with  the 
loss  of  basic  water  and  the  change  from  ortho-  to  pyro-niobate, 
as  in  the  well  known  incandescence  of  ammonio-magnesian 
ortho- phosphate  at  the  moment  of  change  by  heat  to  the  pyro- 
phosphate of  the  latter  metal.* 

Whichever  formula  be  preferred,  however,  for  the  mineral 
now  described,  it  diflfers  essentially  from  that  of  any  niobate 
hitherto  on  record,  the  one  view  making  it  the  nearest  approach 
to  a  simple  -pyro-niobate  (since  the  Fredriksvarn  pyrochlore  con- 
tains largely  of  titanium)  and  the  other  making  it  an  ortho-salt 
like  fergusonite,  etc.,  but  one  partially  acid  in  character  or 
containing  basic  hydrogen. 

Not  on  chemical  grounds  alone,  but  in  several  respects  as  to 
physical  properties,  the  mineral  is  new  and  distinct  Carrying 
out  the  fancy  of  Heinrich  Rose,  which  led  him  to  name  niobiom 
from  the  daughter  of  Tantalus,  and  remembering  the  number 
and  complexity  of  the  natural  niobates  which  have  been  met 
with,  I  propose  for  this  species  the  name  Sipylite,  from  Sipylos, 
one  of  the  numerous  children  of  Niobe. 

*  It  maj  be  worth  remarking  that  from  the  anal jbIb  of  Profossor  Allen  (loc  dt) 
of  Professor  J.  Lawrence  Smith's  new  mineral,  hatchettolite,  which  aooompanies 
Bamarskite  in  North  Carolina,  water  seems  to  be  present  in  it  in  definite  propor- 
tion ;  and,  although  Bammelsberg  has  considered  the  water  found  in  his  analyses 
of  tantalates  and  niobates  as  non-essential,  and  the  formula,  B^^lcyOc,  whldi  he 
has  assigned  in  common  to  fergusonite,  jttro-tantalite,  tyrite  and  brag^te,  requires 
that  water  be  excluded,  if  it  be  also  taken  into  aooount  his  analyses  of  theee 
minerals  lead  pretty  closely  to  simple  relations  as  to  the  extent  of  hjdra&n 
(with6ut  considering  the  water  basic),  making 

Fergusonite,  from  Greenland  (with  very  little  water) — B",lf^O«, 
or  perhaps  2W^yyfi^ .  H,0. 

Brown  yttro-tantalite,  from  Ytterby 

YeUow        «*  "         "     

Tyrite 

Bragite 

Gray  yttro-tantalite,  from  Gamle  Kararfvet 2B",MJO,  .  5H,0. 

UniTorsity  of  Virginia,  Sept  3,  18T7. 


2  B",MJO,  .  3H,0. 
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Art.  XLVIL — On  the  Menu  Motion  oftlie  Moon;  by  Simon 
Newcomb. 

For  some  time  after  the  appearance  of  Hansen's  Lunar  Tables, 
it  was  very  generally  considered  that  the  theory  of  the  moon, 
after  occupying  the  attention  of  the  mathematicians  and  astron- 
omers of  every  century  for  two  thousand  years,  was  at  length 
complete,  and  that  the  motion  of  that  body  could  now  be  pre- 
dicted with  entire  confidence.  That  Hansen's  computation  of 
the  inequalities  of  short  period  produced  by  the  sun  not  only 
far  exceeded  in  accuracy  any  before  made,  but  fulfilled  all  the 
requirements  of  modem  astronomy,  I  conceive  can  hardly  be 
doubted.  But  in  the  number  of  this  Journal  for  September, 
1870,  1  showed  that  this  improvement  did  not  extend  to  the 
inequalities  of  long  period  in  the  mean  motion.  While  it  was^ 
true  that  Hansen  by  an  empirical  term  had  secured  a  very  good 
agreement  with  observations  from  1750  to  1860,  it  was  there 
shown  that  this  agreement  had  been  obtained  bv  sacrificing  the 
agreement  before  1750,  and  that  the  moon  had  then  begun  to 
deviate  from  the  tables  at  such  a  rate  that  they  could  not  con- 
tinue satisfactorily  to  represent  the  observations.  During  the 
seven  years  which  have  since  elapsed,  this  suspicion  has  been 
entirely  confirmed.  So  far  as  can  be  judged  by  the  most  recent 
observations,  the  error  of  the  tables  now  exceeds  ten  seconds, 
and  is  increasing  at  a  rate  of  not  less  than  half  a  second  a  year. 

Shortly  after  the  publication  of  the  short  paper  to  which  I 
have  alluded,  it  was  made  a  part  of  my  official  duty  to  investi- 
gate this  question.  In  accordance  with  this  arrangement,  I 
have  aimed  at  the  complete  discussion  of  all  recorded  observa- 
tions of  any  astronomical  value  bef6re  the  year  1750.  These 
researches  now  being  brought  substantially  to  a  close,  so  far 
as  the  observations  are  concerned,  the  object  of  the  present 
article  is  to  give  some  account  of  them,  and  of  their  results. 
The  material  consists  in  brief,  of  every  observation  of  an  eclipse 
or  an  occultation  previous  to  1750,  which  appears  to  be  worthy 
of  confidence,  and  calculated  to  throw  any  light  upon  the  ques- 
tion of  changes  in  the  moon's  mean  motion.  The  available 
data  rnay  be  classified  as  follows : — 

I.  Accounts  of  ancient  historians  from  which  it  has  been  in- 
ferred that  the  shadow  of  the  moon  passed  over  certain  points 
of  the  earth's  surface  during  certain  total  eclipses  of  the  sun. 
The  celebrated  eclipses  of  Tnales,  of  Larissa,  and  of  Agathocles 
have  been  very  carefully  discussed  by  Professor  Airy  in  two 
papers  which  have  appeared,  the  one  in  the  Philosophical  Trans- 
actions, and  the  other  in  the  Memoirs  of  the  Royal  Astronomical 
AM.  Jour.  Sci.— Third  Sbbibs,  Vol.  XIV,  No.  88.— Not.,  1877. 
27 
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Society.  After  a  careful  examination  of  the  six  or  eight  eclipses 
in  question,  I  was  led  to  the  conclusion  that  none  of  them  could 
be  safely  relied  upon  as  furnishing  data  for  the  error  of  the 
Lunar  Tables  at  the  times  when  they  were  observed.  It  is  im- 
possible, within  the  limited  space  of  the  present  article,  to  enter 
into  any  details  of  the  considerations  which  led  me  to  this  con- 
clusion. It  may  be  remarked,  however,  that  among  the  eclipses 
in  which  I  can  feel  but  little  confidence  is  the  celebrated  one 
of  Thales.  To  prevent  misapprehension  I  may  say  that  I  do 
not  deny  either  that  Thales  predicted  eclipses  or  that  the 
shadow  of  the  moon  passed  over  A^a  Minor,  B.C.,  585  as  in- 
dicated by  the  Lunar  Tables,  or  that  a  battle  was  stopped  by 
some  real  or  fancied  advent  of  darkness,  as  described  by  Herod- 
otus a  century  afterward ;  but  I  fail  to  see  any  good  reason 
for  maintaining  that  the  extremely  obscure  account  of  Herodotus 
really  refers  to  the  total  eclipse  in  question,  or,  in  fact,  to  any 
feclipse  whatever.  Consequently,  while  these  eclipses  may  lie 
usetul  in  throwing  more  or  less  of  evidence  on  the  question  of 
the  moon's  secular  acceleration,  I  do  not  think  they  can  be 
considered  reliable  enough  to  be  used  for  determining  that 
quantity. 

II.  The  second  class  comprises  the  nineteen  eclipses  of  the 
moon  quoted  by  Ptolemy  in  the  Almagest,  on  which  he  founded 
his  theory  of  the  moon's  motion.  These  eclipses  appear  to  be 
worthy  of  some  confidence,  making  due  allowance  for  the  very 
considerable  errors  of  observation  with  which  they  are  neces- 
sarily aflFected.  The  mode  of  treatment  was  this:  from  a  very 
careftil  study  of  the  account  of  each  eclipse  as  given  by  Ptolemy, 
and  without  any  knowledge  of  how  it  compared  with  the  tables, 
I  sought  to  make*an  estimate,  first,  of  the  most  probable  time 
of  the  phase  described,  and.second,  of  the  probable  error  of  that 
time.  These  estimates  I  shall  publish  without  any  alteration 
suggested  by  the  subsequent  comparison  with  the  tables. 
When  this  comparison  was  made,  it  was  found  that  the  general 
deviations  of  the  tabular  from  the  recorded  times  did  not  indi- 
cate a  probable  error  essentially  greater  than  that  estimated, 
except  in  two  cases. 

There  are  five  eclipses  in  which  Ptolemy  does  not  say  to 
what  phase  the  time  which  he  gives  refers.  It  has  very  gen- 
erally been  considered  that  in  these  cases  the  phase  was  that  of 
the  middle  of  the  eclipse ;  but  in  all  other  cases  the  time  which 
he  gives  is  that  of  commencement;  and  there  would  be  a  cer- 
tain probability  in  favor  of  the  times  where  no  phase  was  given 
being  also  those  of  commencement.  The  errors  in  question 
were  systematically  different  from  those  of  the  other  eclipses, 
and  seemed  to  indicate  that  in  these  eclipses  also,  the  beginning 
was  referred  to.     Owing,  however,  to  the  uncertainty  of  this 
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entire  hypothesis,  I  judged  it  best  to  reject  these  eclipses  en- 
tirely, and  confine  the  discussion  to  the  fourteen  remaining  ones. 
Among  these  fourteen,  which,  in  some  cases,  include  the  end 
of  the  eclipse  as  well  as  the  beginning,  there  was  a  single  one, 
that  of  B.C.,  382,  December  22,  which  was  in  contradiction  with 
all  the  others.  The  other  thirteen  all  agi^ee  in  the  most  remark- 
able manner  in  assigning  a  correction  of  more  than  half  an 
hour  to  the  tabular  times;  while  this  one  indicated  a  negative 
correction.  This  discordance,  however,  is  not  the  most  perplex- 
ing circumstance.  It  happened  that  this  eclipse  commenced 
just  before  sunrise,  and  therefore  just  before  the  moon  set ;  and 
if  the  other  eclipses  were  accurate,  this  one  could  not  have  been 
seen  at  all.  If  this  one  really  was  seen,  it  would  almost  neces- 
sitate a  negative  correction  to  the  tabular  times.  We  have  then 
this  dilemma:  either  the  whole  thirteen  eclipses  recorded  by 
Ptolemy  are,  with  a  single  exception,  half  an  hour  or  more  in 
error,  or  there  is  some  mistake  about  this  eclipse  having  been 
actually  observed.  Deeming  the  latter  the  more  probable  of 
the  two  hypotheses,  I  threw  out  this  eclipse  entirely.  Of  the 
twelve  remaining  eclipses,  sixteen  phases  were  observed,  which 
were  divided  into  four  groups,  and  the  mean  result,  by  weight, 
of  each  group  was  taken.  The  mean  corrections  to  the  tabular 
times  given  by  the  several  groups,  are  as  follows: — 

Epoch,  -  687       <y<  =  +  20°»       tff  =  —  11'  ±  4'      3  phases. 
-381       6t=z  + 60         de=z  "21  db6        3    ' 


—  189       6t=z  +  SQ         (Jfzr  — 20±3        8  phases. 
+  134       <J«=4-30         (y€=  — 16±4        3  phases. 

IIL  The  next  observations  in  order  are  the  eclij)ses  observed 
by  the  Arabian  astronomers  between  the  years  829  and  1004, 
which  are  published  in  the  work  entitled  Le  Livre  de  la  Grande 
Table  Hak^mite,  traduit  par  le  C*".  Caussin,  Paris,  1804.  This 
work  is  a  translation  of  the  Arabic  manuscript  belonging  to  the 
University  of  Leyden.  A  few  of  the  observations  were  known 
to  Tycho  Brahe  and  were  published  by  him  in  his  Historia 
Coelestis.  As  a  slight  indication  of  the  value  of  these  eclipses 
it  may  be  remarked  that  the  two  or  three  given  by  Tycho  Brahe 
furnished  the  first  data  from  which  the  secular  acceleration  of 
the  moon  was  deduced.  It  is  therefore  a  singular  fact  that  no 
comparison  of  them  with  modem  tables  has  ever  been  seriously 
attempted. 

Tbere  are,  in  all,  in  this  book,  observations  of  twenty-five 
eclipses  including  thirty-four  phases  of  b^inning  or  ending. 
They  were  all  reduced  and  compared  with  the  tables  of  Hansen. 
Three  of  them  were  so  far  discordant  that  they  had  to  be  re- 
jected entirely.  This  ratio  of  three  out  of  thirty-four  will  not 
appear  great  if  we  reflect  that,  the  manuscript  from  which  the 
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observations  were  translated,  was  frequently  very  difficnlt  to 
decipher  or  to  translate,  owing  not  only  to  the  fading  of  the 
writing,  but  to  the  uncertainty  of  some  of  the  terms  which  the 
author  used.  Besides  these  three  discordant  observations,  there 
were  two  which  could  not  be  used  because  the  altitude  assigned 
to  the  moon  at  the  time  of  the  observation  actually  exceSded 
its  meridian  altitude.  Here  it  was  evident  that  there  was  gome- 
thing  wrong,  in  recording,  transcribing  or  translating  the  obser- 
vation. The  general  result  was  that  each  observation  of  a 
phase  gave  the  mean  longitude  of  the  moon  with  a  probable 
error  ranging  from  three  to  five  minutes  of  arc.  The  results 
were  divided  into  three  groups,  each  made  by  a  separate  ob- 
server or  set  of  observers,  ana  therefore  worthy  of  l^eing  con- 
sidered as  entirely  independent.  The  mean  result  of  each  of 
these  groups  was  as  follows : — 


Epoch,  846 

d£z=  -4'-4 

926 

dfm-l-l 

986 

<y£=-4-8 

IV.  Observations  made  after  the  revival  of  science  in  Europe 
and  before  the  invention  of  the  telescope.  These  observations 
were  made  by  various  astronomers  from  Begiomontanus  to 
Tycho  Brahe.  But  after  a  careful  and  laborious  examination 
of  all  their  observations  I  could  find,  I  was  led  to  the  conclusion 
that  none  of  them  would  throw  any  light  on  the  problem.  Be- 
fore Tycho  Brahe  the  observations  were  no  better  than  those 
of  the  Arabs,  while  the  time  elapsed  was  one  half  that  which 
has  elapsed  since  the  Arabian  observations.  No  doubt  the  ob- 
servations of  Tycho  Brahe  are  more  accurate ;  but  the  records 
are  so  confused  that  it  is  impossible  to  obtain  any  definite  re- 
sult from  them.  In  fact  they  preceded  the  invention  of  the 
telescope  by  so  short  an  interval  that  it  can  hardly  be  supposed 
that  they  would  throw  much  light  on  the  question  under  con- 
sideration, however  carefully  they  had  been  made.  I  searched 
carefully  to  find  whether  Tycho  Brahe  had  ever  observed  an 
occultation,  especially  of  Aldebaran ;  but  could  find  no  trace 
of  any  such  observation. 

V.  Observations  of  occultations  and  eclipses  made  with  a 
telescope  but  without  a  clock,  the  time  being  determined  by 
the  altitude  of  the  sun  or  of  some  star  observed  with^  quad- 
rant. This  class  comprises  the  observ^itions  of  Bullialdus  and 
Gassendus,  as  well  as  some  of  the  earlier  of  Heveliua  Bullial- 
dus seems  to  have  been  the  first  one  who  actually  observed  the 
occultation  of  a  star  by  the  moon,  but  he  does  not  appear  to 
have  been  a  skillful  observer.  The  observations  of  occultations 
have  the  great  advantage  that  the  only  error  to  be  feared  is  that 

'  of  the  determination  of  time,  always  supposing  that  the  phenom- 
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enon  was  actually  seen.  The  disappearance  of  the  star  behind 
the  moon's  limb  is,  in  fact,  a  sudden  phenomenon  which  does 
not  require  any  measure  of  distance  to  be  well  observed. 

VL  Observations  of  eclipses  and  occultations  made  by  Heve- 
lius  with  a  very  imperfect  clock  r^ulated  by  altitudes  taken 
with  a  quadrant  with,  pinnules.  It  is  well  known  that  Hevelius 
would  never  use  a  telescope  with  his  quadrant;  so  that  the  re- 
sults to  be  derived  from  tne  observations  of  this  most  indefati- 
gable observer  do  not  correspond  to  the  labor  which  he  spent 
in  making  them.  His  observations  are  much  better  than  tuose 
of  Gassendus,  but  far  more  inaccurate  than  those  made  with  the 
telescopic  sights. 

VIL  Observations  of  Flamsteed  at  Greenwich,  and  of  the 
astronomers  of  the  French  school,  from  1672  to  1750.  Flam- 
steed's  observations  were  published  in  the  Historia  Coelestia 
Those  of  the  French  astronomers  are  not.  only  for  the  most  part 
unpublished,  but  seem  to  have  been  totally  forgotten  from  the 
time  they  were  made  until  I  was  fortunate  enough  to  find  them 
in  the  archives  of  the  Paris  Observatory  in  1871.  Not  only 
were  they  wholly  unreduced,  but  in  many  cases  not  even  the 
name  of  the  occulted  star  was  given.  The  reduction  of  these 
observations  has  been  the  most  laborious  part  of  my  work. 
The  observers  have  left  no  explanations  whatever  of  their  mass 
of  observations,  and  it  was  necessary  to  learn  this  by  induction 
from  the  observations  themselves ;  and  from  the  calculations 
scattered  here  and  there  through  the  books.  The  errors  of  the 
instruments  and  of  the  clocks  fiad  to  be  investigated  from  mod- 
ern data ;  and  the  observations  have  proved  to  be  well  worthy 
of  the  pains  which  were  taken  with  them.  Thereby,  the  motion 
of  the  moon  has  been  traced  back  to  1675,  an  epoch  seventy- 
five  years  before  observations  upon  it  have  heretofore  been 
supposed  to  commence.  In  the  same  class  with  these  Paris 
observations  are  to  be  included  those  of  DeL'isle  at  St  Peters- 
burgh,  with  which  I  was  furnished  by  Struve. 

The  following  are  some  independent  mean  corrections  given 
by  the  observations  of  Builialaus,  Gassendus,  Hevelius,  Flam- 
steed,  and  the  French  astronomers.  The  list  is  incomplet,e,  as 
the  discussion  of  the  solar  eclipses  has  not  been  finished ;  but 
it  will  suffice  for  the  purposes  of  the  present  discussion : — 
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The  investigation  is  terminated  at  the  epoch  of  1750  so  far 
as  the  reduction  of  observations  is  concerned,  because  there  is 
reason  to  believe  that  Hansen's  tables  are  not  greatly  in  error 
from  1750  to  1865.  We  may,  therefore,  in  this  preliminary 
discussion  consider  the  tabular  errors  zero  between  these  epochs. 
For  the  epoch  1876  the  correction  given  by  some  good  observa- 
tions of  occultations  is  —  8''0,  a  result  l''-7  less  than  that  indi- 
cated by  the  observations  at  Greenwich  and  Washington.  This 
discrepancy  is  quite  surprising:  It  is,  however,  worthy  of  re- 
mark that  Captain  Tupman  from  a  discussion  of  all  the  meridian 
observations  made  in  Europe  about  the  time  in  question  ob- 
tained a  mean  result  somewhat  less  than  that  given  by  Green- 
wich and  Washington  alone.  It  is  well  known  that  Hansen's 
term  depending  on  eight  times  the  mean  motion  of  Venus  mi- 
nus thirteen  times  that  of  the  earth  is  almost  entirely  empirical, 
being  adjusted  so  as  to  satisfy  the  observations  between  1750 
and  1850.  And  since  this  term  fails  to  satisfy  the  observations 
outside  of  these  limits,  in  fact  making  the  tables  worse  than 
they  would  be  without  it,  it  ought  to  be  rejected  from  the  com- 
parison of  theory  with  observation.  Its  effect  upon  the  ancient 
results  is,  however,  so  small  in  comparison  with  the  necessary 
error  of  the  observations  that  its  effect  need  not  be  taken  into 
account 

From  the  individual  corrections  to  the  moon's  mean  longi- 
tude which  have  been  given  for  the  modern  dates  I  have 
sought  to  obtain  by  a  rough  interpolation  the  actual  correc- 
tions for  every  quarter  of  a  century  from  1625  to  1726.  The 
general  results  are  shown  in  the  following  table,  of  which  I 
9hall  explain  the  several  parts : 

Table  of  residual  corrections  to  the  several  theories  of  (he  mean  motion  of  the  mooiL 
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In  column  (1)  we  have  the  mean  correction  indicated  by 
observations  to  Hansen's  tables  of  the  moon  without  any  mod- 
ification whatever.  In  column  (2)  these  corrections  are  modi- 
fied by  the  effect  of  Hansen's  empirical  term,  so  as  to  show  the 
corrections  to  the  pure  theory  after  this  term  is  subtracted  ' 
from  the  tables.  If  the  theory  is  perfect,  these  numbers  ought 
to  be  represented  by  corrections  to  the  mean- longitude  and 
mean  motion  of  the  moon  and  the  secular  acceleration. 

The  following  are  the  several  corrections  given  by  the  methpjd 
of  least  squares : 

de=:  +19"-67  ) 

6n=z  -12  -31  V  Epoch,  1700. 

68=z  -   3  -36  ) 

The  value  of  the  secular  acceleration  adopted  by  Hansen  is 
12"*17.  Subtracting  the  correction  it  seems  that  the  accelera- 
tion to  which  we  are  led  by  observation  alone,  is  8^*8. 

Column  (8)  shows  the  outstanding  corrections  which  remain 
after  subtracting  the  result  of  the  corrections  we  have  just 
found.  It  is  evident  that  the  theory  does  not  represent  the 
observations,  and  that  the  most  recent  observations  indicate  a 
value  of  the  secular  acceleration  much  less  than  that  indi- 
cated by  the  older  ones.  If  we  investigate  the  uniform  varia- 
tion of  the  acceleration  which  would  best  satisfy  the  whole  of 
the  observations,  we  shall  find  it  to  be  — 0''*9  in  a  century. 
Tte  hypothesis  of  such  a  uniform  variation  is,  however,  too 
improbable  to  be  admitted;  and  moreover,  it  still  fails  to 
represent  the  modern  observations,  although  the  ancient  ones 
are  thus  greatly  improved. 

In  recent  times  it  has  been  generally  considered  that  the 
diflFerence  between  the  theoretical  acceleration  and  that  given 
by  observations  arises  from  a  change  in  the  length  of  the 
day.  It  is  worthy  of  remark  that  by  supposing  this  change 
itself  subject  to  variations,  all  the  apparent  changes  in  the 
mean  motion  of  the  moon  can  be  accounted  for.  This  is  a 
hypothesis  which  I  have  suggested  in  former  numbers  of  this 
Journal,  as  one  by  which  the  changes  in  question  may  be 
explained.  Let  us  now  see  what  the  actual  variations  in  the 
rotation  of  the  earth  must  be  to  account  for  the  difterence 
between  observation  and  theory.  In  the  first  place,  the  sec- 
ular acceleration  must  be  supposed  to  be  uniform  and  equal  to 
6"'17.  Two  epochs  at  whicn  we  may  suppose  the  time  given 
by  the  rotation  of  the  earth  to  be  correct,  being  entirely 
arbitrary^  we  shall  take  1760  and  1850  for  these  epochs. 
Having  thus  formed  a  theory  of  the  moon's  mean  motion 
founded  on  gravitation  alone,  column  (4)  shows  the  apparent 
corrections  indicated  by  observation.  In  column  (5)  these  cor- 
rections are  changed  into  time.     The  times  here  given  are 
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hypothetical  errors  of  the  earth's  rotation  which  it  is  necessary 
to  subtract  from  the  times  given  by  astronomical  observations 
in  order  to  reduce  them  to  a  perfectly  uniform  measure  of 
time.  The  sign  -f-  indicates  that  the  earth  is  ahead  of  its  mean 
rotation,  and  the  sign  —  that  it  is  behind  it  For  some  yesLTs 
past  jt  has  seemed  to  me  that  this  was  the  most  probable 
nypothesis  on*  which  to  explain  the  deviations  in  question. 
It  was  evidently  a  most  unwelcome  one;  for,  granting  its 
truth  it  would  be  no  longer  possible  to  predict  the  apparent 
motion  of  the  moon,  since  the  changes  in  the  rotation  of  the 
earth  could  not  be  expected  to  follow  any  determinate  law. 
It  is  therefore  extremely  gratifying  to  find  that  the  compari- 
sons we  have  just  given  lead  to  the  hope  that  these  deviations 
may,  after  all,  be  due  to  the  action  of  some  of  the  bodies  of  the 
solar  system.  A  very  cursory  examination  of  the  residuals 
given  in  coI\imn  8  shows  that  they  have  apparently  a  period 
not  very  far  from  260  years.  Now,  it  is  remarkable  that  this 
differs  very  little  from  the  period  of  Hansen's  first  ineauality, 
which  is  273  years.  The  question  therefore  arises  whetner  the 
deviations  in  question  may  not  be  explained  by  a  change  in 
the  constants  of  this  inequality.  The.result  is  very  surprising. 
By  merely  diminishing  the  argument  of  Hansen's  first  ipe- 
quality  by  60°  48'  without  changing  the  co-efficients  at  all,  the 
observations  from  1625  to  1875  may  all  be  represented  within 
the  limits  of  error.  In  fact,  we  see  that  the  numbers  in  col- 
umn (8)  may  be  very  nearly  represented  by  the  foimula 

-.  5'-04  —  10'-14  (^  TA^?^\  -  16'-60  cos  A, 
\    1800    )  ' 

in  which  we  have  placed, 

A=  18V-.16E-^, 

V  being  the  mean  longitude  of  Venus  counted  from  the  equinox 
of  1800,  E  that  of  the  earth  counted  in  the  same  way,  and  g 
the  mean  anomaly  of  the  moon.  The  comparison  in  question 
is  shown  in  the  following  tables ;  the  fourth  column  of  which  is 
taken  from  the  corresponding  column  of  the  preceding  table. 
The  residuals  still  outstanding  are  shown  in  the  last  column. 


Epoch. 

A. 

Computed  terms. 

Observ. 

Diff. 

1626 

-470-0 

+  2'-2 

+  6'1 

+  3'-9 

1650 

-14  0 

-4-7 

-6-9 

—2  -2 

1676 

+  19  -0 

-7  1 

-7  -4 

-0  -3 

1700 

62  0 

-4-6 

-3-6 

+  0  -9 

1726 

85  -0 

+  1-2 

-0-3 

-1  -6 

1750 

118  -0 

+  7  -3 

+  6-4 

-0-9 

1776 

161  0 

+  11  -0 

+  12-6 

+  1-6 

1800 

184  -0 

+  10-4 

+  11  1 

+  0-7 

1826 

217  -0 

+  4-8 

+  3  0 

-]  -8 

1850 

250  -0 

-4-8 

-4-6 

+  0-2 

1876 

283  -0 

-16  -0 

-16-8 

+  0-2 
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Correcting  Hansen's  term  by  this  empirical  addition,  we  find 
that  instead  of 

15'-84  sin  (A+30''-2), 

the  value  given  by  Hansen,  we  shall  have 
16'-3  sin  (A-SO^'-e), 
as  the  result  of  observation. 

As  a  test  of  this  result,  the  sum  of  all  the  corrections  here 
found  to  Hansen's  tables  has  been  taken  and  compared  with  the 
corrections  ffiven  in  column  1.  It  is  to  be  remarked  in  the 
first  place  that  the  diminution  of  10'^  a  century  in  the  mean 
motion  of  the  moon  involves  a  further  correction  of  —  0"4  to 
the  value  of  the  secular  acceleration  in  order  that  the  ancient 
observations  may  still,  on  the  average,  be  best  represented. 
Thus  the  secular  acceleration  reduces  to 

8'-4; 
and  the  total  correction  to  the  acceleration  of  Hansen  is    * 

-3'-76. 
We  put  Vg  for  the  empirical  term  of  Hansen, 
21 '-47  sin  (8V-13E  +274°  14'), 

the  existence  of  which  appears  to  have  been  entirely  refuted  by 
the  researches  of  Delaunay;  and  T  for  the  time  counted  in 
centuries  after  1800.  Then  the  total  corrections  to  the  tables  of 
Hansen  are  as  follows: — 

-V,—l'-14— 29'-17T-3'-76T*-15'-6  cos  A. 

The  following  are  the  values  of  these  corrections  for  the 
principal  epochs  from  1625  to  1900.  The  computation  and 
comparison  with  observation  is  given  so  fully  that  any  explana- 
tion of  the  table  appears  to  be  unnecessary. 


Epoch. 

-V. 

-.15'-5 
OOB  A. 

-  1'-14 

-  29-17  T 

-  3-77  T*. 

Sum. 

Obeerva- 
tion. 

Diff. 

1625 

+  17'-1 

-10'-6 

+  38'-4 

+  44''-9 

+  50' 

+  5' 

1650 

21-4 

-16 -0 

34-1 

40-5 

39 

—  1-5 

1675 

16-9 

-14-7 

29-4 

31-6 

32 

+  0-4 

1700 

+  5-2 

-  9-5 

24-3 

20  0 

21 

+  10 

1726 

-  8-6 

-  1  -4 

18-6 

8-6 

7 

—  1-6 

1750 

-18-9 

+  7-3 

12-6 

+  0-9 

0 

-0-9 

1775 

-21  -2 

13-6 

+  6-9 

-  1-7 

0 

+  1-7 

1800 

-14-7 

15-4 

-  l-l 

-  0-4 

0 

+  0-4 

1825 

-  2  1 

12-4 

-  8-7 

+  1-6 

0 

-16 

1850 

+  11-4 

5-3 

-16-7 

0-0 

0 

00 

1860 

15-7 

+  1-8 

-20-0 

-  2-5 

+  1-5 

+  4-0 

1870 

19  0  • 

-  1  -7 

-23-4 

-  6  1 

-5-5 

+  0-6 

1880 

20-9 

-  5-2 

-26-9 

-11-1 

---- 



1890 

21-4 

-  8-4 

-30-4 

-17-4 





1900 

+  20-6 

-11-2 

-34-1 

-24-7 
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The  only  case  ia  which  the  diflference  exceeds  the  possible 
error  of  the  comparisons  is  at  the  epoch  1860.  As  an  explaoation 
of  this  I  can  only  suggest  that  the  term  found  by  Mr.  Neison  as 
due  to  the  action  of  Jupiter  is  at  that  time  added  to  the  result  of 
a  possible  error  in  Hansen's  value  of  the  terra  which  depends 
upon  the  ellipticity  of  the  earth.  The  comparison  may  there- 
fore be  improved  when  the  theory  is  suitably  corrected. 

The  great  question  which  now  arises  is  this.  Is  it  possible 
that  this  corfection  to  the  term  produced  by  the  action  of 
Venus  can  really  be  a  result  of  the  attraction  of  that  planet? 
We  are  struck  by  the  fact  that  the  proposed  change  can  be 
expressed  by  a  mere  change  of  the  algebraic  sign  of  the  con- 
stant term  or  the  argument,  leaving  the  value  of  the  co-efficient 
unchanged.  It  may  therefore  be  inquired  whether  it  iS  possible 
that  the  sign  of  this  quantity  is  erroneous  in  Hansen^s  formula. 
This  question  must  be  answered  in  the  negative.  I  have  found 
by  aVi  investigation  still  unpublished,  substantially  the  same 
result  as  Hansen;  while  the  researches  of  Delaunay  published 
in  the  Connaissance  des  Temps  for  the  year  1862  show  that  the 
approximate  expression  of  the  constant  term  in  question,  is 

180°— 2A% 
h"  being  the  longitude  of  the  node  of  Venus,  which  does  not 
diflFer  much  from  75°.     It  is,  therefore,  a  mere  chance  that  the 
change  of  Hansen's  term  can  be  expressed  in  this  wayi 

Although  Hansen,  Delaunay,  ana  myself  have  all  arrived  at 
the  same  result  for  the  value  of  the  term  in  question,  I  cannot 
confidently  say  that  that  result  is  completa  In  all  three  com- 
putations the  terms  of  the  second  order  due  to  the  mutual  attrac- 
tion of  Venus  and  the  earth  are  neglected.  It  is  evident  that 
in  consequence  of  this  mutual  attraction,  the  direct  action  of 
Venus  on  the  moon  is  different  from  what  it  would  be  if  each 
planet  moved  in  its  elliptic  orbit.  It  may  be  that  this  diflfer- 
ence is  sensible  in  terms  of  so  high  an  order  as  those  under 
consideration.     I  have  actually  computed  the  additional  terms 

in  —  (a  being  the  distance  of  Venus  from  the  earth)  which 

arise  in  this  way  and  which  depend  upon  the  argument 
18V— 16E.  The  result  is  that  the  values  of  the  several  parts 
which  make  up  this  term  are  quite  comparable  with  those  of 
the  elliptic  terms  which  depend  on  the  same  argument ;  but 
these  co-efl5cients  destroy  each  other  in  taking  the  sum.  I  have^ 
however,  always  regarded  my  computations  on  this  subject  as 
incomplete,  and  have,  in  consequence,  never  published  them. 

As  the  case  stands,  the  marked  agreement  between  theory 
and  observation  which  is  produced  by  the  introduction  of  this 
empirical  term,  seems  to  me  such  qs  to  warrant  its  provisional  use 
until  a  more  careful  investigation  of  the  subject  can  be  made. 

Waehrngton,  Oct  3,  1877. 
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SCIENTIFIC    INTELLIGENCE. 
I.  Chemistky  and  Physios. 

1.  On  the  Action  of  Saline  solutions  on  Lead,^^MviR  has  ex- 
amined the  action  exerted  by  various  saline  solutions  upon  lead, 
with  and  without  access  of  air,  with  a  view  to  explain  tne  mech- 
anism of  the  process.  The  lead  used  was  sold  as  pnre,  and  con- 
tained only  traces  of  manganese,  zinc  and  iron.  Three  parallel 
series  of  experiments  were  tried,  one  in  corked  flasks,  another  in 
beakers  covered  with  paper,  and  a  third  in  basins,  similarly 
covered.  Twenty-five  square  centimeters  of  lead  were  used  in 
each  experiment,  being  placed  in  a  solution  of  2*0  gram  per  liter, 
of  one  of  the  following  salts  :  ammonium  nitrate,  potassium 
nitrate,  calcium  chloride,  ammonium  sulphate  or  potassium  car- 
bonate, for  a  time  varying  from  14  to  21  days.  In  the  corked 
flask  the  maximum  effect  took  place  in  the  calcium  chloride 
solution,  1*9  milligrams  of  lead  being  dissolved  in  14,  and  3 
milligrams  in  21  days;  while  in  the  open  beaker,  ammonium 
nitrate  dissolved  from  2  to  4  milligrams,  and  in  the  open  basin, 
the  nitrate  and  sulphate  each  dissolved  from  8  to  Id  milligrams. 
The  order  of  solvent  power  is  NH,NO„  CaCl^  (NH,),SO„  KNO„ 
K,CO .  In  general,  access  of  air  increases  the  action.  The  • 
lead  deposit  formed  was  a  plumbic  hydrocarbonate  (PbCOJ,, 

Pb(OH),  or   Pb  •<  ^         ,  in  fine  silky  scales.    It  was  found  to 

^^  \  OH 
be  more  soluble  in  ammonium  nitrate  when  air  was  excluded  (one 
part  in  4,600),  and  in  calcium  chloride  with  access  of  air  (one  part 
in  26,000),  though  its  solubility  was  very  great  in  carbonic  acid 
water  (one  part  in  4,300).  The  author  believes  that  in  the  action 
of  saline  solutions  upon  lead,  a  soluble  salt  is  first  produced;  that 
carbon  dioxide  is  slowly  absorbed  from  the  air,  converting  the 
lead  into  hydrocarbonate,  which  is  mostly  precipitated ;  that  in 
certain  liquids  the  formation  of  the  soluble  salt  proceeds  at  first 
more  rapidly  than  its  precipitation,  but  that  later  the  latter  action 
preponderates;  and  that  carbonates  precipitate  the  lead  salt  as 
fast  as  it  is  formed,  in  the  form  of  hydrocarbonate. — J,  Ch,  Soc.y 
xxxi,  660,  June,  1877.  g.  f.  b. 

2.  Nisw  Method  for  the  Synthesis  of  hydrocarbons. — Fbibdbl 
and  Crafts,  in  examining  the  action  of  finely  divided  aluminum 
upon  organic  chlorides,  which  is  at  first  very  slow,  but  becomes 
more  rapid,  found  that  the  aluminum  chloride  formed  in  the 
reaction  was  the  active  agent  in  evolving  the  hydrogen  chloride, 
remaining  itself  unaltered.  If,  for  example,  amyl  chloride  be 
treated  with  the  anhydrous  chloride,  hyorochlonc  acid  gas  is 
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evolved  in  the  cold,  as  well  as  a  mixture  of  gases  not  absorbable 
by  bromine.  In  the  residue,  beside  the  unaltered  Al,Cl^  are 
contained  various  hydrocarbons,  some  of  high  boiling  point.  If, 
however,  the  amyl  chloride  be  mixed  with  a  hydrocarbon,  such  as 
benzene  in  excess,  the  evolution  of  gas  is  regular,  and  the  liquid 
separates  into  two  layers,  the  upper  one  of  which  is  a  solution  of 
amyl-benzene  in  excess  of  benzene,  the  lower,  one  of  A1,C1^ 
Iodides  and  bromides  act  similarly,  though  not  as  uniformly. 
Ethyl  iodide  treated  as  above  gave  ethylbenzene,  methyl  chloride 
gave  toluene  (methyl-benzene),  xylene  (dimethylbenzene)  mesity- 
lene  (trimethylbenzene)  and  aui-ene  (tetramethyl benzene),  benzyl 
chloride  gave  diphenylmethane,  chloroform  gave  triphenylme- 
thane  ana  carbon  tetrachloride  gave  tetrapheiiylmethane.  Acid 
chlorides  act  in  the  same  way.  Benzoyl  chloride  dissolved  in  ben- 
zene, gives,  by  the  action  of  aluminum  chloride,  the  ketone  ben- 
zophenone,  acetyl  chloride  gives  acetophenone,  phthalyl  chloride 
gives  phthalophenone  and  another  product,  probably  anthraquin- 
one.  Further  examination  showed  that  zinc  and  ferric  chlorides 
acted  similarly  in  the  cold,  ferrous  chloride  on  warming.  Copper, 
cobalt,  and  magnesium  chlorides  appeared  to  be  without  action. 
The  authors  explain  the  reaction  by  supposing  an  aluminum 
organic  compound  to  be  first  formed  and  then  decomposed,  regen- 
erating the  chloride,  thus : 

C.H.-hAl,Cl.=HCl+Al.Cl,(C.HJ 

A1,C1,.  (C,HJ+(CII,C.HJC1=A1,C1.+(CH..  C.H JC.H,. 

—J.  pr.  Ch.,  II,  xvi,  233,  Aug.,  1877.    {C.  R.,  Ixxxiv,  1392,  1450). 

G.  p.  a 

3.  The  Terpenes  of  Stcedish  Wood  Tar, — Atterberg  has  exam- 
ined a  so-called  "wood  oil,"  which  is  the  first  product  of  distilla- 
tion of  the  wood  tar  made  in  Sweden  by  the  destructive  distilla- 
tion of  resinous  woods,  principally  that  of  Pinus  Sf/lve8trt8.  The  oil 
was  freed  from  creasote-like  bodies  and  rammy  acids  by  repeated 
treatment  with  potassium  hydrate,  and  then  submitted  to  repeated 
fractioning.  In  this  way  there  was  isolated  a  terpene  boiling  at 
156*5°-167*5**,  and  having  the  properties  of  australene,  and  another 
boiling  at  173®-! 75®  having  the  odor  of  fresh  pine  wood,  and  not 
identifiable  with  any  other  terpene.  This  the  author  calls  sylves- 
trene.  These  two  terpenes  constitute  80  per  cent  of  the  oiL  Syl- 
vestrene  has  a  specific  gravity  of  0*8612  at  16*,  is  dextrorotatory, 
rotating  -)-lft*5®  in  sodium  light,  and  forms  mono-  and  di-hydro- 
chlorates,  the  latter  of  which  recrystallized  from  alcohol  yields 
broad  flat  brilliant  needles  fusing  at  72^-73®.  Heated  in  sealed 
tubes  with  potassium  hydrate,  sylvestrene  yields  an  oil  having  a 
strong  pelargonium  odor. — JBer,  Berl,  Chem,  Ges,^  x,  1202,  July, 
1877.  '  G.  F.  B. 

4.  On  the  Ainylene  from  Amyl  Iodide, — Eltekofp  "has  inves- 
tigated the  action  of  alcoholic  potash  upon  the  amylene  dibro- 
mide  obtained  from  amy!  iodide,  and  concludes  that  this  amylene 
is  really  a  mixture  of  two   isomeric   bodies,   isopropylethylene 
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CH[CH(CH,)J 

I  whose  bromine  derivative  gives  isopropylacetyl- 

CH, 

ene  by  the  action  of  alcoholic  potash ;  and  methylethyleth ylene 

CH[CH,(C,HJ] 

I  which  does  not  yield  valerylene  ander  these  cir- 

cumstances,  but  is  transformed  into  valeric  ether.  Isopropylacet- 
ylene  boils  at  35°,  forms  a  crystalline  addition  product  with  silver 

nitrate  AgC=C  —  CH  ■<  (iu*,  which  is  decomposed  by  iodine,  yield- 

ing  IC^C— CH  ]  Qo*, '  moniodisopropylacetylene.  —  BuU,   Soc. 

Ch.,  n,  xxviii,  Aug.,  1877.  g.  p.  b. 

5.  On  tJie  Constitution  of  unsaturated  Dibasic  Adds, — At  the 
close  of  a  series  of  researches  upon  certain  unsaturated  dibasic 
acids  made  in  his  laboratory,  Fittig  sums  up  the  results  and  dis- 
cusses their  bearing  upon  the  constitution  of  the  acids  in  question ; 
i  e.,  fumaric  and  maleic  acids  in  one  group,  and  itaconic,  citraconio 
and  mesaconic  acids  in  another.    The  facts  are  (1)  the  two  former 

CH,.  COOH 
unite  directly  with  hydrogen  to  yield  succinic  acid  i       prxrvrr* 

as  the  three  latter  by  the  same  treatment  yield  the  same  pyrotar- 

?"■  .  . 

taric  acid,  OH.  COOH ;  (2)  the  former  acids  by  union  with  bromine 

6h,.cooh 

give  two  different  dibromosuccinic  acids  (both  of  which,  however, 
are  substitution  products  of  ethylene-succinic  acid),  as  the  latter 
give  in  the  same  way  three  different  dibromopyrotartaric  acids 
(which  must  equally  be  regarded  as  substitution  products  of 
common  pyrotartaric  acid) ;  (3)  the  former  acids  by  union  with 
hydrogen  bromide  yield  the  same  bromosuccinic  acid,  the  latter 
the  same  bromopyrotaftaric  acid,  except  itaconic  acid,  which  yields 
an  isomer;  (4)  while  mono- or  di-brom-citraconic  and  mesaconic 
acids  lose  with  great  ease  on  boiling  with  water  or  bases  a  mole- 
cule of  carbon  dioxide,  becoming  meth acrylic  or  bromomethacry- 
lic  acids,  probably  identical,  and  easily  reduced  to  isobutyric  acid, 
the  corresponding  derivatives  of  itaconic  acid  are  more  permanent 
and  yield  no  carbon  dioxide  when  thus  treated ;  (6)  while  fuma- 
rates  and  maleates  yield  on  electrolysis  the  same  acetylene,  and 
citraconic  and  mesaconic  acids  the  same  allylene,  itaconic  acid 
gives  a  hydrocarbon  not  precipitating  silver  solutions.  There  is 
no  constitutional  formula  which  will  satisfy  all  these  conditions  if 
the  position  be  maintained  that  in  unsaturated  compounds  the 
carbon  atoms  are  always  united  by  several  bonds.  Hence  the 
facts  compel  the  adoption  of  the  view  advanced  by  Kekule,  that 
beside  these,  there  are  other  bodies,  such  as  carbonous  oxide  for 
example,  in  which  there  are  single  carbon  atoms  whose  attractions 
are  not  completely  balanced.  Rejecting  also  as  unproved  the 
existence  in  a  compound  of  carbon  atoms  three  of  whose  units  are 
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balanced  while  the  fourth  is  free,  the  author  gives  for  maleio  add 

CH,COOH  CH .  COOH 

the  formula     I  and  for  fumaric  acid  M  .    For 

=C.COOH  CH.COOH 

=CH  CH, 

itaconic  acid  he  gives  CH .  COOH ,  or  C .  COOH    ,  for  dtraconie 

ijH^.COOH       in,.  COOH 
CH,  cb. 

acid  CH .  COOH  and  for  mesacouic  acid  C .  COOH     .     Hence  the 

=(^.COOH  i^H.COOH 

isobrommaleic  acid  of  Eekul6  is  properly  bromfumaric  acid,  and 
the  dibrommaleic  acid  of  Bourgoin,  dibromfumaric  acid.  Of  the 
two  itaconic  acid  formulas,  Fittig  prefers  the  first. — Liebig  Ann.^ 
clxxxviii,  96,  July,  1811.  o.  f.  b. 

6.  On  a  Phenol  of  Phenanthrene^  Phenanthrol, — ^Rbhs  has  ex- 
.  amined,  under  Graebe's  direction,  the  product  obtained  by  fusing 
phenanthrenemonosulphonic  acid  with  potassium  hydrate.  After 
solution  in  water,  the  phenanthrol  was  separated  in  oily  drops  by 
the  addition  of  sulphuric  acid,  which  soliaified  on  cooling.  After 
boiling  with  ammonium  carbonate,  and  recrystailization  from  a 
mixture  of  petroleum  naphtha  and  benzene,  it  was  obtained  in 
beautiful  blue-fluorescing  plates,  fusing  at  112^,  and  giving  on 
analysis  the  formula  Cj^H,(OH).  It  forms  well  crystallized  com- 
pounds with  alkalies,  and  ethers  with  acid  oxides. — Ber,  BerL 
Chem.  Oea,,  x,  1262,  July,  1877.  g.  p.  b. 

1,  Formation  of  Bosolic  add  from  Cresol  and  PhencL — ^The 
discovery  of  Caro  and  Wanklyn  that  bv  de-nitrogenizing  rosaniline 
rosolic  acid  could  be  formed,  and  of  Dale  and  Schlorlemmer,  that 
aurin  (rosolic  acid)  could  be  converted  into  rosaniline,  led  ZuXi- 
KowsKY  to  attempt  the  production  of  rosolic  acid  from  cresol  and 
phenol  as  rosaniline  is  produced  from  toluidine  and  aniline.  A 
mixture  of  two  molecules  cresol,  one  phenol  and  three  of  sulphuric 
acid  heated  with  arsenic  acid  to  120"  C.  became  dark  brown  and 
thick  and  yielded  to  water  a  gummy  body  with  a  greenish  metallic 
luster,  having  all  the  properties  of  rosolic  acid.  It  is  not  produced 
with  phenol  alone.    The  author  represents  rosaniline  as ' 

NH, .  C^,     I         4^rj  a^d  rosolic  acid  as  OH  .  C,H,     I  i     , 

^^•"4cH,  ^^•^•loH. 

Corallin  he  separated  into  five  different  bodies, — Ber.  Berl  Chem. 
Oes.j  X,  1201,  July,  1877.  g.  p.  b. 

8.  A  new  Coloring  matter. — Hopmank  has  exandned  a  new 
brilliant  red  coloring  matter,  obtained  from  Martins.  He  found  it 
to  be  the  sodium  salt  of  an  organic  acid,  which  was  separated  by 
concentrated  hydrochloric  acid.  Fine  red  needles  were  obtained, 
easOy  soluble  in  alcohol,  less  so  in  water,  having  the  formula 
C,^„N,SO^,  and  being  monobasic.     No  doubt,  therefore,  that 
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this  body  was  analogous  to  cbrysoidiD,  and  that  it  could  be  forined 
by  diazobenzol  and  napbtolsulphonic  acidj^by  azosulphanilio  acid 
witb  a  naphtol,  by  azonaphtylaminsulphonic  acid  and  pbenol,  and 
by  diazonapthalene  ^nd  a  pbenolsulphonic  acid.  Usin^  the  first 
method,  and  mixing  sodiam  a  naphtolsulpbonate  with  aniline 
nitrate  and  potassium  nitrite,  the  new  color  was  obtained. — JBer, 
JBerL  Chem.  Oes,^  x,  1878,  July,  1877.  o.  p.  b. 

9.  Examination  of  a  Nickel  magnet, — H.  Wild.  (Abstract 
from  the  original  memoir).  The  author  has  submitted  to  examina- 
tion a  nickel  magnet  presented  to  Kotschubey,  President  of  the 
Russian  Technological  Society,  by  Jos.  Wharton  of  Philadelphia. 
It  had  the  form  of  a  flat  bar,  2  mm., thick,  9.5  mm.  broad,  and 
155  mm.  long,  pointed  at  the  ends,  and  had  at  its  center  an  agate 
cap  for  supporting  it  on  a  pivot.  Its  weight  was  25  grams.  Its 
magnetic  moment  was  determined  by  comparison  with  a  bar  of 
steel  of  about  the  same  dimensions,  and  found  to  be  per  gram 
112,000  units,  the  steel  giving  245,000.  After  remagnetizing,  the 
nickel  gave  188,000,  the  steel  368,000.  With  wolfram  steel,  the 
moment  went  up  to  594,000  in  one  instance.  The  nickel  was 
analyzed  by  Butlerow  and  found  to  contain  only  one-third  of  one 
per  cent  of  iron,  with  traces  of  cobalt.  The  effect  of  temperature 
and  of  time  upon  the  magnetism  of  nickel  was  also  noted.  The 
following  are  the  conclusions  of  the  memoir:  1st.  Pure  nickel, 
milike  pure  sofl  iron,  may  acquire  a  considerable  amount  of  per- 
manent magnetism;  but  the  amount  of  this  magnetism,  as  a 
maximum,  is  only  from  one-half  to  one-third  of  that  which 
hardened  steel  can  receive.  2d.  The  magnetism  remaining  in  the 
nickel  after  the  magnetizing  force  ceases,  is  less  permanent  than 
in  well  hardened  steel ;  the  slow  loss  of  magnetism  in  the  course 
of  time,  as  well  as  that  occasioned  by  heating  and  cooling,  is 
proportionally  greater  than  in  hardened  steel,  even  when  like  the 
steel,  it  is  brought  by  repeated  warming  and  cooling  into  a  certain 
condition  of  permanence.  3d.  The  temperature-coefficient  of  a 
nickel  magnet  in  this  condition,  is  a  little  greater  than  that  of  well 
hardened  steel.  4th.  The  temporary  magnetism  which  pure  nickel 
assumes  is  about  double  that  of  its  permanent  magnetic  moment, 
about  half  of  the  temporary  magnetism  which  hardened  steel  can 
acquire  and  one-fourth  of  that  capable  of  being  developed  in  soft 
iron,— BuU,  Ac.  St.  Pet.,  xxiv,  1,  May,  1877. 

10.  Spectroscope  with  a  Fluorescent  Eye-piece. — M.  J.  L.  Sobet 
has  published  a  detailed  description  of  improvements  which  he 
has  made  in  the  application  of  the  well  known  properties  of 
fluorescent  substances  to  the  observation  of  the  ultra  violet  por- 
tions of  the  spectrum.  He  places  a  screen  of  the  fluorescent 
material  at  the  focus  of  the  object-glass  of  the  spectroscope,  and 
views  the  spectrdm  projected  on  this  screen  with  an  eye-piece 
placed  obliquely,  so  that  the  diaphragms  and  blackened  walls  of 
the  tube  may  extinguish  the  direct  rays.  As  a  screen  he  uses 
either  a  small  plate  of  uranium  glass  or  a  cell  fitted  with  an 
aqueous  solution  of  esculine ;   and  the  spectroscope  is  best  con- 
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structed  with  leoses  of  quartz  and  prisms  of  Iceland  spar.  With 
lenses  of  ^lass  and  prisms  of  flint  the  spectrum  lines  could  not  be 
distinguished  beyond  N,  but  with  the  spectroscope  whose  constmo- 
tion  he  describes  in  detail  the  principal  lines  could  be  distin- 
guished as  far  as  T.  With  a  more  portable  spectroscope  of 
similar  construction  M.  Soret  has  made  observations  in  the  Alps 
at, an  altitude  of  8180  meters,  and  draws  from  them  the  conclu- 
sions, that  although  the  ultra  violet  spectrum  is  more  brilliant 
at  high  elevations  than  on  the  plains  it  has  no  greater  ext^iL 
In  the  observations  referred  to,  he  could  not  distinguish  rays 
more  refrangible  than  T.  Whence  he  infers  that  it  is  the  atmos- 
phere of  the  sun,  and  not  that  of  the  eaith  which,  absorbs  the 
most  refrangible  rays  of  the  spectrum.  The  diminution  in  bril- 
liancy of  the  more  refrangible  portion  of  the  spectrum  caused  by 
the  atmosphere  he  refers  not  to  the  selective  absorption  of  its 
aeriform  constituents,  but  to  the  effect  of  the  floating  liquid  or 
solid  particles,  which  when  more  abundant  produce  a  distinct  base 
or  collect  in  clouds.  .  The  general  absorption  of  light  due  to  this 
last  cause  affects  all  the  rays  of  the  spectrum,  but  to  a  greater 
extent  in  proportion  as  the  rays  are  the  more  refrangible. — Afm. 
'Chim.  et  ae  Phys,y  V,  xi,  72.  j.  p.  c,  jb. 

11.  Sun*8  IleaL — M.  A.  Crova  has  published  a  very  extended 
paper  on  the  calorific  intensity  of  the  solar  radiation  and  its 
absorption  by  the  atmosphere  of  the  earth.  In  this  paper  the 
author  discusses  very  exhaustively  methods  of  observation  and 
gives  the  results  of  a  large  number  of  measurements  which  are  of 
great  interest,  but  can  not  be  described  in  a  short  abstract. — Ann, 
Chim,  et  de  Phys.^  V,  xi,  433.  j.  p.  c.,  jb. 

12.  Changes  in  the  Spectra  of  Gases  caused  by  increasing  ten- 
sion.— In  the  spectrum  of  a  gas  rendered  luminous  by  an  electric 
spark  M.  Wullner  distinguishes  two  classes  of  effects  as  caused  by 
an  increasing  tension.  In  the  case  of  hydrogen  only,  the  bands 
themselves  broaden  into  a  continuous  spectrum.  With  other 
gases  a  continuous  spectrum  appears  between  the  bands  which 
remain  meanwhile  as  definite  as  at  first  In  the  case  of  compounds 
of  carbon  and  markedly  in  the  case  of  carbonic  dioxide  the  bril- 
liancy of  the  continuous  spectrum  soon  becomes  so  great  that  the 
bands  disappear,  but  with  nitrogen  and  with  air  they  can  be  dis- 
tinguished until  the  pressure  becomes  much  more  considerable. 
This  restatement  of  the  results  of  previous  observations  is  occa- 
sioned by  a  communication  of  M.  Cazin  who  refers  the  continuous 
spectrum  in  such  cases  to  the  solid  particles  transported  and 
rendered  luminous  during  the  electric  aischarge. — Ann.  Chim.  el 
de  Fhys.y  V,  xii,  143.  j.  p.  a,  jr. 

13.  "  The  Influence  of  Light  in  Chemical  Changes  and  chi^y 
in  OxidiUiony^  is  the  subject  of  a  recent  uaper'by  M.  P.  Chas- 
TAiNG.  The  author  distinguishes  as  a  dennite  effect  of  the  sun's 
rays  the  determining  of  the  oxidation  of  inorganic  metallie  com- 
pounds, an  influence  which  he  locates  in  a* different  part  of  the 
solar  spectrum  from  the  well-known  reducing  action.  He  deduces 
this  conclusion  chiefly  from  the  observation  that  the  oxidation  of 
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such  substances  as  ferrous  sulphate,  alkaline  solution  of  arsenious 
acid,  and  aqueous  solutions  of  hydric  sulphide  or  alkaline  sulphides 
proceeds  more  rapidly  in  the  light  than  in  the  dark,  and  he 
endeavors  to  estimate  the  action  of  the  light  by  the  difference  in 
the  rapidity  of  the  process  in  the  two  cases  under  otherwise  like 
conditions.  He  concludes  that  the  chemical  action  of  the  solar 
spectrum  on  metallic  compounds  both  binaries  and  salts  while 
reduoinff  at  the  more  refrangible  end  is  oxidizing  at  the  less 
refrangible  end.  The  general  reducing  action  of  white  light  he 
refers  to  the  circumstance  that  in  the  rays  as  a  whole  the  reduc- 
ing action  is  the  more  powerful  of  the  two.  M.  Chastaing  finds 
that  the  green  rays  still  exert  a  reducing  action  and  he  locates 
between  the  rays  D  and  E  a  neutral  point  of  the  spectrum,  at 
which  chemical  action  takes  place  as  in  darkness.  It  appears 
however  that  the  action  exerted  on  organic  compounds  by  the 
light  is  quite  different  from  that  just  indicated.  Its  influence  on 
such  bodies  is  always  oxidizing  and  this  effect  continually  increases 
as  we  pass  from  the  red  to  the  violet  end  of  the  spectrum  with 
some  variation  from  this  law  in  the  green  rays.  For  numerous 
details  and  subordinate  conclusions  we  must  refer  to  the  original 
paper  which  is  quite  long  but  full  of  interest.  We  must  add  that 
results  of  our  own  do  not  accord,  at  least  apparently^  with  those 
of  M.  Chastaing.  We  have  recently  discovered  in  the  oxidation 
of  a  solution  of  antimonious  iodide  under  the  combined  action  of 
the  air  and  light  a  direct  effect  of  oxidation  caused  by  the  sun's 
rays,  and  this  effect  is  produced  chiefly,  if  not  wholly,  by  the  more 
refrangible  rays. — Ann,  Chim,  et  de  Phys,^  V,  xi,  146.   j.  p.  c,  jr. 

14.  Magnetic  rotatory  Polarization, — M.  Henri  Becqukrel  has 
very  recently  published  the  results  of  an  important  investigation 
on  *'  Magnetic  rotatory  Polarization,"  which  is  especially  inter- 
esting as  supplementing  the  researches  of  his  distinguished  father 
on  the  same  subject.  His  memoir  is  quite  long  and  the  results 
cannot  be  stated  in  a  few  words.  The  most  important  general 
conclusions  are  the  following : — 

(1.)  That  the  positive  rotation  of  the  plane  of  polarization  of  a 
ray  of  light  having  a  definite  wave-length,  in  passing  through  the 
unit  of  thickness  of  a  diamagnetic  material  under  the  influence  of 
magnetism,  is  sensibly  proportional  to  n*  (w^-^1),  a  function  of  the 
index  of  refraction,  and  to  a  factor  depending  on  the  ma^etism 
and  on  the  diamagnetism  of  the  body,  this  factor  becommg  the 

?;reater  in  proportion  as  the  substances  are  more  diamagnetic. 
2.)  That  with  substances  chemically  allied  or  containing  the 
same  radical  the  quotient  of  the  magnetic  rotation,  and  the  cor* 
responding  value  of  n*(?i2  —  1),  varies  very  slightly.  (8.)  That  the 
chemical  nature  of  the  substance  exerts  an  important  influence  on* 
the  phenomenon,  and  that  the  several  constituents  of  a  compound 
may  produce  an  independent  effect.  (4.)  That  when  in  solution 
the  specific  effect  of  the  molecules  of  diamagnetic  bodies  is  not 
influenced  by  the  concentration  of  the  solution,  while  that  of  the 
molecules  of  magnetic  bodies  may  be  greatly  affected  by  the 
Am.  JotjB.  Sci.— Third  SfeRiiss,  Vol.  XIV,  No.  88.— Nov.,  1877. 
38 
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closer  proximity,  which  such  a  conceotration  would  canse, 
(5.)  That  when  the  substances  are  very  diamagnetic  the  disper- 
sion of  the  rays  caused  by  the  magnetic  rotation  is  sensibly  pro- 
portional to  — ^j2 '  in  which  expression  \  is  the  wave  length 

and  n  the  index  of  refraction.  For  various  qualifications  and 
details  we  must  refer  to  the  original  paper,  and  also  for  a  difica»- 
sion  of  the  theory  advanced  by  M.  Becquerel  p^re,  which  refers 
the  differences  between  magnetic  and  diamagnetic  effects  to  the 
relative  strength  of  the  magnetic  energjr  of  the  bodies  expeii- 
mented  on  and  that  of  the  medium  by  which  they  are  surroanded. 
— Ann,  Chim,  et  de  Phya,^  V,  xiii,  5.  j.  p.  c.,  jb. 

15.  Rose^olored  Sulphide  of  Manganese, — The  conditions  of  tbe 
transformation  of  the  rose-colored  sulphide  of  manganese  obtained 
by  precipitation  into  the  green  semi-crystalline  modification  of  the 
same  compound  has  been  studied  by  MM.  Ph.  de  Clermont  et 
H.  Guiot  who  come  to  the  conclusion  that  the  two  substaDcee 
are  different  states  of  hydration  of  the  same  body. — Ann,  Chinu 
et  de  Phya.^  V,  xii,  111. 

16.  Analysis  of  Alkaline  Sulphides  and  Sulpho^arbonaies, — 
M.M.  Dklacuanal  et  Mbrmet  have  described  a  new  method  for 
the  complete  chemical  analysis  of  alkaline  sulphides  and  solpho- 
carbonates  based  on  the  application  of  hypobromite  of  potassium 
as  an  oxidizing  agent.  The  method  offers  certain  marked  advan- 
tages and  the  values  obtained  indicate  that  it  yields  accurate 
results. — Ann.  Chim.  et  de  Phys.y  V,  xii,  88. 

17.  Separation  of  Potassium  from  Sodium. — Schloesikq  has 
improved  and  simplified  the  process  proposed  by  SeruUas  for 
separating  potassium  from  sodium  based  on  the  circumstance  that 
potassic  prochlorate  is  insoluble  in  alcohol  and  that  of  the 
radicals  most  frequently  occurring  in  analytical  processes  potassium 
is  the  only  one  whose  prochlorate  does  not  dissolve  in  this 
solvent.  He  uses  for  the  purpose  pure  perchloric  acid,  and  g^ves 
simple  methods  for  preparing  this  reagent  in  the  required  quantity. 
Perchloric  acid  in  excess  readily  replaces  both  nitric  and  hydro- 
chloric acid,  forming  perchlorates  of  the  bases  present.  Potassic 
perchlorate  is  then  easily  separated  and  washed  with  alcohol  ci 
forty  degrees  Baum^.  In  this  process  the  potassium  is  weighed 
as  perchlorate  after  the  salt  has  been  heated  to  250°,  while  the 
sodium  is  converted  into  sulphate  and  weighed  as  such. — Ann. 
Chim,  et  de  Phys.^  V,  xi,  661.  j.  p.  c.,  jr. 

18.  ^  volumetric  method  of  determining  the  amount  of  Mm- 
ganese  in  iron  ores,  is  described  by  M.  Garcia  PABRBll^o  which 
will  undoubtedly  be  found  useful  in  many  cases.  The  manganese 
in  the  ore  is  at  the  outset  converted  into  MugO^  by  roasting  in  a 
platinum  crucible.  About  a  gram  is  taken  for  each  assay  which 
IS  dissolved  in  thirty-five  to  forty  cubic  centimeters  of  hydrochloric 
acid.  The  process  is  conducted  in  a  flask,  and  the  chlorine  gas 
conducted  into  a  weak  solution  of  potassic  iodide,  the  last  traces 
being  driven  over  by  boiling  the  acid.    The  amount  of  iodine 
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thus  set  free  is  then  determined  by  a  standard  solution  of  hyposul- 
phite of  sodium  which  bleaches  the  solution  colored  by  the  iodine. 
The  solution  of  the  hyposulphite  is  standardized  by  a  preliminary 
experiment  with  pure  Mn304. — Aim.  Chim,  et  de  Phys,^  V,  xi, 
571.  J.  p.  c,  JR. 

19.  Light:  A  series  of  simple^  entertaining  and  inexpensive 
experiments  in  the  phenomena  of  light,  for  the  use  of  stvdents  of 
every  age;  by  Alfred  M.  Mayer  and  Charles  Barnard.  112 
pp.  8vo.  New  York,  1877,  (D.  Appleton  &  Co.). — ^The  purpose  of 
this  little  volume  is  to  present  and  illustrate  the  fundamental  phe- 
nomena of  light  in  a  manner  suited  to  the  ready  comprehension 
of  the  younger  class  of  students,  and  to  suggest  means  for  verify- 
ing the  laws  of  its  action  by  actual  experiment.  The  text,  which 
was  prepared  by  Mr.  Barnard  and  revised  by  Professor  Mayer,  is 
written  in  vivacious  and  entertaining  style,  and  with  such  clear- 
ness and  accuracy  of  statement  that  the  most  inexperienced 
student  cannot  fail  to  understand  it.  The  experiment,  which 
were  devised  by  Professor  Mayer,  are  for  the  most  part  new,  and 
have  the  merit  of  combining  precision  in  the  methods  with  ex- 
treme simplicity  and  elegance  of  design.  Nearly  all  the  apparatus 
figured  can  be  made  by  the  young  experimenter  himself,  with  the 
use  of  the  most  common  and  inexperftive  material,  and  at  a  very 
slight  expense,  the  whole  cost  of  the  articles  required  being  less 
than  fifteen  dollars.  The  aim  of  the  authors  has  been  to  make 
their  readers  "  experimenters,  strict  reasoners,  and  exact  observ- 
ers," and  for  the  attainment  of  this  end  the  book  is  admirably 
adapted.  Its  value  is  further  enhanced  by  the  numerous  care- 
fully drawn  and  well  executed  cuts,  which  add  greatly  to  its 
beauty.  It  is  to  be  hoped  that  many  will  avail  themselves  x>i 
this  opportunity  to  become  practically  acquainted  with  the  funda- 
mental principles  of  Optics.  a.  w.  w. 

20.  A  Manual  of  Inorganic  Chemistry  ;  VoL  IL  The  Metals  ; 
by  T.  R  Thorpe,  Ph.D.,  F.R.S.,  Professor  of 'Chemistry  in  the 
Yorkshire  College  of  Science,  Leeds.  New  edition,  400  pp.  8vo. 
New  York,  1877,  (G.  P.  Putnam  <fc  Sons). — The  previous  edition 
of  this  work,  as  well  as  the  other  volumes  by  the  same  author,  are 
well  known  among  chemists,  and  their  value  fiilly  appreciated. 
A  feature  of  this  new  edition  is  the  collection  of  examination  ques- 
tions and  exercises  at  the  end  of  the  volume. 

21.  A  System  of  Volumetric  Analysis,  by  Dr,  Emil  Fleischer, 
Translated  with  notes  and  additions  from  the  second  German 
edition;  by  M.  M.  Pattison  Muir,  F.R.S.E.  274  pp.  8vo.  Lon- 
don, 1877,  (Macmillan  &  Co). — The  peculiar  merit  of  this  work 
lies  in  the  fact  that  it  gives  not  '*  a  complete  collection  of  receipts" 
for  independent  processes,  but  a  system  of  general  methods  under 
which  the  individual  cases  may  be  brought.  As  remarked  by  the 
translator  the  work  attempts  to  divide  volumetric  processes  into 
a  few  great  groups,  to  explain  clearly  the  principles  underlying 
each,  and  further  to  illustrate  by  examples  the  application  of  these 
principles.    It  will  be  readily  seen  how  much  greater  benefit  the 
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student  will  derive  from  8tudying  this  subject,  when  so  systemati- 
cally presented.  We  are  indebted  to  the  translator  for  the  intro- 
duction of  the  chemical  nomenclature  and  notation  of  modem 
chemistry,  for  some  advantageous  condensation,  and  for  the  addi- 
tion of  more  or  less  new  matter. 

11.  Geology  and  Mineralogy. 

1.  Geological  and  Oeographical  Survey  of  the  Territories  ;  by 
F.  V.  Haydkn,  TJ.  S.  Geologist  in  charge.  Conducted  under  the 
authority  of  the  Secretary  of  the  Navy.  Washington. — The  fol- 
lowing are  notices  of  the  recent  publicatfons  of  Dr.  Hayden'& 
survey,  which  has  been  so  rich  in  results  to  science  and  the 
country. 

(1.)  Ninth  Atmual  Report^  being  a  Report  of  Progress  for  the 
year  18V6.  810  pp.  Bvo,  with  numerous  plates. — This  volume 
contains  the  following  Reports:  A  letter  to  the  Secretary  of 
the  Interior,  by  Dr.  F.  V.  Hayden  (30  pp.);  Geology  of  the 
Grand  River  District,  by  Dr.  A.  C.  Peale  (70  pp.);  Geology  of 
the  Southeastern  District  of  Colorado,  by  F.  M.  Endlich  (1S4 
pp.) ;  Geology  of  the  San  Juan  Division,  by  W.  H.  Holmks  (50 
pp.) ;  Notes  on  the  Tertiary  %nd  Cretaceous  of  Kansas,  by  B.  F. 
MuDG5  (18  pp.).  Also  Topographical  and  Geographical  Re- 
ports by  A.  D.  Wilson  and  F.  B.  Rhoda,  H.  Gannett,  G.  B. 
CHnTENDKN  and  G.  R.  Beghleb  ;  and  Zoological  Reports  on  the 
History  of  the  American  Bison,  by  J.  A.  Allen;  and  on  the 
Rocky  Mountain  Locust  and  other  injurious  insects  of  the  West, 
by  A.  S.  Packard,  Jr.  We  cite  a  few  facts  from  some  of  these 
reports. 

Dr.  Peale  describes  first  the  topography  of  his  region  and  then 
the  distribution  and  characters  of  the  geological  formations. 
These  formations  include  the  Archsean,  (visible  only  where  the 
other  rocks  have* been  removed),  the  Carboniferons  or  Permo- 
Carboniferous,  the  Tria8sic  ?,  Jurassic  ?,  and  Cretaceous,  and  also 
volcanic  rocks.  Dr.  Peale  observes  that  the  formations  afford 
evidence  of  a  gradual  subsidence  of  the  surface  in  this  part  of  the 
Rocky  Mountains  (the  Grand  River  District),  frorti  Pre-Silurian 
times  to  at  least  the  end  of  the  Cretaceous,  and  of  no  mountsun- 
making  era  between.  "  The  Archaean  area,  along  the  northern 
edge  of  the  San  Juan  Mountains  and  south  of  the  Gunnison 
River  probably  formed  a  shore-line  in  Cretaceous  times.*'  "The 
area  of  the  Archaean  Continent  was  probably  of  some  consider- 
able extent,  and  the  area  of  this  district  was  probably  an  exten- 
sion of  that  farther  east,  where  the  main  chain  of  the  Rocky 
Mountains  is  now."  No  Silurian  or  Devonian  beds  were  ob- 
served; and  over  a  s^reat  part  of  the  district  the  red  beds  (Triaa- 
sic)  rest  inmiediately  on  the  Archaean.  The  thickness  of  the 
Carboniferous  in  Colorado  is  stated  to  be  4,000  to  6,000  feet ;  and 
of  this  only  500  to  1,000  feet  consist  of  fragmental  rocks.  The 
accounts  of  the  other  formation  contain  interesting  sections  and 
many  important  details. 
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Dr.  Endlich  describes  the  Sangre  de  Cristo  range  and  the  San 
Luis  and  the  Huerfano  region.  The  highest  mountains  of  this 
part  of  Colorado  generally  consist,  he  states,  of  metamorphic 
rocks,  among  which  granites  and  gneisses  are  the  prevailing  kinds. 
Some  of  them,  however,  carry  sedimentary  beds  to  their  summits, 
as  is  the  case  with  the  Trinchera  group,  13,000  feet  above  the 
sea-level.  The  absence  of  Silurian  beds  among  the  unaltered 
strata  in  connection  with  their  presence  farther  east,  leads  Dr. 
Endlich  to  suggest  that  the  metamorphic  rocks — granites,  gneisses, 
etc. — may  belong  to  the  Silurian  and  perhapd  also  the  lowest  Car- 
boniferous, and  he  adde,  this  point  is  at  least  "entitled  to  further 
investigation."  The  Carboniferous  and  Cretaceous  rocks  are 
described  and  various  sections  are  given.  The  volcanic  rocks  are 
spoken  of  as  either  trachyte,  dolerite  or  basalt.  There  are  six 
volcanic  areas  situated — near  the  eastern  entrance  of  the  Sangre 
de  Cristo  Pass;  on  the  Lower  Huerfano,  constituting  small  tables; 
the  Spanish  Peaks;  and  a  trachytic  area  near  the  headwaters  of 
Rio  Culebra  and  Costella.  Besides  these  areas  there  are  numer- 
ous dikes.  In  the  chapter  on  the  Sawatch  Range,  several  remark- 
able examples  of  erosion  are  finely  represented  on  the  plates,  in 
which  beds  of  trachytic  conglomerate  are  reduced  to  clusters  of 
slender  columns  or  monuments  frond  50  to  400  feet  in  height.  An 
account  of  the  coal  beds  of  the  Trinidad  region  contains  results  of 
assays  of  the  coal.  Dr.  Endlich  also  discusses  the  distribution  of 
the  Ancient  Glaciers  of  Southern  Colorado,  and  illustrates  the 
subject  with  a  map. 

Dr.  Holmes  describes  the  geology  of  the  La  Plata  mining  re- 
gion, giving  several  well-executed  views  and  sections,  and  stating 
many  facts  of  interest  connected  with  the  trachytic  eruptions. 
Prolessor  Mudge  presents  stratigraphical  details  respecting  the 
Tertiary  and  Cretaceous  beds  of  Kansas. 

The  Topographical  and  Geographical  Reports  treat  of  the 
Grand  River  District,  (including  the  Uncompahgre  valley  and 
plateau,)  the  San  Juan  District,  the  Front  Range  of  the  Kocky 
Mountains,  and  the  Middle  and  South  Parks,  giving  details  of  the 
courses  and  heights  of  mountains,  systems  of  drainage,  soil  and 
vegetation,  and  a  large  amount  of  information  of  practical  as  well 
as  scientific  value.  Mr.  Bechler's  Report  covers  observations  for 
the  three  years,  1873,  1874,  1876.  It  contains  a  general  discus- 
sion of  the  mountain  systems  of  the  Middle  and  South  Parks,  and 
is  illustrated  b^  many  outline  sketches  which  are  very  effective. 

The  Zoological  Report  by  Mr.  Allen,  which  had  previously 
appeared,  has  already  been  noticed  in  this  Journal  Professor 
Packard's  Report  treats  of  a  subject  of  the  highest  importance  to 
the  country — the  injurious  insects  of  the  west — and  occupies  220 
pages  of  the  volume.  He  remarks  that  in  the  United  States  the 
loss  of  agricultural  products  ivom  this  source  is  probably  over 
two  hundred  millions  of  dollars  each  year,  and  tnat  from  one- 
quarter  to  one-half  of  this  amount  might  be  saved  by  preventive 
measures.  Many  figures  are  added  to  the  text  illustrating  the 
species. 
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(2.)  Bulletin  of  the  Survey^  vol.  iii,  No.  4,  pp.  118,  8vo,  (789- 
856  of  vol.  iii). — ^This  number  of  the  Bulletin  contains  the  follow- 
ing articles:  The  first  discovered  traces  of  fossil  insects  in  the 
American  Tertiaries,  hy  S.U.  Scuddeb;  description  of  two  species 
of  CarabidaB  from  Scarboro  Heights,  by  S.  H.  Scubdbr  ;  Report 
on  insects  collected  in  the  explorations  of  1875,  by  P.  R.  Uhlkr; 
on  Cambanis  Couesiy  a  new  craw-fish  from  Dakota,  by  T.  H. 
Streets  ;  on  a  Carnivorous  Dinosaur  {Lcelape  trihedrodan)  from 
the  Dakota  beds  of  Colorado,  by  E.  D.  Cope  ;  contribution  to  the 
Ichthyological  fauna  of  the  Green  River  Shales,  by  E.  D.  Cope  ; 
on  the  genus  Mriaichthe^  by  K  D.  Cope. 

Mr.  Cope  states  that  the  fish  of  the  Green  River  Shales  repre- 
sent families  partly  of  fresh  water  and  partly  of  brackish  or  salt 
water  species.  Material  is  needed  to  decide  whether  the  Green 
River  lake  had  conftnunication  with  the  sea. 

(3.)  Monographs  of  North  American  Itodentia^  by  Elliott 
CouES,  Assistant  Surgeon  IT.  S.  A.,  and  J.  A.  Allen,  Assistant 
in  the  Museum  of  Comparative  Zoology,  Cambridge. — This  large 
volume  consists  of  a  series  of  elaborate  monographs  of  the  several 
families  of  Rodents  by  Dr.  Coues  and  Professor  Allen.  Those  of 
the  Muridce,  T^podiace^  SaccomgidcB,  HaplodontidcBy  Geomf/idoB. 
by  Dr.  Coues,  and  those  of  the  Zeporidce,  HystrictdcBy  lAigo- 
rngidcB^  Castoroididae^  Castoridce  and  Sciuridce^  by  Professor 
Allen.  Specific  and  family  distinctions,  structural  relations,  geo- 
graphical distribution  past  and  present,  divergences  of  varieties, 
and  causes  or  conditions  of  variation,  are  among  the  subjects 
which  come  under  discussion  in  this  volume,  and  all  the  topics 
are  treated  with  thoroughness  and  precision.  The  monograph  on 
the  MuridsB  is  accompanied  by  four  plates.  The  volume  closes 
with  a  synoptical  list  of  the  fossil  Rodents  of  North  America,  by 
Professor  Allen,  and  a  Bibliography,  by  Mr.  T.  Gill  and  Dr. 
Coues. 

(4.)  Miscellaneous  Publications,  No.  7.  Mhnography  and  JPhi- 
lology  of  the  Hidatsa  Indians;  by  Washington  Matthews, 
Assistant  Surgeon,  U.  S.  A.  240  pp.  8vo.  Washington,  1877. — 
This  volume,  by  one  who  has  spent  much  time  with  the  tribe 
treated  of,  contains  a  full  account  of  the  condition,  habits,  arts, 
history,  etc.,  of  the  people,  and  also  a  discussion  of  the  relations 
of  its  language,  together  with  a  grammar  and  vocabulary. 

(6.)  Misc^aneous  Publications,  No.  8.  lur-bearing  Animals, 
A  Monograph  of  North  American  Mustelidcs;  by  Elliott  Coues. 
848  pp.  8vo,  with  20  plates.  Washington,  1877. — A  work  that 
is  thoroughly  scientific,  while  also  in  part  popular  in  its  character. 

2.  J^ifth  Annual  Report  of  the  GeologiccU  and  Natural  History 
Survey  of  Minnesota,  for  the  year  1876,  N.  H.  Winchell,  State 
Geologist.  248  pp.  8vo.  Saint  Paul,  1877. — This  volume  con- 
tains reports  on  the  Geology  of  Houston  and  Hennepin  Counties, 
with  colored  maps  of  each,  notes  on  the  Trenton  forests  of  Minne- 
sota ;  a  chemical  report  by  Pro£  S.  F.  Peckham  ;  a  list  of  the 
Fungi  of  the  State,  by  Dr.  A.  E.  Johnson;  an  entomological 
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report,   treating   of   the   locusts   and   other  insects,  by  Allex 
WnrrMAN. 

The  report  on  Hennepin  County  contains  many  valuable  facts 
about  the  drift  of  the  county,  and  also  on  the  changes  from  ero- 
sion of  the  Falls  of  St.  Anthony.  Accordinff  to  the  observations 
at  the  Falls  from  1680  (by  Hennepin)  to  the  present  time,  the 
amount  of  recession  is  made  out  to  be  906  feet,  or,  on  an  average, 
5*15  feet  per  year.  At  this  rate,^t  would  have  taken  8,202  years 
for  its  recession  from  Fort  Snelling. 

3.  The  Geological  Record  for  18T5  /  an  account  of  works  on 
Geology^  Mineralogy  and  PaXmontology^  published  during  the 
year.  Edited  by  Wm.  Whitakeb,  B.  A.,  F.G.S.,  of  the  Geological 
Survey  of  England.  444  pp.  8vo.  London,  1877. — This  second 
volume  of  the  Geological  Record  will  be  welcomed  by  all  who  are 
interested  in  the  progress  of  geological  or  mineralogical  science. 
The  notices  are  brief;  but  yet  they  are  so  well  prepared  as  to  give 
a  correct  idea  of  the  contents  of  publications.  It  thus  enables 
the  student  to  survey  the  year's  progress  at  a  glance,  and  to 
gather  up  references  to  the  papers  or  works  which  he  may  need 
to  consult  in  detail 

4.  Preliminary  Notice  of  the  Discovery  of  a  new  Mineral 
Species;  by  Gideon  E.  Moore,  Ph.D.  (Communicated.) — The 
species  here  briefly  described  occurs  associated  with  chalcophauite 
in  ochreous  limonite,  at  the  Passaic  Zinc  Mine,  Sterling  Hill,  New 
Jersey,  and  presents  the  following  characters : 

In  botrioidal  coatings  of  columnar  radiate  structure,  usually 
coated  with  a  thin  layer  of  chalcophanite. 

H.=5  (Mohs's  scale);  G.=4*933.  Luster  metallic  to  submetallic. 
Color  black.     Streak  brownish  blact     Opaque.     Brittle. 

Before  the  blowpipe :  in  the  forceps  unchanged;  in  the  closed 
tube  yields  a  little  water.  With  fluxes  reactions  for  manganese 
and  zmc. 

The  analyses  lead  to  the  formula  2ii,  An,  fin  or  7m  Sin.  Whence 
the  species  is  a  zinc  haussmanite. 

From  its  invariable  association  with  and  close  genetic  relation 
to  chalcophanite,  I  propose  for  the  species  the  name  Setasrolite^ 
from  eraipo^y  a  companion. 

Jersey  City,  Sept.  26,  1877. 

6.  On  some  Tellurium  and  Vanadium  Minerals;  by  F.  A. 
Genth. — Dr.  Genth's  paper  contains  descriptions  of  three  new 
species,  whose  characters  are  here  given. 

Coloradoite,  Not  crystallized,  without  cleavage ;  massive,  some- 
what granular;  sometimes  having  an  imperfectly  columnar  struc- 
ture. (Smuggler  Mine).  Hardness  about  3 ;  specific  gravity  =: 
8*627  (calculated  for  the  pure  mineral).  Color  iron-black,  inclin- 
ing to  gray  with  a  very  faint  purplish  hue;  luster  metallic; 
surface  frequently  tarnished.  Fracture  uneven  to  subconchoidal. 
Compoffltion :  HgTe  =  Tellurium  39*02,  mercury  60*98  zi:  100  ;  all 
the  specimens  analyzed  were  more  or  less  impure,  as  it  was 
impossible  to  separate  entirely  the  associated  minerals.  Found 
in  Colorado  at  the  Keystone  and  Mountain  Lion  Mines,  with 
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Batiye  tellurium  and  quartz ;  also  at  the  Smuggler  Mine,  where 
it  is  often  mixed  with  native  gold,  tellurium  and  tellurite. 

Magnolite,  Occure  in  exceedingly  fine  needles,  grouped  in 
bundles  or  tufts,  sometimes  radiating.  Color  white ;  luster  silky. 
Composition :  Hg,TeO^.  Found  at  the  Keystone  Mine,  Ma^rolk 
District,  Colorado ;  it  occurs  in  the  upper  decomposed  |)ortion  of 
the  mine,  with  quartz,  limonite  and  psilomelane,  ha^dng  been 
produced  by  the  oxidation  of  coioradoite. 

FerroteUurite,  A  crystalline  coating  on  quartz,  associated  with 
native  tellurium ;  under  the  microscope  it  appears  in  vei-y  delicate 
tufts,  sometimes  radiating,  or  in  cavities  in  minute  prismatic 
crystals  of  a  color  between  straw  and  lemon-vellow  inclining  to 
greenish-yellow.  Composition  probably  FeTeO^ ;  the  small  quan- 
tity in  hand  did  not  allow  of  a  reliable  analysis.  Found  at  the 
Keystone  Mine,  Colorado. 

iJr.  Genth  also  mentions  the  occurrence  of  Tellurite  (telluriam 
dioxide,  TeO,)  at  the  Keystone,  Smuggler,  and  especially  at  the 
John  Jay  Mine,  Colorado.  It  is  found  m  minute  white,  yellowish- 
white  and  yellow  crystals,  mostly  prismatic,  isolated  or  aggregated 
into  bundles.  Cleavage  eminent  in  one  direction,  luster  on  this 
face  adamantine,  elsewhere  vitreous  inclining  to  resinous.  The 
same  compound  was  observed  by  Petz  with  native  tellurium  at 
Transylvania.  Native  tellurium  has  been  found,  according  to 
Dr.  Genth,  at  the  Keystone,  Mountain  Lion  and  Dun  Raven  Mines 
in  Magnolia  District,  Boulder  Co.,  Colorado,  also  at  the  Smuggler 
Mine  m  Ballerat  District,  Boulder  Co. ;  hessite,  (containing  only 
•1  per  cent  gold)  has  been  found  at  the  Kearsarge  Mine,  Dry 
Canon,  Utah;  calaverite  occurs  at  the  Keystone  and  Mountain 
Lion  Mines,  Colorado. 

Koscoelite  is  shown  to  contain  not  V,0,  (as  assumed  by  Pro£ 
Roscoe),  but  probably  V^O, ;  a  related  ^'  green  mineral"  has  been 
found  in  an  impure  state  in  the  gangue  rock  of  the  mines  in  Mag- 
nolia District,  Colorado;  it  contains,  however,  more  aluminum  and 
less  vanadium.  An  analysis  of  the  Siberian  volborthite  is  given, 
and  its  relation  shown  to  the  species  psittacinite.  £.  s.  d. 

6.  Mineralogische  Mittheilungen  von  G.  voii  Rath. — The  recent 
mineralogical  memoirs  of  the  eminent  crystallographer,  Prot  vom 
Rath  of  Bonn,  contain  descriptions  of  crystals  of  gold,  of  a  remarka- 
ble twin  of  smaltite,  of  rutile  in  the  form  of  hematite  from  Switzer- 
land, and  on  compound  rutile  crystals  from  Arkansas ;  the  expla- 
nation of  the  obscure  crystallization  of  the  plates,  and  thread- 
like forms  of  gold,  is  an  especially  valuable  contribution,  and  is 
elucidated  by  a  considerable  number  of  figures.  e.  s.  d. 

1.  Elemente  der  Mineralogie  von  Carl  Frtedbich  Naumann. 
Zehnte  gdndich  neuhearbeitete  Avilage  von  Dr.  Ferdinand  Zirkel. 
714  pp.  8vo.  Leipzig,  1877,  (Wilhelm  Engelmann). — ^The  Miner- 
alogy of  Naumann  has  long  been  the  standard  work  in  Germany. 
The  first  edition  was  published  in  1846;  the  ninth  edition  beiLrs 
the  date  October  18,  1873,  only  a  few  weeks  before  the  close  of 
the  author's  long  and  active  career.    Fortunately  this,  his  most 
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importaut  work,  did  not  end  with  his  death,  bnt  its  continuation 
has  been  andertaken  by  one  well  fitted  to  perfonn  the  task.  The 
present  edition,  while  including  much  new  matter,  retains  the  form 
and  arrangement  of  those  which  have  preceded  except  in  one 
most  important  particular :  the  awkward  and  antiquated  system  of 
classification  of  mineral  species  employed  by  Naumann  has  been 
replaced  by  the  now  generally  accepted  method  based  upon  their 
chemical  composition.  This  will  be  seen  to*  be  a  most  important 
change  for  the  better,  increasing  much  the  value  of  the  work. 

E.  s.  D. 

III.  Botany  and  Zoology. 

1.  Occurrence  of  another  gigantic  Vephalopod  on  the  coast  of 
Newfoundland ;  by  A.  E.  V  krrill. — A  nearly  perfect  specimen 
of  a  large  squid,  was  found  cast  ashore  after  a  severe  gale,  at 
Catalina,  Trinity  Bay,  Newfoundland,  Sept.  24.  It  was  living 
when  found.  It  was  exhibited  for  two  or  three  days  at  St.  Johns, 
and  subsequently  was  carried  in  brine  to  New  York,  where  it  was 

furchased  by  Keiche  Sf  Bro.  for  the  New  York  Aquarium,  where 
have  had  an  opportunity  to  examine  it.*  Although  somewhat 
mutilated,  and  not  in  a  vtry  good  state  of  preservation  when 
received,  it  is  of  great  interest,  being,  without  doubt,  the  largest 
and  best  specimen  ever  preserved.  It  proves  to  be  Architeuthis 
princeps^  formerly  described  by  me,  from  the  jaws  alone,  in  this 
Joumalf  The  jaws  agree  well  in  form  and  color  with  the  large 
pair  there  figured,  and  are  fully  equal  to  them  in  size,  being 
apparently  larger  in  proportion  to  the  body  than  in  A,  ntonachus^ 
so  that  my  estmiate  of  the  probable  size  of  the  body  of  the  former 
specimen  was  much  too  great.  The  Catalina  specimen,  when 
fresh,!  was  9*5  feet  from  tip  of  tail  to  base  of  arras ;  circumference 
of  body  7  fe^t,  length  of  tentacular  arms  30  feet ;  length  of  long- 
est sessile  arms. (ventral  ones)  11  feet;  circumference  at  base  17 
inches.  Length  of  upper  mandible  5*26  inches ;  diameter  of  large 
suckers  1  inch ;  diameter  of  eye-sockets  8  inches.  The  eyes  were 
destroyed  by  the  captors.  It  agrees  in  general  appearance  with 
A,  monachuSy  but  the  caudal  fin  is  broader  and   less  acutely 

Eointed ;  it  was  two  feet  an^  nine  inches  broad  when  fresh,  and 
roadly  sagittate  in  form.  The  rims  of  the  large  suckers  are 
white,  with  very  acutely  serrate  margins,  and  the  small  smooth- 
rimmed  suckers,  with  their  accompanying  tubercles,  are  distantly 
scattered  along  most  of  the  inner  face  of  the  tentacular  arms,  the 
last  ones  noticed  being  nineteen  feet  from  the  tips.  The  sessile 
arms  present  considerable  disparity  in  length  and  size,  the  dorsal 
ones  being  somewhat  shorter  and  smaller  than  the  others ;  the 
serrations  are  smaller  on  the  inner  edge  than  on  the  outer  of  the 

*  When  examined  by  me  it  was  loose  in  a  tank  of  alcohol  I  learn  that  it  has 
since  been  *'  prepared  "  for  exhibition  by  a  taxidermist,  who  has  inserted  two 
large,  round,  red  eyes  close  together  on  the  top  of  the  head  I 

+  Vol.  ix,  p.  181.     Plate  V.  figs.  14,  15,  March,  1875. 

\  Measurements  of  the  freshly  caught  specimen  were  made  by  Bev.  M.  Harvey, 
at  St.  Johns,  and  communicated  to  me. 
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suckers.     A  more  detailed  description  is  deferred  to  a  succeeding 
number,  together  with  a  description  of  another  specimen. 

2.  The  Antelope  and  Deer  of  America  ;  by  John  Dbak  Eaton. 
8vo,  426pp.i  numerous  cuts.  New  York,  (Hnrd  A  Houghton.) 
1877. — ^Tnis  is  an  excellent  treatise  on  the  prong-horn  antelope 
and  the  various  species  of  deer,  moose  and  elk,  of  which  eight 
species  are  recognize^.  The  descriptions  of  the  species  are  de- 
tailed, and  a  large  part  of  the  book  is  devoted  to  their  habits, 
domestication,  hybridity,  aliment,  diseases,  the  chase,  comparisoRS 
with  congeners,  and  other  kindred  subjects.  The  illustrations  are 
well  executed  and  characteristic.  v. 

3.  Life  Histories  of  the  Birds  of  Eastern  Pennsylvania ;  by 
Thomas  G.  Gentry.  Vol.  ii,  8vo,  399  pp.  Philadelphia.  I\ib- 
lished  by  the  author,  1877. — The  second  volume  of  this  work, 
which  has  just  reached  us,  is,  like  the  first,  replete  with  details  in 
respect  to  the  habits  of  birds,  and  more  especially  as  to  their 
migrations,  the  time  occupied  in  building  nests  and  incubating,  and 
the  nature  of  food  at  different  seasons  of  th^  year.  In  this  consists 
its  chief  scientific  value.  The  author  has  evidently  spent  a  great 
amount  of  time  and  labor  in  making  .and  recording  observations 
of  this  kind.  The  volumes  include  all  the  families  above  the 
waders,  and  the  author  proposes  to  complete  the  work  in  another 
volume.  V. 

4.  Zoologisehe  Wandtafdn ;  by  Dr.  R.  Lruckart  and  Dr.  H. 
NiTSCHK.  Cassel:  Theodor  Fischer. — We  have  received  three 
examples  (Protozoa,  Ccelenterata,  Arthropoda)  of  these  litho- 
graphic zoological  diagrams.  They  are  admirably  executed. 
The  figures  are  large  and  clearly  drawn,  and  printed  in  strong 
colors,  so  that  they  are  excellently  adapted  for  class  rooms  of 
large  size.  They  will  thus  supply  a  want  that  has  long  been  felt 
by  teachers  of  zoology.  The  figures  have  been  well  selected  from 
the  best  works,  including  very  recent  memoirs.  £ach  diagram  is 
printed  in  sections,  on  four  sheets,  and  can  easily  be  mounted  on 
cloth  backs.  We  heartily  commend  this  series  to  aU  teachers 
who  are  in  want  of  illustrative  zoological  diagrams.  v. 

6.  Bulletin  of  the  U,  S.  National  Museum.  Department  of 
the  Interior. — Numbers  7,  8  and  9  of*  this  Bulletin  have  recently 
been  issued.  No.  7  contains  contributions  to  the  Natural  Hintory 
of  the  Hawaiian  and  Fanning  Islands  and  Lower  California,  by 
T.  H.  Streets,  M.D.,  169  pp.  8vo,  1877 ;  No.  8,  Index  to  the 
Names  which  have  been  applied  to  the  subdivisions  of  the  Class 
Brachiopoda,  by  W.  H.  Dall,  88  pp.  8vo,  1877;  No.  9,  contri- 
butions to  North  American  Ichthyology;  No.  1,  by  David  S. 
Jordan,  64  pp.  8vo,  1877. 

6.  Notes  on  some  Common  Diseases  [of  plants']  caused  by  Fungi; 
by  W.  G.  Farlow.  Bulletin  of  the  Bussey  Institution,  vol.  ii,  part 
2,  1877. — Leaving  to  another  department  of  the  Journal  to  notice 
the  interesting  papers  on  the  composition  of  pumpkins  and  squashes, 
the  analyses  of  certain  seeds  occasionally  used  for  human  food,  and 
two  or  tnree  other  papers  by  Prof  Storer  which  this  new  numb^* 
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of  the  Bussey  Bulletin  contains,  we  call  attention  here  only  to 
Prof.  Farlow  8  short  article,  which  refers  to  some  of  the  various 
questions  and  problems  he  has  had  to  deal  with  during  the  past 
year.  They  mainly  relate  to  the  Black  Knot  of  Plum  trees,  which 
was  the  subject  of  a  former  paper ;  to  the  American  Grape-vine 
mildew  {Peronospora  viticola)^  and  a  disease  caused  by*  Unci?iula 
spiralis  the  conidial  form  of  which  is  practically  un distinguishable 
from  the  notorious  Oidium  Tuckeri  ;  to  the  Pumago  of  Orange 
and  Lemon  trees,  in  which  it  appears  that  the  mischief  produced 
is  owing  to  a  wooly  plant-louse,  upon  the  excretions  of  which,  or 
the  exudations  of  the  leaf  caused  by  the  punctures,  the  fungus  is 
thought  to  live ;  and,  finally,  'there  are  some  notes  supplemental^ 
to  Prof.  Farlow's  memoir  on  the  Onion-smut.  It  seems  that  this 
Urocystls  Cepulce  of  Frost  is  not  peculiar  to  the  United  States, 
but  is  to  all  appearance  the  same  as  U.  magica^  found  on  an  Italian 
Allium  in  Italy.  "  A  careful  examination  of  the  wild  species  of 
Onion  growing  in  our  own  country  should  be  made  by  fungologists, 
for  it  seems  highly  probable  that  the  fungus  which  does  so  much 
injury  to  cultivated  onions  will  also  be  found  on  the  wild  species." 
It  is  well  that  we  have  in  this  country  an  institution  which  furthers 
investigations  of  this  sort,  and  intends  to  educate  a  generation  of 
teachers  capable  of  undertaking  them.  a.  g. 

7.  Flora  Brasiliensis, — The  70th  fascicle,  a  large  one,  with  70 
plates,  is  tilled  with  Bentham's  elaboration  of  the  MimosecB,  and 
concludes  the  sixteenth  volume.  The  71st  contains  the  small 
orders,  Ochnacece,  Anacardiacece,  SabiacecBy  and  RhizophoracecBy 
by  Dr.  Engler.  As  to  OchnacecB^  the  author  confirms  Planchon's 
idea,  announced  in  1862  but  not  anywhere  acted  upon,  that  this 
order  embraces  Sauvagesia;  and  he  insists  that  it  is  allied  to 
BilleniacecB  and  not  to  Rutaceoe,  For  the  large  genus  of  the 
order,  Engler,  following  Baillon,  replaces  Schreber's  long  received 
name  of  &omphia  by  OutaXea  of  Aublet,  and  he  appears  to  have 
seen  and  identified  Aublet's  original  specimens.  In  Ana^ardiacecs 
the  genus  Lithrea  of  Miers  is  reinstated.  Brazil  has  but  one  species 
of  the  order  Sabiaceoe,  and  only  one  Mangrove.  Fascicle  72,  which 
is  rather  large,  continues  the  Grasses  and  includes  the  tribe  PaniceoB, 
The  editor,  Dr.  DobU,  describes  156  Brazilian  species  of  Panicum 
•(keeping  Hdopus  distinct)  and  1 06  of  Paspalum,  a.  g. 

8.  Botany  of  British  Columbia  and  NortJwm  Rocky  Moun- 
tains,— In  the  Report  of  Progress  of  the  Geological  Survey  of 
Canada,  for  1876-76,  issued  in  1877,  we  find  an  interesting  narra- 
tive, by  Professor  John  Macoun,  of  a  botanical  exploration  from 
Victoria  to  the  Peace  and  Athabasca  Rivers  east  of  the  Rocky 
Mountains,  and  thence  to  Canada,  to  which  is  appended  a  full 
Catalogue  of  the  Plants  collected,  or  known  to  Mr.  Macoun  to 
occur  on  this  range,  with  a  careful  indication  of  their  geographical 
distribution  across  the  continent.  A  very  useful  and  important 
paper.  a.  g. 

9.  Sketch  of  the  Vegetation  of  the  Nicohar  Islands  ;  Enumeror 
tion  of  Burmese  Palms;  Contributions  toward  a  knowledge  of  the 
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Burmese  Flora^  etc. ;  by  S.  Kubz. — These  are  the  titl^  of  some 
of  the  principal  papers  recently  contributed  by  Dr.  Knrz  to  the 
Journal  of  the  Asiatic  Society  of  Bengal,  which  we  have  received, 
and  which  seem  not  to  be  as  well  known  as  they  deserve  to  be. 
Besides  critical  systematic  work,  there  are  interesting  observa- 
tions upon  the  kinds  and  characteristics  of  tropical  forests,  etc 
The  subjoined  note  may  be  a  caution  to  those  who  collect  native 
names.  "  Petal  occurs  as  a  name  for  several  different  plants  in 
Jelinck's  jouraal.  I  fear  it  is  meant  for  ^betiil^  {^Justso,^  ^^  right 
80^)^  a  very  usual  reply  of  a  Malay  to  a  question  regarding  the 
pronunciation  of  a  word."  a.  g. 

10.  Arboretum  Segrezianum  .  . .  '.  par  Atj»h.  .Layall&s. — ^TTiis 
handsome  octavo  volume,  as  its  full  title  declares,  is  an  enumera- 
tion of  the  trees  and  shrubs  cultivated  at  Segrez  (Seine  and  Oise), 
including  their  synonymy  and  their  origin,  with  references  to  the 
works  in  which  they  are  figured.  It  is  published  by  Bailli^re,  is 
edited  with  much  care  (yet  not  to  the  avoidance  of  sundry  mis- 
takes and  misprints  in  other  than  French  names,  etc.),  and  is  beau- 
tifully printed.  It  represents  a  great  amount  of  conscientious  work 
while  the  author  was  forming  the  Arboretum  which  now  adorns 
his  paternal  estate,  and  which  bids  fair  to  be  one  of  the  very  best 
in  1  ranee,  although  as  yet  only  twenty  years  old.  The  catalogue 
is  prefaced  by  some  notice  of  its  formation,  and  of  the  origin  and 
condition  of  several  of  the  older  French  collections.  Among  the 
difficulties  encountered,  that  of  nomenclature  was  foremost  and 
greatest,  the  same  tree  coming  to  him  under  various  different 
names,  and  different  trees  under  the  same  name,  sometimes 
through  traditional  errors  or  oversights  of  the  nurserymen,  some- 
times through  less  innocent  practices  of  "  quelques  horticuUeurs^ 
which  our  author  is  constrained  to  denounce.  In  consequence  he 
was  obliged  to  study  up  the  nomenclature  and  arrange  the  sy- 
nonymy for  himself  throughout,  with  the  best  aid  to  be  had  from 
the  Jardin  des  Plantee  and  elsewhere.  Hence  tBe  raison  cTUre  of 
this  volume,  and  its  value  to  all  who  have  similar  collections  to 
make,  or  to  care  for.  a.  g. 

11.  8y sterna  Iridacearum  ;  by  J.  G.  Baker. — This  begins  in 
the  90th  number  of  the  Journal  of  the  Linnean  Society,  and  is 
continued  in  the  following.  When  concluded,  we  may  give  an' 
abstract  of  the  portions  which  relate  to  North  American  botany. 
Mr.  Baker's  work  upon  the  monocotyledonous  orders  has  been 
useful  and  timely,  and  the  Iridaceoi  particularly  need  revision, 
havinff  been  almost  untouched  by  all  later  systematists,  except  by 
Dr.  ^att,  whose  synopsis  in  the  Linnea  is  far  from  complete, 
being  founded  mainly  upon  the  materials  in  the  Berlin  herbarium, 
and  whose  views  are  not  always  to  be  adopted.  a.  g. 

12.  Native  ^^ Artichokesy — Upon  reading  the  article  upon  Heli- 
anthiis  tuberoans^  contributed  to  this  Journal  (in  May  last)  by 
Messrs.  Trumbull  and  Gray,  the  well-known  Canadian  botanist  and 
explorer,  Mr.  John  Macom,  wrote  as  follows : 

"  It  is  a  fact  that  a  species  of  Heliantkua  which  I  took  to  be  H. 
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tuheroaua^  grows  in  abundance  in  the  valley  of  the  Kaminietiknia, 
on  the  right  bank  of  the  river,  above  Point  Memon.  This  river 
discharges  into  Thunder  Bay,  Lake  Superior,  and  is  quite  easy  of 
access  from  the  United  States.  I  saw  the  plant  growing  in  abund- 
ance on  the  alluvial  flats  on  the  12th  July,  1869,  and  found  the 
tubers  of  a  large  size  at  that  time.  Whether  my  plant  is  the  true 
tuberosus  or  not,  it  is  certainly  the  parent  of  the  Indian  tuber. 
Where  I  got  it  was  on  the  old  (high)  road  to  the  northwest.  It 
would  be  worth  while  to  have  one  of  the  American  tourists  get  a 
few  plants  late  in  August.  I  have  no  doubt  but  I  have  hit  upon 
the  exact  locality  from  which  the  French  took  the  tubers,  and  it 
only  remains  to  identify  my  plant  with  H.  doronicoides.^^ 

It  is  well  to  know  of  this  station ;  but  the  Hurons  of  Sagard's 
narrative  doubtless  dwelt  much  farther  east. 

Dr.  C  C.  Parry  has  directed  our  attention  to  his  list  of  plants 
of  Wisconsin  and  Minnesota,  published  in  Owen's  Geographical 
Survey  of  Wisconsin,  Iowa  and  Minnesota,  in  which,  on  page  614, 
is  the  entry :  "  Helianthus  tuberosus  L.,  Common  Artichoke,  river 
banks,  St.  Peter  and  St.  Croix,  certainly  native,  and  a  well-known 
article  of  diet  amon^  the  Indians,  called  by  the  Chinpewas  Ush- 
ke-baug."  An  original  specimen  was  kindly  supplied  by  Dr. 
Parry,  of  which  at  this  moment  we  can  only  say  that  it  does  not 
belong  to  Hdiajithvs  tuberosus.  Thus  there  appears  to  be  a 
second  edible  tuberiferous  Selianthus^  of  which  a  further  knowl- 
edge is  a  desideratum.     * 

In  regard  to  the  other  sort  of  root  mentioned  by  Sagard  as 
resembling  parsnips,  '*  which  they  call  SondhratateSy  and  which  are 
much  better,"  Dr.  Maccnn  is  confident  that  not  tSium  lineare  but    K\.\^  j 
Aralia  racemosa  is  meant :  for  the  older  inhabitants  of  that  part  ^ 

of  Canada  aflirm  that  the  root  of  this  Aralia  was  a  favorite  iood 
of  the  Indians,  and  thafthey  taught  its  use  to  the  first  settlers. 
In  flavor  this  root  (commonly  called  "  spikenard  "  and  "  spignet") 
might  well  be  said  to  resemble  parsnips.  a.  o. 

13.  Necrological, — There  have  died  during  the  past  summer  two 
European  botanists  of  note,  namely,  Henry  A.  Weddell  and 
Philip  Parlatore  ;  notices  of  whom  will  be  given  in  the  obituary 
record  of  the  year.  a.  g. 

IV.  Astronomy. 

1.  Discovery  of  a  Nevo  Planet;  by  C.  H.  F.  Peters.  (From  a 
letter  to  the  editors,  dated  Litchfield  Observatory  of  Hamilton 
College,  Clinton,  N.  Y.,  Oct  15,  1877.) — I  take  pleasure  in  for- 
warding an  observation  of  a  new  planet  found  last  night,  showing 
the  brightness  of  a  star  of  1 0*5  magnitude : 

Oct  14.     12h39m6l8H.am.t    c(l75)=lh  6m  4.738.    <J(l76)=  +  8**6'37-4', 

from  18  comparisons  with  Schj.  397.  The  daily  motion  of  the 
planet  is  about  36*  in  right  ascension,  and  between  13'  and  14'  in 
declination  toward  the  south.  You  are  perhaps  already  aware, 
that  the  planet,  of  which  the  last  number  of  the  Journal  contains 
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a  valuable  series  of  observations  with  the  namber  (174),  is  identi- 
cal with  the  planet  (141)  Lumen;  so  that  what  is  called  there 
(175),  receives  the  former,  and  the  present  planet  the  latter 
number. 

2.  Comets  in  1877. — The  number  of  comets  for  the  present 
year  already  amounts  to  six.  1.  Discovered  by  Borrelly,  Feb. 
8th.  2.  Discovered  by  Winnecke,  April  5th.  3.  Discovered  by 
Swift,  April  11th.  4.  Discovered  by  Coggia,  Sept.  13th.  5.  Dis- 
covered oy  Tempel,  Oct.  2.  To  these  is  to  be  added  d' Arrest's 
comet  of  short  period. 

3.  Observatiofis  and  Orbit  of  TempeTs  Comet — Comet  ft,  1877, 
discovered  by  Tempel  October  2d,  Was  first  seen  at  the  Observa- 
tory of  the  Sheffield  Scientific  School  October  5th.  From  meas- 
urements made  on  the  6th,  7th  and  9th,  the  following  provisional 
orbit  has  been  computed.  The  comet  is  receding  from  both  the 
earth  and  sun,  and  will  soon  disappear.  From  places  computed 
for  August  1st  and  September  Ist  it  appears  that  the  comet  must 
have  been  in  reach  of  the  telescope  for  a  time  after  evening  twilight 
as  early  as  July,  and  has  been  ever  since  that  time  both  favorably 
situated  for  observation  and  at  least  as  bright  as  when  discovered. 
It  cannot  have  approached  us  at  any  time  nearer  than  about 
•8  of  the  earth's  radius  vector.  These  elements  show  no  marked 
resemblance  to  those  of  any  previously  calculated  orbit.  The 
observations  were  made  and  orbit  computed  by  Mr.  W.  Beebe 
and  Mr.  H.  A.  Hazen. 


New  Haven  m.t. 

Comet'8o(m.eq.  1877-0). 
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7,     9  48-3 

9,     9  26-2 

11,     7  45.4 
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»=116   54-0                                           11,- 
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V.  Miscellaneous  Scientific  Intelligence. 

1.  Proceedings  of  the  Davenport  Academy  of  Natural  Sciences, 
Vol.  ii,  Part  1.  Jan.,  1878  to  June,  1877.  148  pp.  8vo.— The 
Davenport  Academy  publications  are  especially  rich  in  papers  on 
American  Arch»ology.  The  number  of  the  Proceedings  before 
us  contains  several  papers  of  this  character  by  the  tollowing 
authors :  W.  H.  Pratt,  Rev.  J.  Gass,  R.  J.  Farquharson,  M.D., 
Rev.  S.  D.  Peet,  C.  T.  Lindley  and  Julia  J.  Wirt. 

Mr.  Gass  announce^  the  discovery  of  three  engraved  tablets  in 
an  Indian  mound,  which  he  calls  "  Mound  No.  3  of  the  Cook's 
Farm  Group ;"  and  these  are  particularly  described  by  Mr.  Far- 
quharson  in  a  paper  illustrated  by  excellent  photographs  of  the 
tablets.  One  represents  a  calendar,  another  a  sacrificial  or  crema^ 
tion  scene,  and  tne  third  a  hunting  scene.    In  the  last,  thirty  indi- 
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viduals  are  represented  :  of  man,  8 ;  bison,  4 ;  deer,  4 ;  birds,  3  ; 
hares,  3 ;  big-horn  or  Rodky  Mountain  goat,  1 ;  fishes,  1 ;  prairie 
wolf,  1 ;  non-descript  animals,  3.  One  of  the  last  three  it  is  sug- 
gested may  be  the  Mastodon,  and  hence,  and  in  view  of  other 
Published  announcements,  the  cotemporaneity  of  Man  and  the 
[astodon  is  deemed  probable.  The  number  contains  also  a  few 
zoological  papers  by  J.  D.  Putnam. 

2.  u,  8,  ueographical  and  Geological  Survey  of  the  Rocky 
Mountain  Region.  J.  W.  Powell,  Geologist  in  charge.  Depart- 
ment of  the  Interior. — This  survey,  under  the  Interior  Department, 

•has  recently  issued  volume  I  of  Contributions  to  North  Americctn 
JSthnologyy  a  quarto  volume  of  362  pages,  with  many  illustrations. 
Part  I  contains  a  Report  on  the  tribes  of  the  extreme  Northwest ; 
by  W.  H.  Dall;  Part  II,  on  the  tribes  of  Western  Washington 
and  Northwestern  Oregon,  with  a  map,  by  Geobgb  Gibbs,  in- 
cluding, in  an  appendix  of  122  pages,  comparative  vocabularies, 
and  a  Niskwalli-English  and  English-Niskwalli  Dictionary. 

3.  burial  Ctcstoms  of  North  American  Indians ;  Mr.  H.  C. 
Yarrow,  of  Washington,  D.  C,  has  issued  a  circular  requesting* 
information  in  aid  of  a  memoir  he  is  preparing,  upon  the  "  Burial 
Customs  of  the  Indians  of  North  America,  both  ancient  and  mod- 
ern, and  the  disposal  of  their  dead,"  and  to  this  end  invites  atten- 
tion to  the  following  points  in  regard  to  which  information  is 
desired:  Name  of  the  tribe;  locality;  manner  of  burial,  ancient 
and  modem ;  funeral  ceremonies ;  mourning  observances,  if  any. 
The  material  obtained  will  be  published  under  the  auspices  of 
Major  J.  W.  Powell,  in  charge  of  the  U.  S.  Geographical  and 
Geological  Survey  of  the  Rocky  Mountain  Region.  Communica- 
tions may  be  addressed  to  Mr.  Yarrow,  1741  F  St.,  Washington, 
or  at  the  Army  Medical  Museum,  Washington,  D,  C.  The  cir- 
cular contains  more  detailed  statements. 

4.  On  the  Science  of  Weighing  and  Measuring  and  Stand- 
ards of  Measure  and  Weight;  by  H.  W.  Chisholm,  Warden  of 
the  Standards.  192  pp.  8vo.  London:  1877,  (Macmillan  &  Co. 
Nature  Series). — ^This  little  volume  contains  a  very  interesting 
account  of  the  ancient  standards  of  weight  and  measure,  more 
particularly  those  of  England ;  it  also  describes  the  methods  em- 
ployed in  the  restoration  of  the  imperial  pound  and  yard  after 
their  destruction  by  the  burning  of  the  Houses  of  Parliament  in 
1834.  Another  chapter  is  devoted  to  the  Metric  System,  and  one 
also  to  instriiments  for  weighing  and  measuring.  The  numerous 
illustrations  of  the  ancient  standards  add  much  to  the  interest  of 
the  description. 

5.  How  to  draw '  a  Straight  Line,/  A  Lecture  on  Linkages  / 
by  A.  B.  Eempe,  B.A.  51  pp.  8vo.  London,  187'?,  (Macmillan 
&  Co.  Nature  Series). — A  description  of  the  ingenious  systems 
of  linkages  with  which  it  is  possible  to  draw  a  straight  line,  to  tri- 
sect an  angle,  and  to  solve  other  geometrical  problems. 

6.  The  Elements  of  Descriptive  Geometry^  Shadows  and  Per- 
epectivCf  with  a  brief  statement  of  tri/iedralSy  transversals^  and 
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spherical  axonometrlc  and  oblique  projections.  For  colleges  and 
Scientific  Schools;  by  S.  Edward  Warren,  CE.  282  pp.  Sra 
New  York,  1877,  (John  Wiley  &  Sons). — A  valuable  work  for 
students  in  descriptive  geometry.  It  is  intended  as  a  concise 
text-book,  and  is  rendered  more  useful .  in  this  work  by  the  addi- 
tion of  numerous  examples  in  connection  with  the  successive 
problems. 

7.  Smithsonian  Report  for  1876. — Many  are  the  ways  in  which 
the  Smithsonian  Institution  is  promoting  the  progress  of  science 
in  the  land.  One  among  these,  of  very  wide  influence,  is  the  pub- 
libation,  in  its  Annual  Report,  of  an  appendix  containing  nsemoirs* 
on  scientific  subjects.  Among  the  memoirs  in  the  Report  for  1876 
there  are  the  following : 

Eulogy  of  Guy  Lussac,  by  M.  Arago ;  a  biographical  sketch  of 
Dom  redro  II,  by  A.  Fialho;  a  paper  reviewing  the  kinetic 
theories  of  Gravitation,  by  W.  B.  Taylor;  on  the  Revolutions  of 
the  Crust  of  the  Earth,  by  Prof  G.  Pilar,  of  Brussels ;  on  the 
Asteroids  between  Mars  and  Jupiter,  by  D.  Kirkwood ;  and  vari- 
bus  Ethnological  papers,  relating  mostly  to  American  relics. 
One  of  the  papers,  that  on  the  Latimer  Collection  of  Antiquities 

Srom  Porto  Rico),  now  in  the  Smithsonian  Museum,  by  O.  T. 
ason,  is  illustrated  by  sixty  figures ;  and  another,  on  Mounds  in 
Wisconsin,  by  M.  Strong,  by  ^\q  figures  or  diagrams. 

KECEIVBD  TOO  LATE   FOR  FURTHER  NOTICE   HERE. 

Palfidontology  of  the  Geological  Survey  of  the  State  of  New  York:  IllustntioiiiB 
of  DevoDian  Fossils,  Gasteropoda,  Pteropoda,  Cephalopoda,  Crustaoea,  and  Corals 
of  the  Upper  Helderberg,  Hamilton  and  Chemimg  Groups;  by  Jahes  Haix. 
Published  in  advance  of  the  Palsdontologr  of  New  York,  by  authority  of  the 
Legislature  of  the  State  of  New  York,  nearly  160  plates,  4ta     Albany,  1877. 

Twenty-eighth  Annual  Report  of  the  New  York  State  Museum  of  Natural  HIs- 
UJry,  by  the  Regents  of  the  University  of- the  State  of  New  York  (ex-oiBcio  Trus- 
tees of  the  Museum).  Transmitted  to  the  Legislature  March  30, 1875 ;  containing 
a  paper  by  James  Hall,  consisting  of  34  plates  of  fossils  of  the  Niagara  groxrp  ol 
Central  Indiana  with  explanations,  and  important  papers  on  Trilobites,  eta,  by 
C.  D.  Waloott,  with  a  Botanical  Report,  by  C.  H.  Peck. 

OBITUARY. 

Urban  J.  J.  Leverrieu,  the  French  astronomer,  died  on  Sun- 
day, the  23d  of  September,  at  the  age  of  sixty-six,  havin^r  been 
born  on  the  11th  of  March,  1811. 

John  G.  Anthony,  the  conchologist.  Professor  in  Harvard  Col- 
lege, Cambridge,  Mass.,  died  on  the  9th  of  October,  aged  seventy- 
three  years.  He  was  born  in  Providence,  Rhode  Mand,  May  1 7, 
1804. 

Benjamin  Hallowell,  author  of  a  work  on  Geometrical  Anal- 
ysis, died  at  Nair  Hill,  Montgomery  County,  Maryland,  in  bis 
seventy-eighth  year. 
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Art.   XLVIIL~Oi  the  Proper  Motion  of  the  Trifid  Nebula: 
M.  20  =  H.  v;  10,  11,  12  =  h.  1991,  8718  =  G.  C.  4855. 

[R.  A.  =  n»»  53«n  51*-8,  N.  P.  D.  =  113''  1'  39'9;  18600]; 

by  Edward  S.  Holdkn. 

[Read  in  Abstract  to  the  American  Association  for  the  Advancement  of  Science.] 

In  a  paper  in  this  Journal  for  May,  1876,  on  the  supposed 
changes  rn  the  Nebula  M.  17,  I  said  (p.  860):  "A  remarfcable 
instance  of  proper  motion  of  this  latter  kind  is  that  of  the  Trifid 
Nebula  G.  C.  4855,  which  has  moved  since  1888  so  that  the 
remarkable  triple-star  which  was  then  quite  clear  from  the 
nebulosity  in  a  dark  space  formed  by  the  junction  of  the  three 
dark  channels,  is  now  oy  the  evidence  of  Lassell  (1868)  Winlock 
and  Trouvelot  (1874)  and  myself  (1876)  well  involved,  the 
motion  being  confirmed  by  Herschel's  drawing  at  the  Cape  of 
Good  Hope  (1887)  and  Mason's  pi  about  the  same  date." 

It  seems  proper  to  collect  the  evidence  now  existing  on  this 
point  in  order  to  show  the  desirability  of  the  study  of  this 
nebula,  and  because,  in  case  the  indications  which  we  tnere  find 
of  a  decided  proper  motion  should  be  confirmed,  such  results 
would  be  of  importance. 

Following  I  give  in  chronological  order  such  extracts  from 
published  and  unpublished  observations  of  this  nebula  as  bear 
on  the  points  now  under  consideration,  italicizing  such  portions 
as  deserve  particular  attention. 

OBSERVATIONS  OF  THE  NEBULA. 

This  nebula  was  discovered  by  Messier  June  6,  1764,  but  he 
gives  no  details  oonceming  it — Miit.  de  VAcad.  JR.  des  Seienoety 
1771,  p.  448. 

An.  JoiTB.  8oL— Thibd  Sbbibs,  Vol.  XTV,  No.  84.~Dko.,  1877. 
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,  Ob8erva4ioM  of  Sir  William  Hebsohel. 

1784.  July  12:  ''Three  nebulsB  faintl]^  joined  form  a  triangle. 
In  the  middle  is  a  double  star.  Very  faint  and  of  great  ext-ent." 
—PhU,  Trans.,  1786,  p.  494. 

1786.  May  26:  "A  double  star  with  extensive  nebuloeity  of 
different  intensity.  AboxU  the  double  star  is  a  black  opening^  re- 
sembling the  nebula  of  Orion  in  miniature." — PhiL  TVans.,  1 789, 
p.  247. 

1811 :  ''  Three  nebulaa  seem  to  join  faintly  together  fonn- 

ing  a  kind  of  tiiangle ;  the  middle  of  which  is  less  nebalona,  or 
perhaps  free  from  nebulosity ;  in  the  middle  of  the  triangle  is  a 
double  star,  etc.''— PhiL  Trans.,  1811,  p.  289. 

236  Sweep.  July  12,  1784:  "Between  3  nebulas  (10,  11,  12, 
V  class)  is  a  double  star." — Mem.  R.  A.  S.,  i,  p.  167. 

566  Sweep.  May  26,  1786 :  "  A  double  star  within  nebula  IV, 
W'—Mem.  R.  A.  A,  i,  p.  170. 

Observations  of  Sir  John  Herschel. 

1826 :  "In  the  nebula  R.  A.  17^  52™,  N.  P.  D.  113"*  l'  m 

Sagittarius  *  *  *  *  the  idea  of  an  absorption  by  the  double  sl^r 
in  its  middle  is  very  forcibly  suggested.  This  nebula  is  broken 
into  three  parts,  and  the  three  lines  of  division  meet  in  a  r^acamey^ 
in  the  midst  of  which  is  situated  the  double  star.  This  ctmarn 
object  has  perhaps  a  proper  motion'' — Mem.  i2,  A.  8.,  ii,  p.  490. 

S. 


Fig.  1.    Hbbsohel,  1833. 


1827  .  .  .  . :  ^^A  double  star  placed  exactly  in  the  centred  vacuity 
of  a  large  irregular  nebula,  which  appears  to  have  broken  up  into 
three  portions  by  three  rifts  or  cracks,  extending  from  its  center 
to  its  circumference,  and  wh^ose  directioru  meet  at  the  double  star." 
— Mem,  R.  A.  8.,  iii,  p.  63. 

1833 :  ''The  double  star  Sh.  379  in  the  center  of  the  trifid 

nebtUa  "  .  .  . .  [sweep  276]. 
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**  A  carefiil  drawiog  taken,  but  the  nebula  is  not  clear  from  twi- 
light and  clouds.  (N.  B.  This  drawing  is  unfortunately  lost,  and 
that  engraved  in  fig.  80  is  constructed  from  much  less  elaborate 
sketches,  aided  by  memory.)"  ....  [Sweep  32.] 

**  Very  large ;  trifid,  three  nebulsB  with  a  vcusuUy  in  the  midst, 
in  which  is  centrally  situated  the  double  star  Sh.  379." — Phil. 
Ihins.^  1833,  p.  460. 

K  we  had  nothing  but  the  preceding  evidence  with  regard  to 
this  nebula  we  should  be  justified  in  laying  down  the  following 
proposition  with  regard  to  the  situation  of  tne  triple  star  relative 
to  tne  three  nebulosities. 


Fig  2.    Mason  and  Smith,  1839. 

^  Pk'om  1784,  July  12,  to  1833,  this  triple  star  teas  centraUy 
situated  between  the  three  nebulosities.  The  evidence  is  based  upon 
two  observations  of  Sir  William  Herschel  and  four  observations 
of  Sir  John,  and  in  the  PhiL  Trans,  for  1811  Sir  William  again 
repeats  his  former  statements. 


Digitized  by  VjOOQ  IC 


43«     a:  S.  Holden— Proper  Motion  of  the  Trtfid  Nebula  M.  20- 

ObeervaUow  of  Mabov  and  Smith. 

1839.  AagOBt  1 :  ^^The  double  star  is  certainly  nU  as  figured  m 
Phil.  Tran8.y  1833,  but  rather  adhering  to  the  [eastern]  ^  the  three 
divisions.'*^ 

1839.  Augast  9  . . :  ^^The  triple  etar  is  certainly  not  central^  but 
involved  *  *  *."— TVa/^*.  Amer.  PhiL  JSo&yy  vol  vii,  pp.  175-176. 

S. 


Fig.  3.  Hebsohil,  1834-8. 
ObMTVcUiona  of  Sir  John  Hbbschbl  at  (he  Oape  of  Good  Hope. 
1835.  August . .  .  :  "I  have  been  rather  unfortunate  in  my  fig- 
ures of  this  nebula.  That  given  in  my  Northern  Catalogue  (oar 
figure  1)  is  not  to  be  taken  as  more  than  an  attempt,  and  that  a 
most  rude  and  imperfect  one,  to  show  the  situation  of  the  fine 
triple  star  in  its  center  with  respe(^  to  the  nearer  portions  of  the 
three  principal  surrounding  nebulous  masses, 

Herschel  then  speaks  of  the  drawing  of  Mason  (our  figure  2) 
as  follows : 
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"  On  comparing  our  figures  they  will  be  found  to  a^ree  in  every 
essential  particular,  allowing  for  the  difference  of  light  between 
reflectors  of  12  and  1 8  inches  aperture,  with  one  rather  remarkable 
exception,  viz :  in  the  form  of  the  southern  mass  of  the  trifid  neb- 
ula and  the  character  of  the  three  paths  or  avenues  which  lead  up 
to  the  triple  star.  Mason  represents  these  avenues  as  free  from 
any  abrupt  change  of  direction,  the  northern  and  preceding  of 
them  branching  out  with  and  ^easy  and  graceful  bifurcation  from 


Fig.  4. 


(Lasbell.) 


the  southern ;  whereas  my  figure,  whose  correctness  in  this  respect 
I  cannot  doubt,  gives  the  preceding  avenue  a  remarkably  sudden 
and  uncouth  flexure,  like  a  gnarled  branch  of  an  oak,  just  at  its 
divergence  from  the  other  two."* — Aatron.  Obser.  Cape  of  Good 
Hope^  p.  10. 


*  In  Mason's  Memoir,  Art  46,  ji.  199,  this  appearance  is  recorded  among  the 
things  "slightly  suspected."  His  figure  represents  only  "things  certain,"  and 
probably  Sir  John  Herschel  referred  only  to  the  drawings  in  his  comparisons. 
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The  observations  of  Seechi*  (1852-5)  and  of  D'Arrestf  (1866, 
June  2)  throw  no  light  on  the  position  of  the  triple  star  relative 
to  the  nebula. 

Later  observations  of  the  nebula  are  those  of  LasseU,  Lan^- 
ley,  Trouvelot  and  mysell  (It  has  also  been  observed  at  Mei- 
boume,  but  the  Melbourne  results  are  yet  unpublished.) 

Lasseirs  two  figures  are  of  high  importance,  having  been 
made  under  the  most  favorable  Conditions  at  Malta  with  his 
4-foot  reflector,  an  instrument  well  suited  to  the  purposa  They 
.  are  published  in  the  Memoirs  of  the  Royal  Astronomical  Soci- 
ety, volumes  xxxiii  and  xxxvi. 

No  verbal  description  of  the  nebula  is  given  by  LasseU,  but 
the  drawings  are  complete  in  themselves,  and  the  evidence  to 
be  derived  from  them  will  be  considered  hereafter.  The  fol- 
lowing micrometric  observations  were  made  by  LasselL  In 
order  to  present  the  nomenclature  of  the  stars  the  Index-Map 
(Lasseirs)  is  given. 

Table  L—La^sbll's  STAB-Po6inoira4 
[The  potltioiit  are  referred  to  Star  1.] 


atari 

Observed. 

Computed. 

and 

Star-. 

P- 

$. 

Aa. 

Ad. 

3 

26*  46' 

270'16 

+  117'-44 

+  243'-30 

4 

833     4 

243*20 

-11016 

+  216-82 

6 

64   31 

216-37 

+  175-38 

+  126-02 

7 

116   49 

181-21 

+  161-72 

-  81-76 

8 

311    24 

391-68 

-293-81 

+  269-03 

10 

121    30 

9039 

+   7707 

-  47-23 

14 

3   43 

17717 

+   11-49 

+  176-80 

16 

167    62 

249-26 

+   62-39 

-243-69 

21 

236   40 

12917 

-106-67 

-  72-85 

0b9&rvatUm»  at  Harvard  ChUege  Observatory  in  1866  by  Prof.  Lahchst. 

Through  the  courtesy  of  Prof.  E.  C.  Pickering,  Director  of  the 
Observatory  of  Harvara  Collie,  I  have  been  enabled  to  extract 
from  the  observing  books  portions  of  observations  made  b^  Prol 
&  P.  Langley  in  1866  with  the  15-inch  refractor  of  that  institu- 
tion. These  are  given  immediately  following,  and  in  the  proper 
place  I  have  also  given  results  derived  from  manuscript  sketches 
Dv  Prof.  Langley.  The  measures  of  star  coordinates  are  com- 
plete so  far  as  they  extend.  I  am  informed  by  Prol  Langley 
that  the  sketches  were,  however,  not  regarded  as  completed,  and 
therefore  I  shall  only  give  those  deductions  from  them  which 
appear  to  have  been  regarded  as  certain  at  the  time  of  observa- 
tion. I  desire  especially  to  convey  my  thanks  to  Professors 
Langley  and  Pickering,  who  have  allowed  me  to  use  these  val- 
uable materials. 

*  Mem.  dell'  0b8.  OolL  Bomano,  1862-66,  p.  89. 

{Abhand.  d.  k.  S&ch.  Gesell.  d.  Wissenschaften,  voL  y,  p.  343. 
Memoirs  Royal  Astronomical  Sodety,  voL  zzzVi,  p.  49. 
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ObiervoHons  cU  the  Harvard  CkUege  Ob§ervatory, 
1866.  July  31. 

Prof.  Langley  discovered  the  4tb  star  of  Sh.  379  (D),  which  he 
estimated  13  mag.,  and  which  he  described  as  '^blne.^'  It  was  inde- 
pendently seen  by  Pro£  Winlock.     Measures  of  coordinates  made. 

1866.  August  2. 

[The  following  remarks  are  copied  verbatim  from  the  original 
observing  books,  except  that  I  have  replaced  the  letters  which  are 
assigned  to  the  stars  oy  Prof.  Langley,  by  LasselPs  numbers,  for 
the  sake  of  uniformity.  The  explanations  in  square  brackets  are 
my  own.] 

^^  The  nebula  is  brightest  at  1.  6  and  1 1  are,  if  anything,  out- 
side of  its  confines.  The  prolongation  [north  of]  5  is  very  faint. 
It  diminishes  [in  brightness]  very  slightly  and  uniformlj  toward 
10  and  7  ?  1  is  involved  in  faint  neoulosity,  which  bndges  the 
dark  channel  The  region  about  1,  18,  12  is  somewhat  brighter 
than  that  in  the  triangle  7,  10,  11.  12  and  13  are  a  little  within 
the  nebulosity.  The  region  [C]  devoid  of  stars  is  perhaps  the 
brightest  part  of  the  nebula,  the  dark  channel  [south  of]  1  appear- 
ing relatively  well  defined.  The  whole  heavens  in  the  vicinity  are 
(dubiously)  nebulous.** 

1866.  August  11. 

Measures  of  coordinates  of  stars  [omitted].  "Observed  just 
south  of  1,  10,  7,  a  faint,  straight,  narrow  channel  nearly  filled  up 
with  nebulous  matter.  Was  less  confident  to-night  that  the  nebula 
surrounded  the  quadruple  star,  which  seemed  to  be  in  the  channel 
with  blackness  on  each  side,  less  in  the  preceding  than  in  the  fol- 
lowing side." 

1866.  August  13. 

Fifth  component  (E)  of  Sh.  379  discovered  by  Prot  Langley. 
1866.  September  10. 

The  entire  rerion  south  of  1  [C]  is  judged,  as  before,  to  be  the 
brightest  part  of  the  nebula,  or  nearly  so.  Cannot  feel  sure  that 
there  is  any  nebulosity  about  1.  The  channel  [south  of]  1,  10)  7, 
is  rather  suspected  than  seen. 

The  drawing  of  M.  Trouvelot  was  made  with  the  aid  of  the 
Harvard  College  refractor  (of  15  inches  aperture)  in  1874,  and  is 
published  in  the  Annals  of  the  Harvard  College  Observatory, 
vol.  viii,  plate  82.  This  plate  is  not  here  reprodaced,  as  it  has 
only  recently  been  published,  and  is  in  the  hands  of  astronomers. 
The  evidence  to  be  derived  from  it  will  be  considered  in  its 
proper  placa  The  followinc  observations  made  by  me  with  the 
26-inch  refractor  of  the  U.  S.  Naval  Observatory  complete 
the  materials  at  our  disposal. 

WashingUm  Obeervationa  in  dekril* 

I  give  the  Washington  observations  almost  literally  from  the 

*  Printed  by  permission  of  Bear- Admiral  John  Bodgers,  U.  S.  N.,  Superinten- 
dent of  the  U.  S.  Naval  Observatory. 
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observing  books,  in  order  that  thev  may  serve  for  fotore  com- 
parisons. Not  infrequently  a  verbal  statement  can  be  made 
more  definite  and  satisfactory  than  the  presentation  of  the  same 
evidence  in  a  drawing. 

WcukingUm  Obeervatkms. 

1874.  August  12.    Observers,  8.  W.  Bomham  and  E.  8.  Hokleii :  the  mkmqomA 

observations  are  by  the  latter  observer. 

Sketch  of  stars  made.  37  and  38  faint  Within  35'  of  Sh.  379 
are  4  stars,  1, 11  (rsLassell's  20),  m  and  IV.  [These  have  been 
subsequently  measured,  see  Wash,  Ast.  Obs,  for  1874-6-7;  of  these 

I  and  lY  were  discovered  by  Pro£  Langley  at  Harvard  CoU^e 
Observatory.] 

34  equal  in  brightness  to  36.  [The  principal  work  of  this  nigfit 
was  the  making  of  the  star-chart  J 

6  is  certainly  inside  the  nebulosity,  but  is  close  to  its  preceding 
edge.  11  is  inside  the  nebulosity  by  i  of  the  distance  from  6  to 
11,  but  the  nebulosity  is  faint  there;  12  and  13  both  inside;  12  is 
nearer  to  the  following  edge  of  the  nebula  than  13.  52  is  inside 
the  nebulosity  ?  ?    Clouds  prevent  further  work. 

1876.  Aug^  5. 
6  is  on  the  edge  of  A.     11  is  on  the  edge  of  a  brighter  streak, 
but  follows  the  extreme  ed^e  by  about  ^  the  distance  6-11.     From 

I I  to  the  point  near  the  tnple  star  [this  refers  to  the  point  of  the 
edge  of  the  nebula  A  north  of  1-2-19  and  about  the  nrolongadon 
of  the  line  1-2;  August,  1877]  the  edge  is  ^ain^  ana  tremulous. 
12-13-52  all  inside  the  nebulosity.  In  the  une  13-52  the  distance 
to  the  following  edge  (which  is  not  always  sharp)  is  about  equal 
to  the  distance  from  13  to  52.  [This  distance  is  to  be  measured 
from. 52  toward  ihe  following  side.  1877.] 

A  figure  was  made,  from  which  the  following  notes  are  derived. 
The  nebula  is  condensed  around  star  4.  If  a  line  be  drawn  joining 
12  and  40,  and  if  through  18a  line  be  drawn  parallel  to  the  former, 
this  last  line  cuts  the  preceding  edj^e  of  B  at  a  distance  ftom.  18 
equal  to  the  distance  18-40.  jThis  is  quite  different  fit>m  Lassell's 
second  figure,  where  the  line  described  cuts  the  edge  at  a  distance 
from  18  equal  to  about  ^  or  |  of  the  distance  18-40J 

[The  neoulosity  near  44,  45,  41,  43  agrees  with  Lassell  1864  in 
the  arrangement  of  the  two  degrees  of  brightness  of  the  nebuhLl 

41,  and  36, 37, 38  are  all  involved.  41  is  involved  by  about  the 
distance  from  36  to  37  ? 

20  is  about  the  middle  of  the  dark  channel  ft  [see  index-map]. 
The  angle  of  position  of  this  channel  ft  is  160^  (1  measure). 

ft  extends  f  of  the  distance  from  20  to  9.  [16  ?] 

32  is  immersed  in  nebulosity.  The  line  20-9  [16  ?]  is  nearly  the 
axis  of  ft, 

[A  second  sketch  of  the  bounding  lines  of  the  nebula  made,  which 
agrees  more  nearly  with  Lassell  1864  than  the  first  one  of  this  night, 
in  the  position  of  the  nebulositv  relative  to  the  stars  18  and  40.] 

The  triple  star  Sh.  379  is  really  sextuple. 
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1871.  July  2. 

The  following  stars  were  identified  and  placed  on  the  chart: 
1,  2,  3,  4,  6,  6,  7,  — ,  9,  10,  11, 12, 13, 14, 15,  16,  17,  20,  21,  22,  23, 
24,  26,  26,  27,  28,  29,  30,  31,  32,  33,  34,  36,  36,  37,  88,  39,  40,  41, 
— ,  — ,  44,  45,  — ,  — ,  48,  49,  50,  61,  52,  — ,  64,  55 ;  leaving  stars 
8,  42,  43,  46,  47,  53  to  be  subsequently  charted. 

isrt.  July  6. 

Measures  of  /?,  ^S^  etc.  See  Table  IL  Notes. — 48  has  a  little 
less  Jd'than  18.  44  has  a  little  greater  Ad  than  18.  The  p  of 
1  and  12, 19^*2,  is  nearly  that  of  1  and  19.  If  anything  the  je>  of  1 
and  19  is  greater  than  tnat  of  1  and  12. 

1877.  July  12. 

Measures  of />,  Ja,  eta  See  Table  II.  Notes. — The  line  12-13 
passes  west  of  1,  and  the  nebulosity  near  1  is  still  west  of  this  line. 
Star  3  is  east  of  the  line  12-13  by  about  1'  (est.).  The  line  1-18 
bisects  A  (roughly  speaking).     7  precedes  5  a  little. 

Along  the  line  14-20  there  is  nebulosity  to  the  edge  of  ;/,  then 
darkness  to  the  edge  of  A,  then  nebulosity  to  the  edge  of  A  again, 
then  darkness  in  %  That  is,  the  preceding  edge  of  A  is  cut  off 
by  the  line  14-20. 

The  nebulosity  oi  A  yx&t  following  the  line  14-20  is  fainter  for  3'-6' 
(est.) ;  but  beyond  this  limit  it  is  uniformly  bright  up  to  1,  2,  19. 

1877.  July  13. 

The  line  14-20  is  situated  in  regard  to  the  nebulosity  as  in  figure 
[omitted] ;  that  is,  the  line  14-20  really  passes  through  the  nebula 
near  1,  2,  19,  but  through  a  fainter  part.  It  is,  however,  about 
tangent  to  nebulosity  of  the  same  brightness  as  that  near  1-2  on 
the  following  side.  Eye-piece  175.  "nie  figure  omitted  shows  fol- 
lowing 1,  2,  19  a  fainter  band  or  dark  channel,  so  that  these  three 
stars  seem  to  be  symmetrically  situated  in  a  brighter  part  of  the 
nebula  with  fainter  nebulosity  again  surrounding  that,  as  if  the 
nebulosity  had  condensed  about  these  stars  since  Mason's  drawing. 

1877.  July  16. 

Measures  of  p  and  A  a.  See  Table  II.  I  suspect  D  to  be  vari- 
able.    11  very  faint. 

1877.  July  26. 

Measures  of  Aa^  A  6.  See  Table  IX  D  and  E  seen.  D  is  far 
brighter  than  any  other  of  the  small  components  of  Sh.  379,  of  which 
only  D  and  E  are  visible  to-night     E  is  quite  faint.    E<;20. 

1877.  July  26. 

Moonlight.  Placing  the  micrometer  wire  through  12-13  the 
wire  runs  west  of  1, 2, 19,  but  is  involved  in  fainter  nebulosity  near 
them.  Half  way  from  this  wire  to  star  1  the  nebulosity  becomes 
bright,  and  so  continues  up  to  and  beyond  [foUowing'\  1. 

With  eye-pieces  400  and  600  A,  the  three  stars  1,  2, 19  appear  to 
be  about  symmetrically  surrounded  by  an  oval  mass  of  nebulosity, 
separated  nrom  the  rest  of  A  by  a  fainter  band  following  1,  2,  19. 

Line  14-20  is  involved  in  A  near  2,  but  only  in  fainter  nebulosity. 

Line  1-10  is  involved  west  of  1  in  brighter  nebulosity  by  some 
seconds. 
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1817.  July  30; 

v.  The  line  3-36  is  almost  exactly  parallel  to  the  line  18-13,  and 
intersects  the  nebulosity  A  near  1,  2, 1 9.  This  line  is  tangent  very 
exactly  to  the  preceding  edge  of  the  brighter  nebala  abont  these 
three  stars. 

Angle  of  position  of  /?,  passing  through  20  and  16  (not  9), 
162°'7  (I). 

New  dark  channel  between  1  and  10,  as  in  sketch.  It  extends 
no  further  east  than  10,  and  10  and  11  are  on  or  near  its  following 
borders.  Its  preceding  border  is  20'-S0'  foUotoing  1,  2,  19.  The 
seeing  is  poor,  and  this  point  should  be  reexamined. 

(A)  The  brightest  part  of  the  nebula  is  about  the  triple  star. 
It  IS  an  oval  mass  nearly  symmetrically  disposed  about  the  triple 
star.    The  triple  star  is,  if  anything,  toward  its  toestem  side. 

(B)  The  next  brightest  nebulosity  is  near  36,  but  this  is  not 
much  brighter  than  (C)  or  the  brightest  parts  of  (B)  near  18. 

(D)  Stars  12-13  are  both  inside  the  neoulosity.  [See  Obserra- 
tions  of  1876,  Aug.  4;  18'7'7,  July  12,  July  26.] 

(E)  Star  1 1  is  on  the  very  edge  of  a  brighter  portion,  hut  jMlotoe 
the  extreme  edge  by  i  the  distance  6  to  11.  [See  Observations  of 
1876,  Aug.  4.) 

(F)  Star  26  is  within  the  brighter  nebulosity,  the  boundary  line 
of  wnich  runs  (see  sketch)  [omitted]  between  6  and  26,  bat  much 
nearer  26  than  6 ;  perhaps  ^  of  the  aistance  26  to  a, 

(G)  [Star  6  is  certainly  inside  the  nebulosity,  about  half  way 
from  the  preceding  edge  of  the  fainter  nebulosity  to  the  preceding 
edge  of  the  brighter.]    See  Observations  of  1876,  Aug  4,  Aug  6. 

(H)  Stars  6,  27  and  28  are  on  the  preceding  edge  of  the  fainter 
parts  of  A.     [But  preceding  6,  7,  28  it  is  not  totaUy  black.] 

(J)  The  triangle  40,  44,  21  has  no  nebulosity  which  is  at  all 
bright  within  it  except  A'. 

^)  21  is  involved  in  C  a  few  seconds,  but  it  is  close  to  its  north 
edge.     36  is  well  involved.     36,  37,  38' are  correct  on  the  map. 

1877.  July  31. 

jdd,  21  and  1,  — 66'*73'(3),  -.0'-09  refraction,  Jd=  -66'-82. 
This  is  about  the  mean  of  the  Jd's  of  38  and  37.  Sketch  of  stars, 
etc.,  near  6,  17,  28. 

The  atmosphere  on  this  night  was  more  favorable  than  pre- 
viously during  the  year,  and  the  principal  work  was  devotea  to 
the  examination  of  the  apparent  differences  between  LasseU's  and 
Trouvelot's  figures. 

It  appears  that  in  an  eye-piece  having  a  small  field  (8-9'),  when 
6,  etc.  IS  in  the  northern  part  of  the  field,  and  the  eye  endeav- 
ors to  trace  the  foUmoing  borders  of  the  channel  ;/,  that  it  is 
easy  to  gain  the  impression  that  6  is  on  or  near  the  preceding 
edge  of  A,  and  that  preceding  6,  27,  28  the  dark  channel  y  was 
prolonged  toward  the  north.  In  this  way  the  appearances  of 
HerschePs,  Mason's  and  Trouvelot's  figures  are  reproduced. 

Placing  6  in  the  center  of  the  field,  and  thus  avoiding  the  dis- 
turbing effect  of  the  well  marked  border  of  the  channel  y  near 
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6  and  11,  the  appearances  of  LasBelPs  figure  are  most  nearly  repre- 
sented. As  before  described,  the  nebulosity  between  5  and  26  is 
mostly  faint,  but  near  26  it  becomes  brighter,  so  that  26  is  involved 
now  more  deeply  in  the  brighter  parts  of  (A)  than  is  given  by 
Lassell,  and  not  so  much  as  given  by  Trouvelot. 

The  nebulosity  inmiediately  about  4,  27,  28  is  faint.  The  dark 
channel  y  ceases  to  have  well  marked  edges  south  of  6.  The  faint 
nebulosity  about  5,  however,  does  not  seem  to  be  connected  (as  in 
LasselPs  figure)  with  (B). 

August  3,  1877. 

Night  very  clear.  1  and  14  Md)  =  -21l'-37  (2),  -0'-30  re- 
fraction, J<y  =  -21l'-67  (2).  Lassell  ffives  — 243*^7,  and  I  pre- 
sume there  is  an  error  in  the  numbering  nere.    , 

Order  of  brightness  of  the  principal  stars, 
1,  2,  3,  4,  6,  6,  7, 10, 11, 12, 13, 14, 18,  20,  26,  21,  26.  39  and  24 
are  quite  &int  LasselPs  order  of  brightness  is  therefore  main- 
tained. Nebulosity  was  traced  north  foUotoing  Sh.  379  a  consid- 
erable way,  about  half  a  degree  to  a  nebulous  star  8°*,  but  I  was 
hindered  m  this  by  clouds  which  finally  covered  the  whole  sky. 
Hie  same  hindrance  occurred  in  the  same  way  on  the  clear  night 
of  July  31.  The  connection  of  this  nebula  with  neighboring  ones 
deserves  examination,  as  it  is  widely  extended,  but  no  opportunity 
offered  during  1877  for  this  work. 

With  regard  to  the  triple  star:  It  was  first  seen  double  bv 
Wm.  Herschel,  and  triple  Dy  South  and  Herschel.  Lassell  with 
his  four-foot  reflector  saw  only  three  stars.  Two  stars,  D  and  E, 
are  to  be  seen  on  any  clear  night,  D  being  about  equal  to  star  20 
in  brightness  and  E  tolerably  faint.  [I  find  among  my  notes  sev- 
eral times  a  suspicion  recorded  that  D  is  variable.]  D  and  E  were 
first  seen  by  Prol  Langley  with  the  Harvard  College  15-inch  re- 
fractor. They  are  both  given  by  Trouvelot  in  his  figure,  together 
with  a  star  sj.  1,  and  very  close  to  it.  I  have  not  seen  this  star 
in  1877.  A=:Lassell  1;  B=:2;  C  =  3;  F  =  39. 
The  approximate  positions  of  the  various  components  are : 

p.  f. 


'"6-5    [    Sb.379 


A  and  B  :        211° 

A  and  C  :  22 

BandD  :         288  :  26 

A  and  F  :         107  :  19-6 

BandE  :         193  :  5*8 

This  nomenclature  includes  Trouvelot's  star  s.  £  1.  I  have  several 
times  suspected  the  existence  of  a  small  star  n.  p.  A.  jt)  =  310^i: ; 
«=6'.  For  measures  of  the  above  stars,  see  the  Washington  Astro- 
nomical Observations  and  Bumham's  Catalogue  of  Double  Stars. 
Pro!  Eastman,  XT.  S.  N.,  has  kindlv  undertaken  to  observe  the 
triple  star  Sh.  379  on  the  TVansit-Circle,  in  order  to  fix  its  position 
bs  olutely. 

The  Washington  observations  of  star  j^ositions  are  given  in  the 
table  following.  It  will  be  noticed  that  in  the  column  *'  Holden- 
Mason''  the  errors  are  usually  within  the  limits  set  by  Mason 
himself. 
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Pogition  ofihe  mass  A  rekUioe  to  the  triple  star. 

It  will  be  convenient  to  examine  the  various  drawings  with 
regard  to  special  points,  and  to  lay  down  a  series  of  proposi- 
tions (so  to  say)  from  each  figure  which  can  afterwards  oe  com- 
pared among  themselves.  The  situation  of  the  triple  star  with 
respect  to  the  adjacent  nebulosity  being  of  importance,  I  give 
in  what  immediately  follows  five  statements  derived  from  each 
drawing,  which  go  to  show  the  position  of  the  nebulosity  A 
near  the  triple  star  at  the  epoch  of  the  drawing. 

The  statements  derived  from  each  drawing  are  here  placed 
together,  in  order  to  facilitate  the  comparison  between  the 
onginal  engravings  and  the  propositions  I  have  derived  from 
them.  In  the  actual  examination  of  the  drawings,  each  one 
was  studied  separately,  and  all  the  evidence  to  be  derived  from 
it  recorded,  and  tlie  various  data  were  subsequently  coUated. 
•In  this  way  a  tolerably  independent  judgment  can  be  formed. 

In  Sir  John  Herschers  Cape  of  Good  Hope  figure  we  find : 

L  Stars  1-2-19  are  on  the  very  edge  of  A. 
II.  The  line  12-13  does  not  intersect  A. 
IIL  The  star  20  is  not  laid  down. 
IV.  The  line  1-10  is  not  involyed  preceding  1. 
Y.  The  star  35  is  not  laid  down  on  the  drawing,  although 
given  in  the  Catalogue. 

In  general  the  agreement  with  Mason's  drawing  is  good  for 
the  mass  A  near  1,  2,  19.  In  the  figure  given  by  Mason  and 
Smith : 

,   L  Stars  1-2-19  immersed  in  A. 

U.  The  line  12-13  does  not  intersect  A,  but  passes  toest  of  it 
by  about  16*. 

HL  The  star  20  is  not  laid  down,  as  it  was  too  faint  for  Mason's 
telescope. 

rV.  The  line  I-IO  preceding  1  is  involved  in  A  by  a  little  over 
14'. 

Y.  35  is  not  laid  down  in  his  'drawing. 

These  measures  are  not  made  on  the  engraving  representing 
the  nebula  as  it  appears  to  the  eye,  but  on  the  contour  map 
(Mason's  Plate  II).  The  two  plates  agree  however,  but  the 
second  is  more  useful  for  a  purpose  like  the  present  one,  as  it 
was  seen  by  Mason  that  it  would  be. 

During  his  residence  at  Malta  in  1862-4,  Lassell  presented 
to  the  Royal  Astronomical  Society  a  figure  of  this  nebula 
drawn  under  his  direction,  which  is  referr^  to  in  the  Memoirs 
of  that  society,  vol.  xxxiii,  d.  121,  and  figured  in  Plate  I  of 
that  work.  This  figure  neea  not  be  here  riven,  as  essentially 
the  same  observations  are    represented    m  Lassell's  second 
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figure  in  the  vol  xxxvi  of  the  same  series  (p.  48  and  fig.  82, 
Pkte  VIII),  which  we  give  below.  The  first  of  these  figures 
we  may,  however,  briefly  describe  in  some  important  pointB, 
usin^  LasselFs  nomenclature  for  the  stars,  as  given  in  tne  last 
cited  work  and  Mason's  nomenclature  for  the  nebulosity,  as  in 
our  Index-map. 

s. 


Fig.  6. 


N. 
Lassbll,  1862. 


LaaseWs  first  figure, 

L  Stars  1,  2,  19  are  immersed  in  the  nebula. 

n.  The  line  of  stars  12-13  prolonged  passes  through  the  nebo- 
losity  of  A.  If  we  draw  the  shortest  line  from  star  2  to  the  pre- 
ceding edge  of  A  this  line  is  cut  by  the  line  12-13,  prolonged  at 
about  one-third  its  length  from  its  preceding  end,  and  this  line  is 
involved  in  the  nebula  near  1,  2,  19,  for  about  30^  of  its  length. 

IIL  The  line  from  14  to  20  cuts  the  line  from  2  at  about  its 
middle  point,  and  is  involved  in  the  neboja  near  1,  2,  19  for  aboot 
30'  of  its  length. 


Digitized  by  VjOOQ  IC 


JK  S.  Holden— Proper  Motion  of  the  Trifd  Nebula  M.  20.     449 

IV.  The  line  10-1  is  involved  in  nebulosity  preceding  1  by 
about  1g'-6. 

V.  The  line  35-3  is  nearly  tangent  to  the  preceding  edge  of  the 
nebula  a. 

LasseWs  secmid  figure. 

This  figure  is  the  result  of  repeated  observations  and  is  to 
be  considered  as  more  trustworthy  than  the  former. 

I.  Stars  1,  2,  19  are  immersed  in  A, 

II.  The  line  of  stars  12-13  prolonged  passes  through  the  nebu- 
losity X  preceding  I,  and  is  involved  in  the  nebula  A  for  about 
25'  of  its  length. 

III.  The  line  14-20  is  involved  in  A  for  about  17*.  It  is  to  be 
noted  here  that»all  of  A  which  precedes  the  line  1,  2,  19  is  in  this 
drawing  considerably  fainter  than  that  just  on  the  border  of 
which  1,  2,  19  are  situated. 

This  is  not  so  given  in  the  earlier  figure,  but  probably  this 
second  figure  represents  more  exactly  the  careful  observations 
of  Lassell  himself.     Returning  to  the  second  figure  we  find  : 

IV.  The  line  10- 1  is  involved  in  nobxiXosiiY  preceding  1  by 
about  16'-6. 

V.  The  line  ,35-3  is  approximately  tangent  to  the  preceding 
shore  of  A. 

From  the  Harvard  College  observations  by  Professor  Langley 
and  from  sketches  accompanying  them  the  following  conclusions 
may  be  drawn.  As  remarked  by  Prof.  Langley  these  conclusions 
are  not  of  the  same  weight  as  the  micrometric  observations 

I.  Stars  1,  2,  19  are  not  immersed  in  A,  but  are  in  the  dark 
channel  which,  however,  is  filled  with  faint  nebulosity. 

IL  The  line  12-13  prolonged  is  not  involved  in  the  nebulosity  A. 

III.  Stars  14-20  not  laid  d#wn. 

IV.  Line  1-10  not  involved  preceding  1. 

V.  35  not  laid  down. 

In  the  drawing  made  by  M.  Trouvclot  at  Harvard  College 
Observatoiy* — 
L  Stars  1,  2,  19  arp  immersed  in  A, 

II.  The  line  12-13  does  not  intersect  A,  but  passes  west  of  it 
by  many  seconds. 

III.  The  line  14-20  is  not  involved  in  A  at  all. 

IV.  The  1-10  preceding  1  is  involved  in  A. 
VT  The  star  35  is  not  laid  down. 

From  the  Washington  observations  it  appears  that— 
I.  1,  2,  19  are  immersed  in  A, 

IL  The  line  12-1:^  prolonged  passes  through  A,  Half  way 
from  this  line  to  the  line  I,  2,  19  the  nebulosity  becomes  brighter, 

*  Annals  Harvard  College  Observatory,  voL  viii,  plate  32.    This  figure  is  not 
copied,  as  it  is  but  lately  published  and  is  in  the  hands  of  astronomers. 
AM.  JouB.  Soi.— Third  8brie8,  Vol.  XIV,  No.  84.— Dbc,  1877. 
30 
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and  so  continues  up  to  1.     That  is,  the  line  12-13  is  involved  in 
the  fainter  nebulosity. 

in.  The  line  14-20  cuts  off  the  preceding  borders  of  A^  but  is 
involved  only  in  fainter  nebulosity.  It  is,  however,  about  tangent 
tcy  the  brighter  nebula  about  1,  2,  19. 

IV.  The  line  10-1  prolonged  is  involved  in  A  preceding  1. 

V.  The  line  35-3  is  almost  exactly  parallel  to  the  line  12-13 
[jt>=30®*5],  and  intersects  A  near  the  triple  star.  This  line  is 
tangent,  verv  exactly  to  the  preceding  edge  of  the  brighter 
nebulosity  aoout  these  three  stars. 

We  may  make  the  following  summary  of  the  evidence  with 
regard  to  the  position  of  the  triple  star  relative  to  the 
nebulosity. 

I.  The  stars  1,  2,  19  are  situated  ip  HerschePs  (1837)  figure  on 
the  very  edge  of  A^  but  in  Mason's  figure  and  in  his  notes, 
"Things  Certain,"  he  places  these  stars  within  the  nebula,  an4 
probably  a  consideration  of  the  two  memoirs  will  result  in  the 
conclusion  that  here  Mason  was  right  and  that  we  must  suppose 
the  triple  star  to  have  been  involved  in  1837-9.  It  is  aU  the 
more  proper  to  come  to  this  conclusion  as  Herschel  does  not  ex- 
pressly say  that  the  stars  are  on  the  edge,  his  evidence,  at  the 
best,  being  negative  on  this  point.  We  therefore  may  assume 
with  confidence  that  Mason's  figure  and  memoir  give  the  relative 
position  of  these  stars  and  the  nebula  correctly  for  1837-9.  It  is 
to  be  noted  here  that  this  position  is  utterly  different  from  the 
one  derived  from  the  evidence  of  the  earlier  observations. 

In  the  absence  of  satisfacijory  micrometric  measures  (which 
indeed  are  almost  impossible  to  make  on  this  point  even  with 
faintly  illuminated  wires),  it  may  b©  said  that  Lassell*s  (2  fig- 
ures), Trouvelot's  and  my  own  observations  agree  in  this  re- 
spect with  Mason *s,  allowing  for  difference  of  telescopes.  We 
may  therefore  say  with  certainty  that — 

§.  From  1839  to  1877  the  triple  star  was  not  centrally  situated 
between  the  three  nebulosities^  but  was  involved  in  A,  The  evi- 
dence to  be  derived  from  the  earlier  observations  at  Harvard 
College  is  alone  opposed  to  this  conclusion,  and  these  may  per- 
haps oe  explained  by  supposing  the  brightness  of  the  stars  1,  2, 
19  to  have  overpowered  that  of  the  nebula  near  them.  At  the 
same  time  it  must  be  noted  that  in  several  respects  these  observa- 
tions vary  from  other  later  ones,  and  it  is  to  be  remembered  that 
the  evidence  is  here  mostly  derived  from  verbal  and  definite  de- 
scriptions, and  therefore  are  of  greater  weight  than  if  deduced 
only  from  drawings. 

II.  The  line  12-13,  according  to  Herschel,  does  not  intersect 
A  ;  Mason — does  not  intersect  A  ;  Lassell  (1)— does  intersect  A ; 
Lassell  (2) — does  intersect  A  ;  Langley — does  not  intersect  A ; 
Trouvelot — does  not  intersect  A  ;  Holden — does  intersect  A. 
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IIL  The  line  14-20,  according  to  Ilerschel,  cannot  be  traced ; 
Mason — cannot  be  traced;  Lassell  (l) — is  involved  in  A\  Las- 
sell  (2) — is  involved  in  A ;  Langley — is  not  involved  in  A  ;  Trou- 
velot — is  not  involved  in  A ;  Holden — is  involved  in  A. 

IV.  The  line  10-1;  the  evidence  nnder  this  head  corroborates 
that  under  I,  except  in  the  case  of  Harvard  College,  1866. 

V.  The  line  86-8 :  Herschel,  star  86  not  laid  down ;  Mason, 
star  86  not  laid  down;  Lassell  (I),  stars  86-8  about  tangent  to 
A ;  Lassell  (2),  stars  86-8  about  tangent  to  A ;  Laneley,  star  86 
not  laid  down ;  Trouvelot,  star  36  not  laid  down ;  nolden,  line 
86-8  intersects  the  fainter  nebulosity  A,  but  is  about  tangent  to 
the  brighter  part  of  A  near  the  triple  star. 

In  these  points  I-V,  it  appears  that  there  are  few  discrepan- 
cies that  the  difiFerence  in  telescopes  will  not  explain,  and  infer- 
ence %  is  conBrmed. 

Qtneral  notes  on  the  brigJUer  portions  ofiks  NebuUi, 

The  brighter  portions  only  are  considered,  in  order  to  avoid 
as  much  as  possible  the  discrepancies  arising  from  diflFerences 
of  instrumental  power. 

In  this  examination  again  it  will  be  convenient  to  derive  a 
series  of  propositions  from  each  drawing  in  succession,  which 
can  afterwards  be  compared. 

The  following  analysis  may  be  made  of  the  figure  of  Her- 
schel (1837). 

A.  The  brightest  nebulosity  is  thsit  following  1-2-19,  that  called 
B,  and  that  called  C.  The  bounding  line  of  C  is  strangely  different 
in  Herschel  and  Mason's  figures,  as  remarked  by  the  former.  Mason 
refers  in  his  notes  to  the  outline  as  given  by  Herschel. 

B.  )      To  understand  the  distribution  of  the  fainter  nebulosity, 

C.  f  a  reference  must  be  made  to  the  drawing. 

D.  Star  12  is  on  the  very  edge  of  the  following  side  of  B.  It 
might  even  be  supposed  to  have  been  intended  to  be  laid  down  in 
the  channel  y.     18  is  immersed,  but  not  much. 

E.  Star  11  is  immersed  in  A. 
G.  Star  6  in  immersed  in  A. 

H.  Star  6  is  on  the  preceding  side  of  A, 

J.  The  triangle  defined  by  stars  40,  44,  21  [these  stars  not 
being  laid  down  by  Herschel  makes  this  inference  somewhat 
doubtful]  would  be  largely  free  from  nebulosity  of  any  considera- 
ble degree  of  brightness. 

K.  Although  the  stars  of  Mason  6  and  4  are  not  laid  down,  yet 
the  general  agreement  of  the  northern  boundary  of  C  near  1,  2, 
19  as  laid  down  by  Mason  and  Herschel  respectively,  is  very  good. 

L. From  the  engraving  I  find  tnat  about  T  preceding 

1  the  Ad  of  the  southern  well  defined  and  bright  edge  of  B  is 
88'';  the  width  of  the  channel  a  is  86',  and  therefore  the  A6  of 
the  north  edge  of  C  near  where  star  21  would  bje,  is  128'. 
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With  reference  to  the  distribution  of  the  nebulosity  in 
Mason's  figure  we  may  lay  down  the  following  propositions  : 

A.  The  brightest  nebulosity  is  that  immediately  following  1,  2, 
19 ;  that  surrounding  his  star*  5  [=  Lassell  No.  18],  and  thai  near 
Mason  6. 

B.  ).     The  fainter  orders  of  nebulosity  are  pretty  uniformly  and 

C.  \  symmetrically  disposed  about  these  three  brighter  eenters. 
This  is  better  understood  from  the  figure  than  from  a  description. 

D.  Stars  12  and  13  are  immersed  in  nebulosity.      * 

E.  Star  II  foUotos  the  edge  of  the  nebula  a  considerable  distance. 
G.  Star  6  is  somewhat  immersed  in  A, 

H.  Star  6  is  on  x\\q  preceding  edge  of  A, 

J.  The  triangle  whose  vertices  would  be*in  the  positions  of 
Lassell's  stars  40,  44,  21  is  completely  filled  with  tolerably  bright 
nebulosity. 

K.  The  stars  Mason  6  and  4  are  both  immersed  in  nebulosity,  6 
in  very  faint  nebulosity,  4  in  a  brighter  part.  The  channel  a 
is  south  of  these.  The  J  (J  of  6  and  4  is  according  to  Mason 
-68'  and  -39'. 

L.  The  J  (J  of  the  south  edge  of  B  is  about  the  mean  of  the  z?<5's 
of  stars  [Mason]  4  and  6,  that  is,  about  61'.  About  7"  preceding 
1,  the  A6  of  the  extreme  northern  limit  of  C  is  about  187'. 

In  regard  to  the  distribution  of  the  nebulosity  in  LasselFs 
figure  we  may  remark  : 

A.  The  brightest  nebulosity  is  immediately  about  smd  foUotcinff 
1,  2,  19. 

B.  The  next  order  of  bnght  nebula  is  about  stars  35,  36,  37 ; 
i.  e.,  just  south  of  1,  2,  19  in  the  line  1-20. 

C.  ITie  third  order  of  bright  nebulosity  is  between  stars  12,  48, 
40  and  stars  40,  18. 

D.  Stars  12,  13,  62  and  53  are  immersed  in  nebulosity. 

E.  Star  1 1  is  just  on  the  edge  of  A. 

F.  Star  26  is  just  on  the  edge  of  A. 

G.  Star  6  is  nearly  in  the  middle  of  the  dark  channel  y. 

H.  Stars  5,  27^,  28  are  immersed  in  the  following  border  of  B. 

J.  The  triangle  40,  44,  21  is  free  of  neoula.   • 

K.  The  stars  21,  36,  35  are  immersed  in  C  south  of  the  channel  a, 

L.  The  southern  limit  of  B  instead  of  being  as  in  Herschel  and 
Mason's  figures  over  100'  south  of  1,  is  over  60'  north  of  it. 
The  ^6  of  the  no7*th  shore  of  C  is  (roughly)  about  —70'. 

Lasseirs  first  figure  confirms  the  above  propositions  in  gen- 
eral. The  only  changes  necessary  to  introduce  are  with 
regard  to — 

D.  12,  13,  62  on  the  edge  ot  following  the  edge  of  B. 

F.  Star  26  outside  of  A 

H.  5,  27,  28  follow  the  east  edge  of  B. 

J.  The  triangle  has  a  patch  of  faint  nebulosity  in  it  (A*), 
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From  the  MS.  observations  and  drawings  of  Professor  Lang- 
lev  the  following  conclusions  may  be  drawn  : 

A.  "The  brightest  nebulosity  is  about  1"  (August  2d).  "  The 
region  south  of  1  is  judged  to  be  the  brightest*'  (Sept.  10). 

p*  t  See  the  observations  in  detail 

1).  Stars  12,  13  are  immersed. 
E.  Star  1 1  is,  if  anything,  outside  of  A, 
P.  Star  26  not  laid  down. 
G.  Star  6  is,  if  anything,  outside  of  A. 
H.  Star  6  is  near  the  preceding  edge  of -4,  but  immersed. 
J.  40,  44,  21  not  laid  down. 

K.  Stars  86  ?  35  ?  are  immeraed  in  C  south  of  the  channel  a. 
L.  No  measures  possible  on  the  sketches,  but  it  in  general 
agrees  with  Trouvelot. 

From  the  drawing  of  M.  Trouvelot,  which  gives  the  general 
eflFect  of  the  nebula  to  the  eye  better  than  any  other,  we 
deduce  what  follows : 

A.  The  brightest  part  of  the  nebula  is  in  A  south  following 
1,2,19. 

B.  Next  in  order  of  bnghtness  is  the  nebulosity  about  star  40. 

C.  The  northern  borders  of  C  are  next  in  order  of  brightness. 

D.  Stars  12  and  13  ai)^  immersed  in  B. 

E.  Star  1 1  follows  the  extreme  edge  of  -4  a  little  (see  his  out- 
line-map of  stai-8  in  Annals  H.  C.  Obs.,  vol.  viii). 

F.  Star  26  is  uniformly  surrounded  by  tolerably  light  nebu- 
losity. 

G.  Star  6  is  within  Xh^  preceding  edige  oi  A  (outline-map). 
H.  Star  5  is  within  A  (outline-map). 

J.  The  tnangle  40,  44,  21  contains  a  considerable  amount  of 
pretty  bright  nebulosity. 

K.  Star  21  is  on  the  northern  border  of  C.  Stars  35  and  36  are 
not  laid  down. 

The  results  A,  B, K,  for  the  Wasbintrton  observa- 
tions are  laid  down  in  the  detailed  transcription  of  those  obser- 
vations (1877,  July  30)  and  need  not  be  repeated  here.  As  to 
L,  we  may  say  that  the  A6  of  the  north  shore  of  C,  7'precrding 
1  is  about  -66''. 

We  may  summarize  the  foregoing  results  as  follows :  First 
as  to  the  distribution  of  the  brightest  portions  (A,  B,  C). 
In  all  of  the  drawings  the  nebulosity  closely  followhig  the  triple 
star  is  of  the  first  order  of  brightness,  while  in  the  Washington 
observations  between  1  and  10  a  darker  band  exists.  1  am 
disposed  to  believe  that  this  band  has  simply  been  overlooked, 
although  the  two  careful  figures  of  Lassell  might  be  supposed 
to  militate  against  this  view.  In  these  no  dark  band  closely 
following  1,  exists. 
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It  is  possible  that  the  brightness  of  the  stars  1,  2,  19  pro- 
duces by  contrast  part  of  the  effect  noted. 

D.  In  spite  of  minor  diflTerences  the  general  agreement  as  to  the 
situation  of  stars  12  and  13  is  good.  LasselPs  &st  drawing  if  not 
corrected  by  his  second  would  be  difficult  to  explain  in  this 
respect. 

E.  According  to  Merschel :  star  1 1  is  immersed  in  A ;  Mason, 
star  11  is  deeply  immersed  in  A;  Lassell,  star  11  is  just  on  the 
edge  of  A ;  Langley,  star  1 1  is  not  immersed  in  A ;  Trouvelot, 
star  1 1  is  very  slightly  immersed  in  A ;  Holden,  star  11  is  on  the 
very  edge  of  the  brightest  portion,  hutfoUows  the  extreme  edge 
a  little. 

Here  Herschel  and  Mason  agree  with  each  other,  but  differ 
from  the  later  authorities. 

F.  According  to  Lassell :  star  26  is  just  on  the  edge  of  A ;  that 
is,  the  space  between  26  and  5  is  totally  black.  In  his  first  fig- 
ure 26  is  completelv  free  from  A^  preceding  the  edge ;  Trouvdot, 
star  26  surrounded  on  all  sides  by  uniform  nebulosity ;  Holden, 
star  26  is  within  the  brighter  nebulosity  of  A,  whose  boundary 
line  runs  between  5  and  26  at  a  distance  from  26  equal  to  about 
\  the  distance  of  these  stars. 

The  'evidence  under  this  head  should  be  considered  in  con- 
nection with  that  under  H,  which  is  for  comparison  next  given. 

H.  According  to  Herschel :  star  5  is  on  the  preceding  edge  of 
A ;  Mason,  star  6  is  on  the  preceding  edge  of  A ;  Lassell,  stars 
6,  27,  28  are  immersed  in  the  following  border  of  B.  In  La^elPs 
first  figure  these  three  stars  are  entirely  free  from  nebulosity  and 
follow  the  efjfst  edge  of  B ;  Langley,  star  6  is  within  A ;  Trou- 
velot,  star  6  is  within  A  ;  Holden,  stars  5,  27,  28  are  on  the  pre- 
ceding edge  of  a  fainter  strip  of  nebulosity  which  begins  (at  6)  to 
border  A  and  continues  northward  beyond  28.  The  preceding 
edge  of  the  brightest  parts  of  A  is  very  close  to  1 1,  a  little  east 
of  6,  about  ^  [26—5]  preceding  26,  etc.  K  one  follows  the  edge 
of  the  nebula  A  northward  from  1  to  5  at  the  telescopje  and  wiUi- 
out  previous  familiarity  with  the  actual  contours,  6  will  certainly 
at  the  first  glance  appear  to  be  on  or  near  the  extreme  edge  of  A. 
,  A  little  examination  shows  that  the  description  given  in  the 
Washington  observations  is  correct  (in  1877),  but  I  have  not 
been  able  to  see  how  the  exact  effect  given  in  Lassell's  two  draw- 
ings (by  two  different  observers,  be  it  remembered,  at  different 
times)  can  be  produced.  At  the  same  time,  I  have  no  doubt  that 
the  appearance  given  by  Lassell  was  a  true  one  for  1 862-4,  and  a 
slight  change  in  the  intensity  of  the  nebulosity  between  26  and  5 
would  reduce  the  nebula  as  described  in  the  Washington  observa- 
tions to  the  appearance  as  given  bv  Lassell.  A  change  in  the 
reverse  direction  is  needed  to  reconcile  the  appearances  given  by 
Lassell  and  Mason 
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While,  therefore,  no  definite  conclusion  can  be  reached  (as 
Lasseirs  drawings  of  nebulae  in  general  are  of  the  highest 
value,  being  among  the  very  best  extant,  and  as,  therefore,  we 
must  not  only  accept  them  as  evidence,  but  as  very  positive 
and  conclosive  evidence),  it  is  possible  that  some  slight  changes 
of  brilliancy  (apparently  none  of  situation)  may  have  occurred 
in  the  region  28,  17,  18,  26  during  the  past  forty  years. 

Eesuming  the  previous  order : 

G.  According  to  Herschel:  star  6  is  immersed  in  A;  Mason, 
star  6  is  immersed  in  A,  but  is  very  near  the  edge ;  Lassell,  star 
6  is  nearly  in  the  middle  of  the  ^ark  channel  y.  Both  figures 
confirm  this ;  Langley,  star  6  is  not  immersed  m  A ;  Trouvelot, 
star  6  is  within  the  extreme  boundary  of  A,  but  close  to  edge 
of  the  brightest  part ;  Holden,  star  6  is  about  midway  between 
the  preceding  edges  of  the  faint  nebulosity  bordering  A,  and  the 
edge  of  the  brighter  parts  of  A. 

The  evidence  above  seems  to  me  to  indicate  some  decided 
changes  in  the  brightness  [and  position]  of  the  edge  of  A  near 
6.  The  first  two  and  the  last  two  authorities  agree,  and  both 
difier  from  Lassell  and  from  Langley.  Accepting  LasselFs 
authority,  some  change  has  here  taken  place,  and  it  appears 
that  it  IS  connected  with  the  suspected  changes  F  and  E, 
Langley's  observations  are  not  widely  different  from  the  later 
ones,  but  seem  to  confirm  LasselPs. 

J.  The  triangle  defined  by  40,  44,  21  is,  according  to  Herschel : 
free  from  any  marked  nebulosity ;  Mason,  completely  filled  with 
tolerably  bright  nebulosity ;  Lassell,  free  from  nebula  (2d  figure), 
free  from  nebula  except  A'  (1st  figure) ;  Trouvelot,  contains  a  con- 
siderable amount  of  pretty  bright  nebulosity;  Holden,  contains 
no  nebulosity  at  all  bright  except  A\ 

Here  the  various  accounts  do  not  agree.  Positive  evidence 
is  more  to  be  considered  than  negative,  and  this  triangle  in 
1837  was  probably  filled  with  nebula  considerably  bright  It 
is  not  so  now.  Trouvelot*s  figure  really  agrees  with  Lasseirs 
and  my  own,  if  we  correct  a  little  distortion  of  his  figure 
near  this  part. 

K  and  L.  The  point  to  be  settled  is,  has  the  channel  a  remained 
unchanged  ?     From  Herschel's  figure  we  derive  the  following : 

The  apex  of  A'  (which  in  his  figure  is  continuous  with  B,  and 
is  indeed  about  the  brightest  portion  of  the  nebula,  quite  different 
from  now)  is  about  38  seconds  of  arc  south  of  1.  The  J  a  of  this 
apex  is  (approximately)  —  ?•.  The  width  of  the  channel  a  at 
this  point  is  85  seconds.  Hence  the  north  shore  of  C  in  the 
R.A.  — ?•  (from  1)  is  in  ^d  -123°. 
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From  Mason's  figures  (assisted  here  by  the  measured  posi- 
tions of  stars  4  and  6  of  his  list)  we  find  the  sout/i  shore  of  B 
in  ^d  —51'' ;  and  the  Jd  of  the  extreme  northern  limit  of  C 
187''.  An  acquaintance  with  Mason's  memoir  is  necessary  in 
order  to  understand  the  great  dependence  to  be  placJed  on  his 
work. 

In  Lasseirs  figure  we  find  star  21  nearly  on  the  northern 
limit  of.C,  and  hence  in  the  (measured)  J(J'— 73"9.  In  Las- 
sell's  figures  the  part  A'  is  completely  detached  from  B  by  a 
wide,  black  opening.  In  Trouvelot's  drawing  A'  is  continuous 
with  B,  and  in  my  own  sketches  A'  is  indeed  separated  from 
B,  but  by  a  narrow  and  not  very  obvious  jchannel.  In  respect 
to  the  souitiern  parts  of  B  we  have  then  the  following  succes- 
siye  results. 

From  my  own  observations  the  contour  of  the  north  shore  of 
C  near  stars  21,  36,  37,  38  is  similar  to  LasselPs,  and  the  A6  of 
21  which  gives  the  ^6  of  this  north  shore  is  —65'.  Collecting 
the  various  authoiities — 

j  Herschel:     J 6  of  north  shore  of  C  =—123'. 

(  Mason  :        A6  of  north  shore  of  C  =  —  187'.  (measured.) 

(  Lassell :        AS  of  north  shore  of  C  =—  73'.  " 

\  Trouvelot:  A6  of  north  shore  of  C  =-   60'. 

(  Holden  :       /16  of  north  shore  of  C  =  -  66'.  " 

The  last  three  authorities  may  be  said  to  agree:  the  first 
two  agree  in  placing  the  north  shore  of  C  1'  or  more  further 
south.  The  amount  by  which  it  is  further  to  the  south  is  prob- 
ably best  given  by  Mason's  figures,  for  reasons  already  cited 
here,  and  spoken  of  in  general  by  Herschel  himself  (he  cit^ 
p.  11,  foot  note.) 

If  there  had  been  no  stars  (Mason's  4  and  6)  near  the  area  in 
question,  this  conclusion  would  not  be  so  definite  as  it  now 
appears  to  be.  In  fact,  the  positions  of  these  stars  were  fixed 
and  then  the  nebulosity  was  drawn  about  them.  It  is  certainly 
not  about  these  stars  now. 

The  space  A'  about  7"  preceding  1  and  between  the  parallels  of 
A6=z0'  and  J<J=  — 38'  is,  according  to  Herschel,  about  the 
brightest  portion  of  the  nebula  and  continuous  with  the  rest  of 
B ;  Mason,  nearly  equal  to  the  brightest  parts  of  the  nebula,  and 
continuous  with  the  rest  of  B  ;  Lassell,  totally  black ;  Trouvelot, 
pretty  bright,  and  part  of  B ;  "Holden,  bright,  but  separated  from 
B  by  a  narrow  channel. 

In  this  respect,  regarding  all  the  drawings  as  of  equal  or 
nearly  equal  accuracy^  there  has  undoubtedly  been  a  decided 
change. 
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RECAPITULATION    OF  THE   PRECEDING    RESULTS. 

We  may  now  collect  sucb  of  the  preceding  results  as  we  have 
found  important.     First  it  has  appeared — 

^.  From  1784,  July  \2  to  1833,  the  triple  star  was  centrally 
situated  between  the  three  nebulosities. 

Again, 

§.  Pram  1839  to  1877  the  triple  star  was  not  centrally  situated 
between  the  three  nebulosities^  but  involved  in  A. 

It  has  previously  been  seen  that  each  of  these  propositions 
rests  on  a  firm  basis.  Granted  that  ^  and  ^  are  correct,  I 
know  of  but  three  ways  to  reconcile  the  opposing  facts: 

a.  The  triple  star  has  a  large  proper  motion. 

b.  The  nebula  A  has  a  large  proper  motion. 

C  The  nebula  A  is  subject  to  decided  changes  of  brilliancy. 

The  first  point  will  be  settled  by  meridian  observations  now 
in  progress.     The  relative  positions  of  1  and  the  various  stars* 
of  the  group  seem  to  have  been  unchanged  since  Mason.     If, 
as  is  probable,  the  proper  motion  of  the  triple  star  is  small, 
there  remain  the  two  alternatives  b  and  c  to  choose  between. 

We  have  seen  that  the  evidence  with  regard  to  the  position 
of  the  nebulosity  A  relative  to  the  star  6,  indicates  changes  in 
the  brightness  and  position  of  this  part  of  A.  This  appears  to 
be  connected  with  changes  much  less  certain  neur  star  5,  etc. 
It  has  also  appeared  that  in  1839  the  nebula  B  was  about  the 
stars  Mason  4  and  6.  This  is  confirmed  by  Herschers  earlier 
figure,  and  is  totally  and  entirely  diflerent  from  present 
appearances  This  conclusion  is  also  confirmed  by  the  marked 
and  glaring  differences  in  the  description  of  the  region  A\ 

Each  of  the  above  inferences  rests  on  undoubted  authority,  and 
only  cases  are  included  here  in  which  no  doubtful  points  have 
arisen.     It  therefore  appears  to  me  to  be  a  just  conclusion  that — 

The  evidence  as  recorded  with  regard  to  this  nebula  indicates 
marked  changes  of  posit io7i  or  brilliancy ^  or  both,  during  the 
period  1784-1 877.  The  conjectifre  of  Sir  John  Herschel,  "  perhaps 
this  singular  object  has  a  proper  motion,"  will  be  recalled  in  this 
connection. 

I  have,  in  my  own  mind,  no  doubt  but  that  the  evidence  as 
recorded^  if  thoroughly  examined  by  any  competent  person  will 
lead  to  the  same  conclusion.  The  examination  of  many  draw- 
ings of  nebulae  has,  however,  led  me  in  common  with  othei's, 
to  the  conclusion  that  too  great  care  cannot  be  exercised  in 
interpreting  drawings  of  this  class.  Drawings  and  observa- 
tions made  from  one  point  of  view  have  to  be  interpreted 
fi'ora  quite  another  and  a  different  one,  and  misreadings  and 
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misinterpretations  are  likely  to  occur.  It  is  for  this  reason 
that  I  have  given  my  own  observations  in  detail,  so  that  they 
may  be  repeated  step  by  step  at  any  subsequent  time ;  and  for 
the  same  reason,  I  have  given  in  mil  the  analysis  of  the  sepa- 
rate drawings  so  that  each  point  can  be  verified  or  rejected  by 
any  one  who  has  the  original  drawings  before  him. 

This  method  of  examining  each  drawing,  deducing  from  it 
all  the  evidence  on  all  the  pomts  in  question,  and  then  collating 
the  various  data  under  each  separate  head,  not  only  enables  the 
whole  work  to  be  quickly  verified,  but  it  enables  the  person 
collating  the  evidence  to  form  the  final  conclusions  with  little 
or  no  danger  of  bias  or  preiudice.  The  principal  question  is  as 
to  the  goodness  of  the  evidence  itself.  It  may  be  worth  while 
in  this  case  to  examine  the  evidence  and  to  see  what  must  he 
rejected  in  order  to  suppose  that  this  nebula  has  remained  un- 
changed from  1784  to  1877.  First  then,  Sir  William  Herschel 
speaks  of  the  triple  star  as  being  **in  the  middle"  of  the  three 
'  nebulosities  on  several  occasions.  Sir  John  Herschel  is  explicit 
as  to  its  being  "in  the  midst"  and  "exactly  in  the  center"  of 
the  "central  vacuity.".  Inference  gi  rests  on  these  statements, 
which  could  not  have  been  made  more  definite  by  Sir  John 
Herschel  and  which  are  strongly  corroborated  by  Sir  William 
Herschel.  ^  is  undoubtedly  correct.  Hence  I  believe  that 
the  previous  inferences  regarding  the  relative  motion  of  the 
triple  star  and  the  nebula  should  stand,  and  are  correct 

The  further  conclusions  as  to  change,  as  I  have  given  them, 
could  have  been  deduced  from  the  drawings  of  Mason  and 
Lassell  alone,  combined  with  my^  own  observations.  The 
observations  of  Langley,  Trouvelot  and  Herschel  simply  cor- 
roborate the  others  in  general  but  are  not  essential.  Tne  in- 
ternal evidence  of  Mason's  paper  shows  that  in  spite  of  his 
inexperience  he  was  fully  aware  of  the  nature  of  the  problem 
to  be  solved,  and  his  results  are  entirely  trustworthy.  In 
every  point  noted  as  "certain,"  (and  only  such  points  are 
recorded  in  the  drawing,)  his  work  was  verified  by  his  coad- 
jutor, Mr.  H.  L.  Smith.  Lass^lVs  drawings  are  well  known, 
and  his  series  is  among  the  best  we  have.  In  this  case 
fortunately  we  have  two  separate  and  independent  drawings  b\^ 
different  hands  which  support  each  other.  There  can  be  no 
doubt  of  their  standard  character.  In  regartl  to  my  own  obser- 
vations, I  am  satisfied  that  they  are,  in  the  main  and  on  essential 
points,  correct  The  season  of  1877  was  very  unfavorable  and 
the  star  positions  could  be  improved,  but  I  do  not  think  any 
error  of  moment  remains.  It  therefore  seems  to  me  that  the 
evidence  remaining  to  be  examined  is  such  that  it  ought  not  to 
be  rejected,  and  that  the  previous  conclusions  should  stand. 
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Art.  XLIX. — The  Northern  Part  of  the  Connecticut  Valley  in  the 
Champlain  and  Terrace  Periods  ;  by  Warren  Upham. 

A  CAREFUL  exploration  of  the  stratified  drift  bordering  Con- 
necticut Eiver  on  both  sides,  from  its  source  to  the  north  line 
of  Massachusetts,  has  been  made  for  the  geological  survey  of 
New  Hampshire.  Much  of  the  present  essay,  which  is  based  on , 
this  work,  will  be  published,  with  additional  details,  in  the 
third  volume  of  the  report  on  that  survey. 

At  the  end  of  the  Glacial  period,  this  valley,  like  every  other 
prominent  valley  in  New  England,  received  thick  beds  of 
gravel,  sand  and  clay,  or  fine  silt  These  were  deposited  dur- 
ing the  Champlain  period,  which  embraces  the  time  occupied 
by  the  final  melting  of  the  great  ice-sheet  During  the  Recent 
or  Terrace  period,  the  work  of  deposition  has  not  been  equal  to 
that  of  erosion,  and  the  rivers  have  excavated  deep  and  wide 
channels  in  the  Champlain  deposits.*  This  erosion  along  Con- 
necticut Eiver  has  been  100  to  200  feet  in  depth,  and  a  quarter 
of  a  mile  to  one  mile  or  more  in  width. 

The  river-lands  here  to  be  considered  include  the  interval, 
or  present  flood-plain,  frequently  known  as  meadow  along  the 
Connecticut,  and  called  bottom  land  in  the  western  States;  and 
terraces,  which  rise  in  steps  on  each  side  of  the  river,  the  high- 
est often  forming  extensive  plains.  This  highest  deposit  is 
found  to  Ijave  about  the  same  height  upon  both  sides,  and  to 
extend  continuously,  with  nearly  the  same  slope  as  that  of  the 
river,  along  the  whole  valley,  being  broken  only  by  the  en- 
trance of  tributaries  or  occasional  projecting  hills.  These  ter- 
races are  remnants  of  the  river's  flood-plain  at  the  end  of  the 
Champlain  period.  The  lower  terraces  agree  less  frequently  in 
their  height  on  opposite  sides  of  the  river,  and  are  commonly 
short,  seldom  extending  more  than  one  or  two  miles,  and  suc- 
ceeded by  others  higher  or  lower.  An  examination  of  them 
over  long  distances,  however,  sometimes  shows  a  well-marked 
series,  descending  with  the  river,  and  recording  a  height  at 
which  during  the  process  of  erosion,  the  river  remained  nearly 
stationary  in  height  for  an  unusual  length  of  time,  forming  a 
broad  and  continuous  flood-plain,  now  interrupted  and  nearly 
swept  away  by  the  further  aeepening  of  the  channel.  These 
terraces  are  almost  always  level-topped,  and  bounded  at  the 

*  It  wiU  be  seen  that  these  tenns  are  adopted  from  Prof.  James  D.  Dana,  who 
has  given  much  attention  to  surface  geology,  and  has  brought  into  due  promi- 
nence the  abundant  deposition  of  drift,  both  stratified  and  unstratifled,  during  the 
Champlain  period.  See  this  Journal,  III,  v,  p.  198 ;  x,  pp  168,  280,  363,  409  and 
497.  These  divisions  of  Quaternary  time  are  well  marked  in  New  England,  and 
apparently  in  all  countries,  which  have  been  overspread  by  ice.  They  are  dis- 
tinctly characterized  as  successive  periods  of  glaciation,  deposition  and  erosion. 
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face  by  a  st^ep  escarpment ;  and  their  appearance  is  sometimes 
very  striking,  and  even  grand,  as  they  rise  in  gigantic  steps  on 
the  side  of  the  valley,  sh«,ped  with  a  smoothness,  order  and 
beauty,  which  could  not  be  surpassed  by  art 

The  most  interesting  discovery  made  during  the  survey  of 
this  valley  is,  that  a  massive  gravel  ridge,  often  nearly  covered 
by  the  alluvium  of  the  highest  terraces,  extends  from  Lyme, 
N.  H.,  to  Windsor,  Vt,  a  distance  of  twenty-four  miles.  It  is 
principally  gravel,  always  waterworn,  the  largest  pebbles  be- 
ing one  to  two  feet  in  diameter,  with  occasional  layers  one  or 
two  feet  in  thickness  of  coarse  sharp  sand.  These  deposits  are 
very  irregularly  bedded,  and  a  section  always  shows  a  some- 
what anticlinal  stratification,  conforming  to  the  slopes  of  the 
ridge.  Its  height  is  150  to  250  feet  above  the  river,  by  whicli 
it  has  been  frequently  cut  through,  as  well  as  by  tributary 
streams.  This  ridge  occupies  nearly  the  middle  of  the  valley, 
and  as  the  river  has  cut  its  channel  through  the  alluvium,  this 
has  been  often  a  barrier  rising  steeply  upon  one  side  and  pro- 
tecting the  plains  behind  it.  In  two  or  three  places  it  has  been 
swept  away  by  the  river  for  a  distance  of  one  half  mile  to  one 
mile,  and  below  these  places  the  terraces  show  by  their  coarse- 
ness that  the  ridge  has*  supplied  a  portion  of  their  material. 
Similar  ridges  of  gravel  have  been  often  described  by  European 
geologists,  under  the  various  names  of  kames  in  Scotland, 
eskers  in  Ireland,  and  asar  in  Sweden.  They  have  also  been 
described  by  geologists  in  many  portions  of  the  northern 
United  States.  In  both  the  Connecticut  and  Merrimack  Val- 
leys they  extend  long  distances,  but  have  hitherto  escaped  no- 
tice, owing  to  the  large  amount  of  levelly  stratified  aUuviura, 
forming  the  conspicuous  terraces  and  plains,  by  which  these 
underlying  gravel  ridges,  or  kames,  are  often  nearly  concealed. 
The  kames  are  thus  shown  by  their  position  to  be  the  oldest  of 
our  modified  drift  deposits. 

The  series  of  kames  already  mentioned  lie  along  the  middle 
or  lowest  part  of  the  valleys,  which  are  bordered  by  high  ranges 
of  hills  ;  out  in  the  southeast  part  of  New  Hampshire,  in  some 
parts  of  Maine,  and  in  eastern  Massachusetts,  where  there  are 
only  scattered  hills,  with  the  valleys  not  much  below  the  gen- 
eral level  of  the  country,  these  ridges,  of  smaller  size  than  in 
the  great  valleys,  are  found  extending  usually  north  and  south 
without  special  regard  to  the  present  water-courses. 

The  origin  of  the  kames  has  been  a  question  much  discussed 
by  European  geologists,  and  the  theory  commonly  accepted  on 
both  sides  of  the  Atlantic  was,  that  they  were  heaped  up  in 
these  peculiar  ridges  and  mounds  through  the  agency  of  marine 
currents  during  a  submergence  of  the  land.  Even  if  such 
ridges  could  be  formed  by  this  cause  under  any  circumstances, 
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it  seemed  impossible  to  account  thus  for  the  kames  in  the  Con- 
necticut and  Merrimack  Valleys,  which,  being  bordered  on 
.both  sides  by  high  hills,  would  have  been  long  estuaries  open 
to  the  sea  only  at  their  mouths,  and  therefore  not  affected  by 
oceanic  currents.  From  the  position  of  these  peculiar  accumu- 
lations of  gravel,  which  are  overlain  by  the  horizontally  strati- 
fied drift,  the  date  of  their  formation  is  known  to  be  between 
the  period  when  the  ice-sheet  moved  over  the  land,  and  that 
closely  following,  in  which  this  more  recent  modified  drift  was 
deposited  in  the  open  valley  from  the  floods  that  were  supplied 
by  the  mtlting  ice.  We  are  thus  led  to  an  explanation  of  the 
kames,  which  seems  to  be  supported  by  all  the  facts, observed 
in  New  Hampshire,  and  which  appears  to  apply,  also,  to  the 
similar  deposits  which  have  been  described  in  other  parts  of  the 
United  States  and  in  Europe. 

At  the  beginning  of  the  Champlain  period,  or  final  melting 
of  the  great  ice-sheet,  its  nearly  level  surface  of  pure  ice  lay 
above  our  highest  mountains.  That  it  overtopped  Mt.  Wash- 
ington in  New  Hampshire,  has  been  recently  discovered  by 
Prof.  C.  H.  Hitchcock,  the  State  geologist,  who  has  found  trans- 
ported rocks,  and  shown  that  glacial  drift,  or  till,  underlies  the 
angular  blocks  at  the  summit.  The  melting  of  the  ice-sheet 
appears  to  have  taken  place  mostly  upon  the  surface,  which 
was  moulded  into  basins  and  valleys ;  and  near  the  terminal 
front  of  the  ice,  these  came  gradually  to  coincide  with  the  con- 
tour of  the  land.  Here  the  surface  of  the  ice  became  covered 
with  the  abraded  material  which  had  been  contained  in  its 
mass,  and  which  was  now  exposed  to  the  washing  of  its  innu- 
merable streams.  Its  finer  portions  would  be  commonly  carried 
away;  and  the  strong  current  of  the  rivers  which  would  be 
formed  near  the  terminal  front  of  the  ice-sheet  could  transport 
coarse  gravel  or  even  boulders  of  considerable  size.  In  the 
lower  part  of  their  channels,  while  still  walled  on  both  sides 
by  ice,  these  glacial  rivers  deposited  materials  which  had  been 
gathered  from  the  melting  glacier.  By  the  low  water  of  wipter 
layers  of  sand  would  be  formed,  and  by  the  strong  currents  of 
summer  layers  of  gravel,  often  very  coarse,  which  would  be 
very  irregularly  beaded,  here  sand  and  there  gravel  accumu- 
lating, and  without  much  order  interstratified  with  each  other. 
Sometimes  the  melting  may  have  been  so  rapid  that  theentire 
section  of  a  kame  may  show  only  the  deposition  of  a  single 
summer,  which  would  then  be  very  coarse  gravel  without 
layera  of  sand.  When  the  bordering  and  separating  ice-walls 
disappeared,  these  deposits  remained  in  the  long  ridges  of  the 
kames,  with  steep  slopes  and  irregularly  arched  stratification. 
Very  irregular  snort  ridges,  mounds,  and  enclosed  hollows  re- 
sulted from  deposition  among  irregular  masses  of  ice. 
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The  glacial  rivers  which  we  have  described  appear  to  have 
flowed  in  channels  upon  the  surface  of  the  ice-sheet;  and  the 
formation  of  the  kames  took  place  at  or  near  their  mouths,  ex- 
tending along  the  valleys  as  fast  as  the  ice-front  retreated. 
Large  angular  boulders  are  sometimes,  but  not  frequently, 
found  in  the  kames  or  upon  their  surface.  They  appear  to 
have  been  transported  by  floating  ice.  Their  rare  occurrence 
forbids  the  supposition  that  these  aeposits  were  formed  in  chan- 
nels beneath  the  ice-sheet,  from  which  many  such  blocks  must 
have  fallen  upon  the  kames. 

The  necessity  of  referring  the  formation  of  th^e  gravel 
ridges  to  glacial  rivers  became  apparent  during  the  exploration 
and  study  of  our  modified  drift  m  1875 ;  and  in  August,  1^76, 
this  was  announced  in  a  pape^r  "On  the  origin  of  Kames  or 
Eskers  in  New  Hampshire."*  In  this  essay  it  was  supposed 
that  these  rivers  more  commonly  had  their  course  beneath  the 
ice-sheet,  but  subsequent  examination  of  the  underlying  till 
shows  that  this  was  seldom  the  case,  and  that  the  kames  were 
deposited  in  channels  formed  on  the  surface  of  the  ice.  Prof. 
Otto  Torell,  of  Sweden,t  had  pointed  out  a  division  of  the  till 
into  two  members,  the  lower  characterized  by  its  blue  color, 
its  compactness  and  hardness  and  its  glaciated  stones ;  the 
upper  being  marked  by  a  yellow  and  reddish  color,  compara- 
tive looseness  of  the  mass,  and  its  angular  or  unworn  bowlders. 
This  division  is  found  throughout  New  Hampshire ;  there  being 
almost  always  a  definite  separation,  at  a  depth  varying  from 
two  or  three  feet,  as  is  most  common,  to  fifteen  or  twenty  feet, 
between  the  upper  and  lower  till.  It  should  be  added  that  the 
lower  till  in  a  majority  of  cases  has  no  distinct  blue  tint,  but  is 
dark  gray ;  being  always  somewhat  darker  than  the  upper  till, 
which  is  colored  by  ferric  oxide.  The  lower  till  may  be  dis- 
tinguished by  an  imperfect  cleavage  in  planes  parallel  to  the 
surface,  noticeable  wherever  an  excavation  has  been  for  a  short 
time  exposed  to  the  weather.  Before  this,  Professor  James  D. 
Dana  had  insisted  that  the*  deposition  of  a  great  part  of  the 
till  took  place  in  the  Champlain  period,  being  dropped  from  the 
melting  ice-sheet  This  suggested  the  origin  of  the  upper  till, 
and  an  explanation  of  its  ditference  from  the  lower  till ;  tfie 
latter  being  the  ground-moraine,  while  the  former  appears  to 
have  been  material  contained  in  the  body  of  the  ice-sheet,  and 
allowed  to  fall  loosely  on  the  surface  when  this  melted.  As 
the  kames  overlie  both  members  of  the  till,  they  plainly  were 
deposited  in  superficial  ice-channels.:]: 

*  Proceedings  of  the  American  Association  for  the  Adyancement  of  Sdenoe, 
voL  XIV. 

ISee  this  Journal,  III,  xiii,  p.  71. 
Similar  conclusions  respecting  the  origin  of  the  kames  had  been  reached  by 
other  observers,  but  were  unknown  to  me  when  my  views  were  proposed  in 
August,  18*76.    Probably  the  flrst  of  these  was  Professor  N.  H.  Wlnchell,  State 
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When  the  glacial  river  entered  the  open  valley  from  which 
the  ice  had  retreated,  its  current  was  slackened  by  the  less  rapid 
descent,  causing  the  deposition  successively  of  its  gravel,  sand 
and  fine  silt  or  clay.  The  valleys  were  thus  filled  with  exten- 
sive and  thick  deposits  of  modified  drift,  which  took  the  same 
slope  with  the  descending  floods,  increasing  in  depth  in  the 
same  way  that  additions  are  now  made  to  the  bottom-land,  or 
intervals,  of  our  large  rivers  by  the  annual  floods  of  spring. 

The  terraces  began  to  be  formed  as  soon  as  the  supply  of 
material  became  insuflScient  to  fill  the  place  of  that  excavated 
by  the  river.  We  must  suppose  that  this  process  of  erosion 
was  slow,  allowing  the  river  to  continue  for  a  long  time  at 
nearly  the  same  level,  undermining  and  wearing  away  its  bank 
on  one  side,  and  depositing  the  material  on  the  opposite  side, 
till  a  wide  and  nearly  level  lower  flood-plain  would  be  formed, 
bordered  on  both  sides  by  steep  terracea  When  the  current 
became  turned  to  wear  away  the  bank  in  the  opposite  direction, 
a  large  portion  of  this  new  flood-plain  would  be  undermined 
and  re-deposited  at  a  lower  level ;  but  the  direction  of  the  cur- 
rent's wear  might  be  again  reversed  in  season  to  leave  a  narrow 
strip,  which  would  then  form  a  lower  terrace. 

In  placing  theories  before  our  description  of  this  valley,  their 
first  order  has  been  reversed,  since  these  explanations  have  been 
arrived  at  or  confirmed  by  long  study  of  these  deposits  in 
this  valley  and  throughout  New  Hampshire. 

The  sources  of  Connecticut  river  are  a  series  of  four  lakes, 
the  highest  of  which,  covering  only  a  few  acres,  is  2,650  feet 
above  the  sea.  The  lowest  of  the  series  is  Connecticut  Lake, 
three  square  miles  in  area,  1,618  feet  above  the  sea.  Heights 
of  the  river,  with  distances  from  Connecticut  Lake,  are  as  fol- 
lows :  Mouth  of  Hairs  stream,  15  miles,  1,085  feet  above  sea ; 
at  Colebrook,  24  miles,  1,010 :  at  North  Stratford,  87  miles, 
891 ;  at  Groveton,  49  miles,  864;  at  Lancaster,  56  miles,  885 ; 
mouth  of  John's  river,  68  miles,  830;  at  Upper  Waterford,  74 

Geologist  of  Minnesota,  who  held  this  opinion  as  early  as  1872.  See  Proc.  Amer. 
Assoc,  for  Adv.  of  Science,  vol.  xxi,  1872,  p.  166 ;  Geology  of  Minnesota,  First 
Annual  Report  (for  1872),  p.  62;  and  same,  Report  for  1873,  p.  194.  In  the  re- 
vised edition  of  Geikie's  Great  Ice  Age,  published  in  London  in  the  winter  of 
1876-77,  this  distinguished  glaciallst  retracts  his  former  opinion  that  the  kames 
were  heaped  up  by  marine  currents,  and  attributes  their  formation  to  sub-glacial 
rivers.  See  work  cited,  pp.  217,  237,  240,  243,  and  478.  By  p.  414  it  appears 
that  this  theory  was  first  proposed  by  Mr.  D.  Hiunmel  of  the  geological  survey  of 
Sweden,  in  1874 ;  and  on  page  415  allusion  is  made  to  a  recent  paper  by  Dr.  N. 
0.  Hoist,  also  of  Sweden,  in  which  the  kames  have  been  explained  in  &e  same 
manner  as  in  this  article.  On  pp.  49  and  60  large  rivers  are  mentioned  as  having 
been  observed  in  summer  upon  the  surface  of  Arctic  glaciers.  These  would 
be  formed  on  a  grander  scale  in  the  Champlain  period,  when  the  melting  of  the 
ice  appears  to  have  been  much  more  extensive  and  rapid  than  is  anywhere  to  be 
seen  at  the  present  day.  The  small  sub-gladal  tunnels  which  probably  existed 
through  the  glacial  period,  would  be  insufficient  to  discharge  these  increased 
floods,  and  would  become  obstructed  by  the  detritus  which  they  brought 
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miles,  674;  mouth  of  Passumpsic  River,  83  miles,  460;  at 
Wells  liiver,  95  miles,  407 ;  at  Hanover,  180  miles,  873 ;  at 
White  River  Ju notion,  134  miles,  333;  at  Windsor,  146  miles, 
304;  at  Bellows  Falls,  170  miles,  fall  from  283  to  234;  at 
Brattleboro',  192  miles,  200  ;  at  South  Vernon  (Massachusetts 
line),  202  miles,  180. 

The  general  course  of  the  river  to  the  mouth  of  HalFs 
stream  is  S.  60°  W.  Hi^h  wooded  hills  border  the  valley 
which  is  destitute  of  modified  drift  for  half  of  the  way.  The 
largest  alluvial  area  is  on  Indian  stream,  and  the  highest  ter- 
races are  of  coarse  gravel,  30  to  40  feet  above  the  river. 

From  the  mouth  of  Hall's  stream  to  that  of  John's  River,  at 
the  head  of  Fifteen-miles  Falls,  the  general  course  is  S.  13"*  W., 
with  a  descent  in  nearly  fifty  miles  of  only  265  feet,  one-fifth 
of  which  takes  place  in  the  first  two  miles,  and  two-fifth^  more 
in  the  nine  miles  between  Columbia  bridge  and  North  Stratford. 
Below  the  first  two  miles  the  modified  drift  is  continuous 
along  this  whole  distance ;  and,  including  both  siJes,  it  is 
usually  a  haU'  mile  to  one  and  a  half  miles  wide.  It  is  very 
simple,  having  two  heights,  and  consisting  of  the  present  flood- 
plain,  bordered  by  remnants-of  that  which  filled  the  valley  in 
the  Champlain  period.  This  ancient  flood-plain  is  represented 
by  a  lateral  terrace  of  sand  or  fine  gravel,  from  40  to  120  feet 
above  the  river,  usually  remaining  at  both  sides,  and  in  many 
places  forming  considerable  plains. 

At  Colebrook  we  find  an  interesting  gravel  ridge  or  kame, 

Portions  of  which  remain  north  of  the  junction  of  Beaver 
rook  and  Mohawk  River,  but  most  noticeably  west  of  the  vil- 
lage, extending  nearly  a  mile  parallel  with  the  river.  Its 
height  is  about  seventy  feet  above  the  river,  and  fifty  above 
the  low  alluvium  on  each  sida  Its  material  is  the  same  as 
that  of  the  long  kame  farther  south  in  this  valley,  being  prin- 
cipally coarse  water-worn  gravel,  with  abundant  pebbles  six 
inches  to  one  foot  in  diameter.  In  Stratford  and  Brunswick 
both  heights  of  the  alluvium  are  well  shown,  the  highway  be- 
ing on  the  upper  terrace  and  the  railroad  on  the  meadow.  At 
Lancaster  the  upper  terrace  of  Connecticut  River,  is  only  fifteen 
or  twenty  feet  above  the  present  flood-plain.  The  only  higher 
modified  drift  has  been  brought  down  by  tributaries.  Part  of 
Lancaster  village  is  built  on  one  of  these  deltas,  formed  by 
Israel's  River  on  its  south  side,  fifty  feet  above  the  terrace  of 
the  main  valley.  This  delta  sloped  rapidly  westward,  and 
formerly  occupied  the  whole  area  of  the  village ;  a  portion  of 
it,  twenty  feet  lower  than  the  former,  remains  at  the  cemetery 
opposite  the  court-house. 

feetween  South  Lancaster  and  Fifteen-miles  Falls  the  broad 
river-plain  is  unterraced.     It  seems  probable  that  a  lake  ex- 
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isted  here  while  the  origiual  high  plain  northward  was  being 
deposited.  When  this  was  channelled  out  bj  the  river,  so  as 
to  leave  only  terraces  as  we  now  see  them,  the  materials  exca- 
vated were  sufficient  to  fill  up  the  lake.  It  would  be  interest- 
ing to  know  the  depth  of  the  stratified  drift  in  this  basin;  it 
is  probably  deeper  than  the  height  of  the  highest  terraces  north- 
ward above  the  river. 

From  the  mouth  of  John's  River,  the  Connecticut  has  a  rapid 
descent  for  twenty  miles,  falling  from  830  to  460  feet  above 
the  sea.  Its  general  course  is  deflected  to  S.  70°  W.  along  this 
iHstance,  beyond  which  the  direction  of  the  upper  is  again  fol- 
lowed in  the  lower  valley,  with  but  slight  deviation,  to  Massa- 
chusetts line.  The  iioticeable  features  of  the  valley  along 
these  rapids  are,  that  it  is  deep  and  narrow,  with  sloping  sides 
of  till,  and  destitute  of  the  level  alluvial  terraces  and  intervals 
which  occupy  a  large  width  everywhere  else  along  the  river. 
Where  any  modified  drift  does  occur,  it  is  coarser  than  usual, 
being  generally  gravel,  sometimes  imperfectly  rounded  or 
water-worn,  and  its  surface  has  commonly  an  irregular  slopa 
The  river  ffows  in  a  nearly  continuous  descent  over  coarse  till, 
showing  abundant  bowlders,  but  with  scarcely  any  exposure  of 
solid  ledges.  The  falls  farther  south  are  produced  by  ledges;  " 
and  the  channel,  except  at. such  falls,  is  composed  of  gravel, 
sand  or  silt,  which  is  also  the  case  along  fhe  nearly  level  upper 
valley.  The  irregular  surface  left  by  the  ice  has  been  here  re- 
duced to  a  channel  of  nearly  regular  slope  with  no  abrupt  falls, 
cut  through  the  till,  which  still  covei*s  the  ancient  bed  in  which 
the  river  flowed  before  the  glacial  period. 

In  a  direct  distance  of  119  miles  from  the  mouth  of  Pas- 
sumpsic  River,  which  is  near  the  foot  of  these  rapids,  to  the 
Massachusetts  line,  the  river  flows  137  miles,  descending  from 
460  to  180  feet  above  the  sea,  or  two  feet  to  the  mile.  The  prin- 
cipal faUs  in  this  distance  are  Beard's  falls,  at  Barnet,  five  feet; 
McIndoe*s  falLs,  ten  feet;  Dodge's  falls,  three  and  a  half  miles 
south,  five  feet;  at  Woodsvi lie,  about  ten  feet ;  White  River 
falls,  between  Hanover  and  White  River  Junction,  thirty-five 
feet;  Sumner's  or  Quechee  falls,  two  miles  below  the  mouth 
of  Quechee  River,  five  feet :  and  Bellows  Falls,  forty-nine  feet, 
— making  a  total  of  119  feet,«nd  leaving  an  average  descent, 
excluding  falls,  of  one  and  one-sixth  feet  per  mila 

The  modified  drift  of  this  lower  valley  is  everywhere  well 
developed,  and  occurs  in  extensive  terraces  and  various  heights, 
three  or  four  often  on  each  side,  the  upper  one  being  usually 
from  150  to  200  feet  rfbove  the  river,  while  the  lowest  is  the 
interval  or  meadow.  The  largest  plains  are  expanses  of  the 
upper  terrace  or*of  still  higher  tributary  deltas.  These  areas 
are  generally  of  a  clayey,  moist,  productive  soil  quite  in  con- 
Am.  Joun,  8ci.— Third  Sbbiss,  Vol.  XIV,  No.  84.— Dso.,  1877. 
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trast  with  the  dry  sandy  plains  of  Merrimack  River  and  other 
parts  of  New  Hampshira  The  most  extensive  intervals  or 
meadows  are  between  Woodsville  and  Bradford,  twelve  miles 
long  and  one  half  to  one  mile  wide,  including  the  Lower  Coos 
intervals  of  Newbury,  Haverhill  and  Piermont;  and  in  Charles- 
town  and  Bockingbam,  six  miles  long  and  half  a  mile  wide 
In  addition  to  these,  smaller  areas,  up  to  a  mile  or  more  in 
length  and  a  few  rods  to  a  half  mile  wide,  are  of  common 
occurrence.  These  bottom-lands  are  very  fertile,  being  com- 
posed of  the  finest  silt,  and  enriched  every  year  by  a  coating  of 
mud  from  the  turbid  freshets  of  Spring.  Many  of  the  lower 
terraces  which  are  not  ovei^flowed  are  of  the  same  material ; 
but  the  higher  terraces  usually  show  some  intermixed  sand  or 
fine  gravel 

The  greatest  widths  of  modified  drift  that  can  be  measured 
in  this  valley  on  the  west  side  of  New  Hampshire,  are  in  Haver- 
hill and  Newbury,  two  miles,  and  in  Hinsdale  and  Vernon,  two 
and  a  half  miles  wide.  The  average  width  is  fully  one  mile. 
The  narrowest  places  are  at  Shawns  Mountain,  near  the  south 
line  of  Bradford,  and  at  Barber's  Mountain,  in  Claremont,  both 
of  which  occupy  the  middle  of  the  valley,  with  narrow  belts  of 
alluvium  on  each  side;  at  the  west  side  of  Eattl^nake  Hill, 
Charlestown ;  and  at  the  south  end  of  Wantastiquit  Mountain, 
below  Brattleboro*.  We  do  not  discover,  however,  at  these 
places  or  elsewhere,  anv  evidence  of  former  barriers,  which 
could  have  made  the  valley  a  series  of  lakes.  The  vast  amounts 
of  modified  drift  which  accumulated  here  appear  to  have  been 
rapidly  deposited  from  the  immense  flooas  supplied  by  the 
melting  ice-sheet  Such  deposits,  for  which  there  appears  no 
other  adequate  cause,  should  rank  with  the  till,  strise  and 
embossed  ledges,  as  proof  of  a  former  continental  glacier. 

At  Woodsville  a  great  depth  of  material  was  brought  into 
the  valley  by  the  Lower  Ammonoosuc  and  Wells  RiversL  The 
former  stream  has  cut  its  channel  200  feet  deep  through  its 
delta,  wide  areas  of  which  still  remain  on  both  sidea  An  old 
outlet  of  Wells  River  mav  be  seen  on  its  north  side,  one  mile 
above  its  mouth,  occupied  at  the  close  of  the  ice-period  until  it 
cleared  away  a  hundred  feet  or  more  of  modified  drift  from  the 
pre-glacial  rocky  bed  in  which  it  now  flows.  A  well  marked 
kame  occurs  here,  commencing  in  Bath  half  a  mile  northwest 
from  the  Narrows.  It  has  been  cut  through  by  the  river,  and 
appears  on  the  east  side  of  the  railroad  at  and  above  the  junc- 
tion, and  again  at  the  southwest  side  of  Wells  River  Depot, 
being  more  than  a  mile  long.  It  is  composed  of  coarse  gravel 
and  sand,  anticlinally  stratified,  with  varying^height  from  80  to 
150  feet  above  the  river.  It  is  well  stown'  by  cuttings,  but 
otherwise  might  escape  notice,  as  most  of  it  is  partially  or 
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wholly  concealed  by  the  ordinary  alluvium.  In  the  twenty- 
four  miles  from  Wells  River  to  Lyme  no  similar  ridge  is  fqund. 

In  Thetford  and  Lyme  we  come  to  an  abrupt  change  in  the 
height  of  the  upper  terrace-plain.  This  slopes  in  thirty-three 
miles  between  the  mouth  of  Passumpsic  River  and  the  south 
line  of  Orford,  from  650  to  440  feet  above  the  sea,  ffraduallv 
declining  from  190  to  only  60  feet  above  the  river.  At  North 
Thetford  this  line  of  the  highest  terrace  suddenly  rises  to  525, 
and  in  a  mile  and  a  half  farther  south  to  546  feet  This  forma- 
tion is  well  shown  through  Thetford,  with  remnants  in  Lyme, 
and  continues  well  developed  and  nearly  level  for  twenty-five 
miles  to  Windsor,  varying  from  560  to  600  feet  above  the  sea, 
and  from  150  to  220  feet  above  the  river.  It  forms  extensive 
terraces  or  plains  on  one  or  both  sides  along  the  whole  distance 
and  is  clearly  the  original  flood-plain  of  the  river.  Frequent 
delta-terraces  rise  above  it,  sometimes  100  feet  higher,  being 
more  than  800  feet  above  the  present  river  channel  It  is  a 
notable  coincidence,  that  along  this  same  distance  we  have  a 
continuous  kame,  occupying  the  center  of  the  valley,  commonly 
risingfc  somewhat  above  the  highest  plain,  but  not  seldom  en- 
tirely covered  by  it.  Super-position  and  conformable  stratifica- 
tion show  the  fine  material  of  the  terrace-plain  to  have  been 
deposited  upon  this  kame  or  gravel  ridge,  which  beforehand 
extended  like  a  windrow  along  the  empty  valley.  To  the  south 
from  Windsor  the  highest  terrace  shows  a  somewhat  regular 
slope,  descending  with  the  river,  and  preserving  a  height  about 
150  feet  above  it. 

This  high  and  continuous  flood-plain,  extending  from  Thet- 
ford to  Massachusetts  line,  seems  to  have  been  formed  during 
a  gradual  and  slow  melting  of  the  ice  along  this  distance.  It 
would  appear  that  the  greater  part  of  the  depth  of  ice,  as  far 
northwara  as  to  the  Passuthpsic  River,  had  been  melted  in  the 
last  part  of  this  time,  sending  down  its  floods  laden  with  gravel 
to  form  the  kame.  A  comparatively  shallow  mantle  of  ice 
remained,  and  when  the  melting  advanced  to  the  north  from 
Thetford  and  Lyme  this  disappeared  too  rapidly  to  give  time 
for  the  formation  of  a  kame,  or  the  deposition  of  a  high  flood- 
plain. 

In  Norwich  we  find  an  interesting  example  of  a  well  marked 
ancient  river-bed  high  above  its  present  level.  This  extends 
two  miles  from  Pompanoosuc  River,  one-third  of  a  mile  above 
its  mouth,  to  the  bend  of  Connecticut  River  a  half  mile  south 
of  Tilden  pond,  which  occupies  a  depression  of  this  old  channel. 
Its  highest  point,  from  which  there  is  a  gradual  descent  both 
ways,  IS  520  feet  above  the  sea  or  146  feet  above  the  river.  On 
the  east  side  of  this  ancient  channel  is  the  steep  gravel  kame, 
which  for  a  while  turned  the  Pompanoosuc  River  in  this  course, 
till  a  direct  passage  was  cut  through  its  ridge. 
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Two  miles  north  of  HaDover  the  Connecticut  River  has  cut 
through  the  kame,  and  thence  flows  close  on  its  west  side  to 
White  River  Falls.  Along  this  distance  of  four  miles  we  find 
the  high  plain  well  developed  in  New  Hampshire,  averaging 
three-fourths  of  a  mile  wida  Hanover  common,  546  feet  above 
the  sea,  and  172  above  the  river,  represents  its  greatest  altitude. 
In  digging  the  first  well  at  this  place  (near  the  residence  of  Pro- 
fessor H.  E.  Parker),  a  large  log  was  found  in  this  alluvium  forty 
feet  below  the  surface,  but  no  prospect  of  water,  which  caused 
this  site,  selected  for  the  buildings  of  Dartmouth  Collie,  to  be 
abandoned,  and  led  to  their  location  farther  east,  upon  coarse 
glacial  drift  This  log  shows  that  the  glacial  age  ha^  here  been 
succeeded  by  a  temperate  climate,  under  which  forests  grew  again 
upon  the  land ;  and  that  floods,  sent  out  freighted  from  the  melt- 
ing ice-sheet,  which  still  remained  farther  north  and  on  the  high- 
lands, brought  down  drifl-wood  to  be  juried  with  their  alluvium. 
It  was  not  till  considerably  later  that  the  river  ceased  its  work 
of  accumulation  and  began  to  cut  its  present  channel. 

Near  the  south  line  of  Lebanon,  east  of  Sumner's  Falls  in 
Plainfield,  and  at  several  places  in  Cornish,  we  find  bmiks  of 
sand,  or  dunes,  destitute  of  vegetation,  and  blown  in  drifts  by 
the  wind.  These  vary  in  height  from  a  few  feet  to  100  feet 
above  the  highest  terrace,  f rona  which  they  appear  to  have  been 
carried  up  by  the  prevailing  northwest  winds.  Southward 
through  New  Hampshire  they  are  found  in  maiw  places  on  the 
east  side  of  this  valley,  but  none  were  seen  in  Vermont 

From  Lyme  to  Windsor  we  find  a  continuous  gravel  ridge  or 
kame,  extending  twenty-four  miles  along  the  middle  of  this 
valley,  with  its  top  from  160  to  250  feet  above  the  river,  or  from 
500  to  600  feet  above  the  sea.  The  gravel,  which  always  forms 
the  principal  part  of  the  ridge,  varies  in  coarseness  from  layers 
with  peboles  only  one  or  two  inches  in  diameter,  to  portions 
where  the  largest  measure  one  and  a  half  or  two  feet  The 
finer  kinds  prevail ;  and  the  channels  of  brooks  cutting  through 
the  ridge  frequently  show  no  pebbles  exceeding  one  foot  in  size. 
All  the  materials  of  this  kame,  and  of  its  remnants  southward, 
are  plainly  water-worn  and  stratified. 

Large  and  unworn  bowlders,  which  could  not  have  been 
brought  in  the  same  way  with  the  gravel  and  sand,  occur  very 
rarely  upon  or  in  the  Connecticut  kame.  The  only  instance  of 
this  discovered  was  three  fourths  of  a  mile  south  of  Pompa- 
noosuc  Biver,  at  the  point  where  the  kame  reaches  its  greatest 
height  above  the  sea.  Two  angular  bowlders,  each  of  five  feet 
dimension,  were  found  here  at  the  top  of  the  ridge,  one  lying 
on  the  surface,  and  the  other  partly  imbedded.  Several  miles 
at  least  of  journey  on  foot  alons  the  top  of  this  ridge,  and  the 
examination  of  many  sections  where  the  river  or  its  tributaries 
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have  cut  through  it,  failed  to  reveal  other  bowlders  of  this 
kind. 

One  or  both  sides  of  this  kame  are  generally  covered  by  the 
alluvium  of  the  upper  terrace;  but  its  top  usually  projects  in 
a  long,  rounded  ridge,  10  to  30  feet  above  the  adjoining  highest 
plain.  At  one  place,  east  of  Hartland  Depot,  this  plain  has 
oeen  swept  away  from  both  sides,  and  the  kame  forms  a  con- 
spicuous steep  ridge  125  feet  in  height  Wherever  it  is 
exposed,  it  is  readily  recognized  by  the  pebbles  which  strew  its 
surface,  and  which  are  very  rarely  found  in  the  ordinary  modi- 
fied drift  of  the  valley. 

The  most  important  feature  of  this  kame,  if  we  compare  it 
with  others  in  NTew  Hampshire,  is,,  that  along  its  entire  extent 
it  constitutes  a  single  continuous  ridge,  which  runs  by  a  very 
direct  course  nearly  in  the  middle  of  the  valley,  having  no  out- 
lying spurs,  branches,  parallel  ridges,  or  scattered  hillocks  of  the 
same  material  associated  with  it  In  calling  it  continuous  from 
Lyme  to  Windsor,  however,  it  is  not  meant  to  imply  that  it  is 
now  entire,  since  it  has  been  frequently  cut  through  and  con- 
siderable portions  swept  away  by  the  main  river  and  by  tribu- 
tary streams;  but  that  so  much  of  it  remains  as  to  make  it 
certain  that  it  originally  formed  an  unbroken  ridge.  The  por- 
tions now  separated  by  gaps  always  lie  in  a  continuous  line. 

Probably  a  similar  ridge  once  existed  along  the  valley  south- 
ward, though  now  shown  by  only  a  few  fragments.  These 
occur  in  Charlestown  between  Springfield  Depot  and  the 
Cheshire  bridge ;  at  Bellows  Falls,  where  a  remnant  forms  the 
pine-covered  plateau,  used  as  a  picnic  ground,  in  the  north  part 
of  the  village ;  in  Dummerston,  a  third  of  a  mile  southwest  from 
the  depot ;  and  in  Bra^tleboro*,  at  the  north  side  of  West  River, 
lying  on  ledges  between  the  railroad  and  highway. 

Near  Bellows  Falls,  Cold  and  Sax  ton's  Rivers  have  brought 
down  large  amounts  of  modified  drift  seventv-five  feet  above 
the  normal  high  plain. '  The  delta  of  the  former  has  been 
eroded  so  far  as  it  occupied  the  main  valley,  but  the  escarp- 
ments thus  formed  remain  at  the  mouth  of  the  valley  of  Cold 
River,  from  100  to  200  feet  high..  On  the  south  side  of  Saxton's 
River  a  considerable  part  of  its  delta  remains,  and  the  upper 
terrace  is  increased  in  height  by  this  cause  for  two  miles  south. 
The  excavation  of  this  delta  by  Saxton's  River  has  formed  a 
raostjnterestingly  terraced  basin,  situated  less  than  a  mile  south 
from  Bellows  Falls  Junction.  On  both  sides  of  this  river,  and 
crossed  by  a  road,  is  an  interval  about  one  fourth  of  a  mile  in 
diameter.  Around  this  on  all  sides  are  ranged  terraces,  which 
rise  in  succession  like  the  seats  of  an  amphitheater,  the  highest 
on  the  northwest  being  220,  and  on  the  south  200  feet  above 
the  arena  below.     They  do  not,  however,  show  a  perfect  regu- 
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larity  either  in  correspondence  of  height  or  in  continaoos 
extent,  and  no  single  section  would  embrace  all  of  the  eight 
distinct  and  separate  terraces  which  were  noted  on  each  side  of 
the  river. 

The  most  extensive  plain  on  Connecticut  River  in  New 
Hampshire  or  Vermont^is  in  Hinsdale,  being  three  miles  long, 
with  a  width  decreasing  frpm  two  miles  to  two-thirds  of  a  mile. 
The  road  from  Hinsdale  to  Brattleboro'  passes  over  the  south 
end  of  this  plain.  Here  its  height  is  350  feet  above  the  sea,  or 
166  above  the  Connecticut  at  the  mouth  of  Asbuelot  River. 
It  is  mainly  composed  of  sand,  nearly  level,  but  with  a  slight 
slope  to  the  west  and  south,  being  as  usual  towards  the  river 
and  in  the  direction  of  its  course.  Its  northern  portion  changes 
to  gravel  which  becomes  coarse  on  the  southeast  side  of 
Wantastiquit  Mountain,  containing  pebbles  one  foot  or  some- 
times a  foot  and  a  half  in  diameter.  The  position  and  slope  of 
this  plain  show  that  it  was  not  deposited  wholly  from  currents 
of  the  main  valley,  but  that  a  considerable  portion  was  con- 
tributed from  the  melting  of  the  ice-sheet  east  of  this  mountain. 


Art.  L. — Descriptions  of  two  new  species  of  Fishes  {Macrurus 
Bairdii  and  Lycodes  Verrillii)  recently  discovered  by  the  U,  H 
Fish  Commission^  with  notes  upon  the  occurrence  of  several 
unusual  forms ;  by  Q.  Brown  Goodb  and  Tarlbtok  H 
Beak. 

•  Among  the  many  interesting  discoveries  made  during  the 
present  summer  by  the  Uni tea  States  Fjsh  Commission  (Prof 
S.  F.  Baird,  Commissioner)  is  that  of  a  species  of  Macrurus 
believed  to  be  undescribed.  A  single  specimen  was  taken  in 
a  trawl  net,  August  19,  1877,  on  the  voyage  of  the  U.  S.  Steamer 
"  Speedwell"  from  Salem  to  Halifax.  It  was  found  in  the 
Gulf  of  Maine,  forty-four  miles  from  Cape  Ann  (east  J  south) 
in  160  fathoms,  muddy  bottom  (locality  85).  Two  members 
of  this  fcimily  are  included  by  Professor  Gill  in  his  Catalogue  of 
the  Fishes  of  the  East  Coast  of  North  America  (Washington, 
1873).  One,  Ooryphcenoides  norvegicus,  has  been  recorded  only 
from  Greenland  and  the  northern  and  western  coasts  of  Nor- 
way. The  other,  Macrur>Ls  rupesirfs,  has  much  the  same^  geo- 
graphical range:  a  fish  found  noating  at  sea  near  Gravesend, 
N.  1.,  in  1876,  and  now  in  the  U.  S.  National  Museupa,  has 
been  identified  with  this  species. 

The  genus  Macrurus,  auct,  has  been  subdivided  into  three, 
viz:  Macruru-\  Coryphienoides  and  Malacocephalus.  The  most 
important  diagnostic  character  given  by  Dr.  Qiinther  as  sepa- 
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rating  Miacrurus  from  the  other  genera  is  the  joining  of  the 
ridge  of  the  suborbital  ring  to  the  angle  of  the  preoperculum 
as  in  Scorpcenidce  and  CoUidce.  This  character  does  npt  hold 
good  in  the  species  here  under  consideration,  which  in  all  other 
respects  agrees  with  Macrurtis,  as  defined  in  Giinther's  Cata- 
logue of  Fishes  in  the  British  Museum. 

The  closest  aflSnities  of  Macrurus  Bairdii  are  with  M.  sclerorkyn- 
chus,  described  by  Valenciennes  from  the  Canary  Islands.  Its 
relations  to  this  species  and  to  the  other  representatives  of  the 
family  in  North  America  are  shown  in  the  following  table : 


• 

Mdorunu  Bairdii, 

Macrurus 
8Mrorhynchu8, 

r^pestiria. 

norvogicua. 

Snout. 

Sharp,   coDical, 
quadrate,  shorter 
than  eye,  less  than 
one-third  of  head. 

Sharp,  trihedral 
shorter  than  eye, 
which  is  two  fifths 
of  head. 

Sharp,   trian- 
gular, as  long  as 
eye. 

Obtuse,    ob- 
liquely truncat- 

First  DonaL 

Second    spine 
denticulated  from 
base  to  tip,  not  ex- 
tending to  origin 
of  second  dorsiU. 

Second     spine 
denticulated,    ex- 
tending   i^    be- 
yond origin  of  sec- 
ond dorsal      * 

First     spine 
denticulated  on- 
ly towards  the 
top. 

First     roine 
denticulated  an- 
teriorly. 

Veat 

Under    middle 
of  first  dorsal 

Behind  vertical 
from  last  ray  of 
first  dorsal 

Behind  vertical 
from    origin  of 
second  dorsal 

Before  vertical 
from  origin   of 
second  dorsal 

8cdU$, 

Trcmavene 
Tomofseaks 

Spiny.    Median 
row     of     spines 
forming  keel  upon 
scales  of  head  and 
upper       anterior 
portion  of  body. 

6  +  19  or  20. 

Spiny.    Median 
row     of     spines 
forming  keel 

5  +  21  or  23. 

Each  wiiai  a 
strong  longitud- 
inal keel  termi- 
nating in  a  point 

6  + 

Spiny,  without 
keel 

4  or  6  +  . 

BadicU 
fcrmuUB, 

D.  n.  11.  137. 
A.  120. 
V.  7. 

n.  9  or  11.  87. 
72. 

11.  124. 

148. 

8. 

11  +  . 

8. 

Macru/nis  Bairdii^  sp.  nov. 

Extreme  length  of  specimen  described,*  0*296  m.  (11*7 
inches).  Body  tapering  from  first  dorsal  to  tip  of  tail,  much 
compressed  posteriorly,  its  greatest  height  over  origin  of  pec- 
torals (0037  m.)  .contained  eight  times  in  length ;  its  greatest 
width  at  same  point  (0*022  m.),  contained  18  times  in  length. 

Scales  irregularly  polygonal,  the  free  portions  covered  with 
transparent,  vitreous  spines,  arranged  in  from  ten  to  twelve 
irregular  longitudinal  rows.  On  head,  and  upper  part  of  body, 
in  advance  of  first  dorsal,  the  median  row  of  spines  is  the  most 
prominent,  and  presents  the  appearance  of  a  low  median  keel. 

Lateral  line  nearly  straight,  formed  by  a  smooth  groove 
which  replaces  two  or  three  median  rows  of  spines  of  each 
*Oat  No.  U.  a  National  Museum,  21,014. 
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scale.  Number  of  scales  in  lateral  line,  162;  six  transverse 
rows  abojre  it,  and  nineteen  or  twenty  rows  below  it,  conn  ting 
from  vent  obliquely  backward. 

Head. — Greatest  length  (0*045  m.)  equals  distance  between 
first  and  twenty-third  anal  rays,  and  is  contained  six  and  one- 
half  times  in  extreme  length.  Greatest  height,  at  posterior 
margin  of  orbit,  (0*028  m.)  greater  than  width  at  same  point 
(0*028  m.),  and  contained  one  and  four-seventh  times  in  length 
of  head.  Width  of  interorbital  area  (0"012  m.)  equal  to  verti- 
cal diameter  of  orbit  (0*012  m.),  and  almost  equal  to  length  of 
snout  (0018  m.)  and  length  of  maxillary  (0*018  m.).  Length 
of  post-orbital  region  (0*017  m.)  about  equal  to  horizental 
diameter  of  orbit  (0016  m.).  Length  of  operculum  (0*007  m.) 
about  half  the  length  of  mandible  (0*016  m.). 

Snout  shai-p,  a  frout  view  presenting  four  ridges  radiating 
from  tlie  tip  at  right  angles  to  each  other,  the  lower  one  bein^ 
merelv  a  fold  in  the  skin  of  the  under  surface  of  the  head. 
The  horizontal  ridges  are  continued  into  the  ridges  upon  the 
suborbitals.  Bidge  extending  backward  from  tip  of  snout  upon 
top  of  head  is  lost  in  the  iriterorbital  space.  Branches  of  the 
horizontal  ridges  are  continued  upon  the  upper  margins  of 
orbits,  and  there  disappear.  Nostnis  immediately  in  front  of 
orbit,  the  posterior  pair  much  the  longer. 

Mouth  situated  entirely  on  lower  side  of  head  ;  symphysis  of 
lower  jaw  in  vertical  from  anterior  margin  of  orbit,  and  articu- 
lations of  mandibles  in  vertical  from  posterior  margin  of  orbit; 
width  of  cleft  of  mouth  (0*012  m.)  equal  to  distance  between 
symphysis  of  maxillaries  and  line  connecting  their  articulations. 
Upper  iaw  protractile  vertically.     Barbel  0*005  m.  in  length. 

Teeth  conical,  somewhat  i*ecurved,  of  nearly  uniform  size, 
.arranged  in  villiform  bands.    Palate  smooth. 

Distance  of  first  dorsal  froip  snout  (0*067  m.)  about  four 
times  the  length  of  its  base  (0*014  m.),  and  from  anterior  mar- 
gin of  orbit  equal  to  length  of  head.  First  spine  very  short 
(0*002  m.),  not  much  longer  than  the  teeth  ot  second  spine. 
Second  spine  in  length  (0*082  m.)  twice  horizontal  diameter  of 
orbit,  stout,  its  anterior  margin  armed  from  base  to  tip  with  fif- 
teen teeth  pointing  upward,  the  lippermast  being  longest  and 
most  slender :  its  length  to  tip  of  filament  (0*087  m.)  is  almost 
equal  to  distance  from  origin  of  first  to  origin  of  second  dorsal 
(0*088  m.),  this  tip  when  laid  back  reaching  almost  to  second 
dorsal.  Bays  decreasing  regularly  in  length  so  that,  when  the 
fin  is  upright,  its  shape  approximates  that  of  a  right  angled 
triangle,  the  hypothenuse  of  which  is  the  second  dorsal  spine 
and  its  perpendicular  side  a  line  touching  the  tips  of  the  rays. 

Length  of  base  of  second  dorsal  (0*204  m.)  less  than  that  of 
the  anal,  its  origin  over  the  80th  scale  of  lateral  line.    Length 


Digitized  by  VjOOQIC 


Ooode  and  Bean — Two  new  species  (tf  Fishes,  478 

of  longest  ray  (in  posterior  third)  0*004  m.,  which  is  less  than 
length  of  barbel.  All  rays  very  feeble.  Membrane  scarcely 
perceptible. 

Distance  of  anal  from  snoot  (0*070  m.)  three  and  four-fifth 
times  in  its  length  of  base,  its  origin  under  18th  scale  of 
lateral  lina  Length  of  first  ray  (0*006  m  )  one-half  the  length 
of  tenth  ray  (0*012  m.),  and  three  times  the  length  of  last  ray 
(0*002  m.),  the  length  of  rays  increasing  to  a  point.beneath  ante- 
rior part  of  first  dorsal,  and  thence  gradually  decreasing  to  tip 
of  tail. 

Distance  of  pectoral  from  snout  (0*048  m.)  four  times  width 
of  interorbital  area ;  its  length  (0*029  m.)  twice  the  length  of 
mandible.  Insertion  above  the  middle  of  the  depth  of  the 
body,  on  a  level  with  center  of  orbit,  its  third  ray  longest,  its 
tip  reaching  to  vertical  from  base  of  fourth  anal  ray. 

Insertion  of  ventral  behind  pectoral  and  almost  under  that 
of  first  (Jorsal ;  its  distance  from  snout  (0*058  m.)  slightly  ex- 
ceeding twice  its  length  (0*026  m.).  Tip  of  ventral  filament 
reaches  to  base  of  third  anal  ray. 

Radial  formula :  D.  H,  11.  187  ;  A.  120  ,*  P.  15 ;  V.  7. 

Color :  Ground  color,  light  brownish  gray ;  under  parts,  sil- 
very;  belly,  darker,  bluish.  Under  surface  of  snout,  pink,  as 
is  also  the  first  dorsal  except  spines.  Spines  of  dorsal,  ventral 
and  anterior  anal  rays,  ^lackish.  Throat,  branchiostegal  mem- 
brane and  isthmus,  rich  deep  violet.  Sclerotic  coat,  green. 
Eyes,  very  dark  blue. 

Spermaries  well  developed,  but  milt  not  mature.  Individ- 
ual apparently  adult 

This  species  is  dedicated  to  Professor  Spencer  F.  Baird,  LL.D., 
Assistant  Secretary  of  the  Smithsonian  Institution,  Director  of 
the  U.  S.  National  Museum  and  U.  S.  Commissioner  of  Fish 
and  Fisheries. 

Another  interesting  form  is  a  species  of  Lycodes  taken  in  the 
trawl  thirty  miles  south  of  Cape  Negro,  N.  S.  (localities  44  and 
45),  in  ninety  fathoms,  fine  sand  and  mud  bottom,  and  twenty- 
seven  miles  south  of  Chebucto  Head,  Halifax,  (locality  83)  101 
fathoms,  fine  sandy  mud.  Five  specimens  (Cat  No.  U.  S.  Nat 
Mus.  21,018)  were  taken  in  the  first  locality  and  One  (No. 
21,015)  in  the  latter. 

Eleven  species  of  this  genus  have  been  described,  eight  of 
which  are  found  in  arctic  seas,  three  in  antarctic,  the  latter  be- 
ing separated  by  Dr.  GUnther  into  a  distinct  section  of  the 
genus.  The  form  under  consideration  is  distinguished  by  (1) 
its  elongated  form,  which  it  shares,  with  L.  Sarsii;  (2)  the 
great  proportional  length  of  the  maxillaries ;  (8)  by  the  presence 
and  arrangement  of  scales ;  (4)  by  various  proportions  of  parts 
which  distinguish  it  from  one  or  all  the  allied  species ;  (5)  the 
presence  of  Sve  rays  in  the  ventral  fin,  and ;  (6)  by  coloration. 
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Lycodes  VerriUiiy  sp.  nov. 

The  extreme  length  of  specimen  described  0*127  m.  (ffve 
inches). 

Body  more  elongate  than  in  any  other  described  species  of 
that  section  of  the  genus  occurring  in  arctic  seas,  except  L. 
Sarsii  Kroyer:  its  greatest  height  (0*010  m.)  equal  to  its  great- 
est width  between  pectorals  (0*010  m.)  and  nearly  one- thirteenth 
of  its  total  length. 

Distance  of  vent  from  ventrals  (0*028  m.)  slightly  greater 
than  length  of  head  (Om.  022),  which  is  contains  about  five 
and  two-third  times  in  total  length.  Distance  of  vent  from 
snout  (0*041  m.)  about  one-third  length  of  body. 

Head,  body  and  fins  enveloped  in  tough  lax  skin. 

Scales  cycloid,  circular  and  ovate,  000025  m.  to  "00036  in 
diameter,  with  numerous  concentric  striae,  and  with  about 
eighteen  lobes  upon  margin,  the  whole  perrimeter  being  lobed : 
they  are  deeply  imbedded  in  the  skin  at  distances  from  each 
other  equal  to  their  own  diameters:  they  are  most  numerous 
upon  the  upper  half  of  the  body,  and  extend  upon  the  base  of 
the  dorsal;  very  few  upon  the  lower  half  of  the  body ;  and  are 
absent  from  the  anal  fin. 

Head  much  depressed,  its  width  (0*014  m.^  considerably 
greater  than  its  height  (0*010  m.)  which  equals  leng^th  of  post- 
orbital  portion  of  head  (0*010  m.)  and  double  the  width  of  the 
inter-oroital  space  (0*005  m.).  Length  of  maxillary  (0011*m.) 
is  half  the  length  of  the  head  (0*022  m.) :  the  maxillary  extends 
nearly  to  the  perpendicular  from  the  posterior  mai^n  of  the 
orbit.  Diameter  of  orbit  (0*004  m.)  is  half  the  length  of  snout 
(0*008  mX 

Viewed  from  above  the  snout  is  somewhat  obtusely  rounded, 
and  a  line  drawn  through  the  center  of  the  ejes  would  form 
with  the  sides  of  the  snout  a  figure  approxinaating  in  shape  an 
equilateral  triangle,  the  angle  of  the  snout  being  rounded. 

Upper  jaw  far  overlapping  under  jaw;  gape  extending  from 
ventral  to  center  of  orbit 

A  series  of  laree  pores,  six  on  each  side,  extends  backward 
from  nostril  toward  angle  of  operculum,  following  line  of  upper 
jaw  at  a  'distance  above  it  about  equal  to  diameter  of  pupil. 
The  fourth  of  this  series,  counting  backward,  is  under  the  cen- 
ter of  orbit,  the  last  is  situated  about  two-thirds  of  the,  distance 
from  snout  to  angle  of  operculum. 

A  similar  series,  seven  on  each  side,  follows  line  of  lower 
jaw  from  its  symphysis  obliquely  upward  toward  angle  of  oper- 
culum, in  such  airection  that  if  the  maxillary  row  were  con- 
tinued by  the  addition  of  a  single  pore  to  the  series,  the  two 
lines  would  intersect  A  line  connecting  the  fourth  pore  of  the 
one  series  with  the  fourth  pore  of  the  other  would  intersect  the 
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articulation  of  the  jaws.  The  first  four  pores  of  the  mandibular 
series  are  slit-like ;  all  the  others  in  both  series  are  circular  or 
nearly  so,  their  diameter  equal  to  one- third  to  one-half  that  of 
the  pupil.  The  profile  of  the  head  resembles  that  of  Zoarces 
anguiltaris;  the  top  of  the  post-orbita^ tract  is  on  a  level  lower 
than  that  of  the  top  of  eye,  the  outline  of  the  head  then  rising 
to  a  point  over  the  center  of  the  orbit,  thence  sloping  abruptly 
to  the  snout. 

Cleft  of  mouth  horizontal,  in  width  equal  to  post-orbital  length 
of  head  (0*010  m.),  also  to  distance  from  snout  to  angles  of  gape. 

Nostrils  at  extremities  of  fleshy  tubes,  the  length  of  which  is 
equal  to  the  diameter  of  the  largest  porea 

Teeth  in  lower  jaw  in  two  rows  and  nearly  uniform  in  size, 
in  upper  jaw,  in  a  single  row,  some  larger  ones  near  symphysis 
with  patches  of  smaller  ones  behind  them.  About  seven  teeth 
on  the  vomer.  A  single  row  of  teeth  on  palatines.  All  the 
teeth  are  curved. 

Gill  openings  narrow ;  gill  membranes  attached  to  isthmus. 

Distance  of  dorsal  from  snout  (0*088  m.)  one  and  one-half 
times  the  length  of  head  (0*022  m.). 

Distance  of  anal  from  snout  (0*045  m.)  twice  the  length  of  head. 

Dorsal  and  anal  fins  are  about  equal  in  height,  with  even 
margins,  not  differentiated  from  caudal ;  the  rays  increase  some- 
what in  length  toward  extremity  of  tail,  though  the  fins  do  not 
increase  in  height 

Distance  of  pectoral  from  snout  (0*028  m.)  about  eaual  to 
length  of  head,  twice  length  of  pectoral  (0*011  m.)  and  more 
than  three  times  breadth  (0007  m.).  Pectoral  extends  to  ver- 
tical fropi  base  of  second  dorsal  ray. 

Distance  of  ventrals  fix)m  snout  (0*02^  m.)  less  than  length 
of  head  (0*022  m.),  their  length  (0<)02  m.)  less  than  one-fourth 
the  length  of  pectorals,  placing  this  species  in  the  first  section 
of  the  genus  as  defined  ov  Dr.  Giinther. 

Radial  formula:  D,  92";  A,  88;  P,  15;  V,  5.  Color:  Body 
above  lateral  line  light  grayish  brown  with  numerous  minute 
circular  dots  marking  the  position  of  the  scales ;  below  lateral 
line  pearly  white.  Brown  irregular  patches  upon  the  sides,  bi- 
sected by  the  lateral  line,  the  part  lymg  below  lateral  line  is  of 
the  dorsal  hue,  that  abov^  a  darker  shade  of  the  same  color,  and 
exhibiting  the  white  dots  already  described.  These  brown 
patches  are  seven  to  ten  in  number  on  each  side,  in  some  speci- 
mens regularly  alternating  with  each  other,  in  others  approxi- 
mating each  other  in  such  manner  as  almost  to  form  broad  irreg- 
ular bands  across  the  back.  A  spot  of  browfi  upon  the  tip  of 
tail  Abdominal  region  livid  blue  In  a  very  small  specimen* 
the  brown  patches  are  for  the  most  part  circular  and  are  not 
confluent  over  the  back.  ^ 

*  21,016  of  the  U.  S.  National  Museum  Catalogue. 
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Four  of  the  six  specimens  taken  had  a  lernean  parasite  on 
the  gills. 

This  species  is  dedicated  to  Professor  Addison  E.  Verrill,  of 
Yale  College,  who  has  been  in  charge  of  the  invertebrate  work 
of  the  IT.  Sw  Fish  Com  minion  since  its  organization. 

In  addition  to  the  above  species  a  number  of  new  or  unusual 
forms  have  been  taken  or  observed,  among  which  may  be  speci- 
fied the  following : 

Aluiera  cuspicauda  Dekay.  A  specimen  of  this  species  which 
has  not  before  been  recorded  north  of  Cape  Cod,  was  taken  in 
Halifax  Harbor,  September  6. 

Euchalarodus  Putnami  Gill.  Several  specimens  of  this  un- 
common species,  which  had  been  taken  in  Salem  harbor  in 
winter,  were  found  in  the  collection  of  the  Peabody  Academy 
of  Sciences. 

Myzopseita  ferruginea  (Storer)  Gill.  Taken  in  Massachusetts 
Bay  in  forty-five  to  ninety  fathoms;  near  La  Have  Bank  in 
ninety  &thoms;  and  at  the  mouth  of  Halifa!x  Harbor  in  sixteen 
to  eighteen  fathoms. 

Pkuronectes  glaber  (Storer)  Gill.  Several  specimens,  taken  in 
Salem  Harbor,  Masa,  were  noted  in  the  collection  of  the  Pea- 
body  Academy. 

Olyptocephaliis  ct/noglossits  (Linn.)  Gill.  This  fish,  the  Craig 
Flounder  or  Pole  of  Europe  is  cited  by  British  authors  as  one 
of  the  rarest  of  arctic  flounders.  It  has  hitherto  been  unknown 
to  the  coast  of  North  America.  At  least  one  hundred  speci- 
mens have  been  secured,  representing  great  variety  of  form,  age 
and  other  conditions.  The  species  was  first  taken  August  6, 
1877,  oflF  Salem  in  forty-five  fathoms.  It  has  since  been  secured 
near  La  Have  Bank  in  eighty-eight  fathoms,  and  in  Bedford 
Basin,  Halifax,  in  from  twenty-five  to  thirty-five  fathoms. 

Hippoghssoides  platessoides  (Fabr,)  GilL  Taken  on  La  Have 
Bank  in  eighty-eight  fathoms.  Heretofore  recorded  only  from 
Greenland,  ft  is  not  identical  with  H.  limandoides  as  suggested 
by  Dr.  Giinther.* 

A  species  of  the  genus  HippogJmsoides  which  is  distinct 
from  n,  platessoides  and  nuty  prove  to  be  identical  with  the  H, 
limandoides  of  Giinther  has  been  taken  in  company  with  Qlyp- 
tocephala  scynoglossus  in  Bedford  Basin,  Halifax. 

Wiinonemus  caiidacuta  (Storer)  Gill.  Several  specimens 
taken  in  Massachusetts  Bay,  and  on  La  Have  Bank. 

Cryptocantliodes  maculatits  Storer.  One  specimen  taken  in 
Massachusetts  Bay,  August  18,  1877,  in  fort3^-eight  fathoms. 

JaJumesogrammus  suhbifurcatus  (Storer)  Gill.  A  single  stoci- 
men  was  taken  August  25,  1877  in  the  mouth  of  Halifax  Har- 
bor in  sixteen  fathoms. 

*  Oat.  Fislu  Brit  Hub.,  iy,  1862,  p.  405. 


Digitized  by  VjOOQIC 


Ooode  and  Bean — 7\io  new  species  0/ Fishes.  477 

Stichceus  punctatus  (Fabr.)  Beinh.  A  single  specimen  of 
brilliant  scarlet  color,  was  taken  in  the  same  locality  with  the 
preceding. 

Eumicotremus  spinosus  (Fabr.)  Gill.  One  specimen  was 
dredged  bv  the  U.  S.  Fish  Commission  six  miles  off  Hall'  Way 
Rock,  Salem,  Mas&,  August  10,  1877,  in  thirty-five  fathoms. 
"  It  is  of  very  rare  occurrence.  Two  specimens  were  dredged 
in  1861  by  Professor  Verrill,  ofT  Anticosti  in  ten  fathoms,  and 
another  was  taken  by  U.  S.  Fish  Commission  at  Eastport, 
(Maine),  in  1872."    (Putmm.) 

Aspidophoroides  rnonopierygius  (Bloch)  Storer.  Up  to  the 
time  of  the  visit  of  the  U.  S.  Fish  Commission  to  Salem,  this 
species  has  been  very  rarely  taken  south  of  Greenland,  and  that 
mainly  from  the  stomachs  of  cod,  haddock,  halibut  and  other 
fishes.  Several  specimens  were  dredged  by  the  Commission  at 
Portland  and  Eastport,  Maine.  Many  specimens  were  taken  in 
Massachusetts  Bay,  often  a  dozen  coming  up  in  a  single  haul  of 
the  trawl  • 

Icelus  uncinatus  Beinhardt  Trawled  in  considerable  num- 
bers in  Massachusetts  Bay  In  forty-two  to  ninety  fathoms. 
One  or  two  were  secured  by  the  IT.  S.  Fish  Commission  at 
Eastport,  Maine,  in  1872.  No  other  specimens  are  known  to 
have  occurred  on  the  coast  of  North  America. 

Triglopsy  sp.  An  undetermined  member  of  this  genus,  has 
been  taken  in  deep  water  in  several  localities. 

Fistidaria  serrata  puv«  Specimens  from  Massachusetts  Bay 
are  in  the  museums  of  the  Boston  Society  of  Natural  History 
and  the  Peabody  Academv,  Salem ;  also  one  from  the  West- 
ern Atlantic  in  the  Colonial  Museum  at  Balifax.  Later  writers 
have  excluded  this  species  from  the  fauna  of  North  America, 
following  the  lead^f  Dr.  Giinther  who  gives  it«  distribution  as 
exclusively  Indo-Pacific.  A  specimen  taken  by  J.  Matthew 
Jones,  Esq.,  in  Bermuda,  was  identified  by  Dr.  Giinther  with 
F.  serrata.  This  species  must  be  restored  to  the  faunal  relations 
claimed  for  it  by  the  earlier  American  authors,  to  whom  Dr. 
Giinther  makes  not  the  slightest  reference  in  his  synonymy. 

liaia  radiata  Donovan.  This  species  is  well  described  by 
Fabricius  under  the  name  of  Raia  fullonica.  Adults  and  young 
have  been  taken  sparingly  in  Massachusetts  Bay,  on  La  Have 
Bank,  in  Halifax  Harbor,  and  in  Bedford  Basin. 

Canthorhinus  occidenialis  (Gthr.)  Gtxxie.  A  specimen  of  this 
fish,  not  before  recorded  north  of  Bermuda  and  Key  West,  was 
taken  in  the  summer  of  1875  at  Linen  Island  near  the  entrance 
to  Chesapeake  Bay,  and  presented  to  the  National  Mnseum  by 
Captain  John  Evans. 

Hypeneus  maculaius  (Bloch)  Cuvier.  A  specimen  was  taken 
at  Wood's  Holl,  Mass.,  July,  1877,  by  Vinal  N.  Edwards.     The 


Digitized  by  VjOOQ  IC 


478     Einman — Volumetric  Determinations  by  Chromic  Acid. 

species  occurs  in  Bermuda,  the  West  Indies,  and  on  the  coast 
of  Brazil. 

Oiilickthya  Spenghri  (Bloch)  Groode.  A  single  individaal 
was  taken  by  Vinal  N.  Edwards  at  Wood's  Holl,  in  Aagast, 
1877.     A  West  Indian  and  Madeiran  form. 

Lactophrys  trigonus  (Linn.)  Poey.  Ten  or  twelve  individuals 
were  taken  at  Wood's  Holl,  1877.  The  species  has  only  once 
before  (in  1883)  been  taken  north  of  Florida. 


Art.  LL — Volumetric  Determinations  by  (Xiromic  Add;  by 
C.  W.  HiNMAlT. 

In  the  early  part  of  the  year  1870,  while  a  student  at  the 
Institute  of  Technolc^y,  Boston,  I  endeavored  to  devise  a  vol- 
umetric assay  of  lead  ores,  especially  galena.  The  process  first 
used  was  briefly  this :  The  finely  pulverized  ore  was  decom- 
posed bv  strong  nitric  acid  and  the  resulting  lead  sulphate  dis- 
solved by  ammonium  acetata  The  lead  solution  was  then 
titrated  by  a  standard  solution  of  potassium  bichromate,  using 
silver  nitrate  as  an  indicator :  reddish  brown  silver  chromate 
being  formed  as  soon  as  the  lead  was  all  precipitated.  This 
process  of  titration  was  first  given  by  H.  Schwarz,  (DingL 
polyt  Journ.,  clxix,  284).  This  method  worked  fctirly  well  ex- 
cept that  the  reaction  at  the  end  was  i¥)t  sufficiently  delicate.  It 
has  since  been  recommended  by  F.  Maxwell  Lyte  (Chem.  News, 
XXX,  .298).  *  While  searching  for  a  more  delicate  indicator  I 
found  that  a  drop  of  a  mixture  of  starch  paste,  potassium 
iodide,  and  some  acid  would  be  turned  blue  by  a  very  small 
quantity  of  bichromate ;  also  by  suspended iead  chromate  when 
the  ordmary  strong  acids  were  used.  But  if  the  mixture  was 
acidified  by  a  solution  of  one  part  crvstallized  citric  acid  to 
six  of  water,  lead  chromate  gave  the  bfue  color  only  after  the 
lapse  of  some  minutes,  while  bichromate  gave  it  immediately. 
Quite  a  number  of  analyses  of  pure  lead  nitrate  were  made  by 
one  of  the  present  professors  and  myself,  using  the  indicator 
just  described;  ana  the  results  were  quite  satisfactory.  On 
trying  to  use  the  method  in  titrating  the  solution  of  leiBui  sul- 
phate in  ammonium  acetate  it  was  found  that  no  blue  colora- 
tion was  produced  until  there  was  quite  an  excess  of  bichro- 
mate present  This  was  owing  to  the  amount  of  ammoniam 
salts  present,  but  a  number  of  other  substances  have  the 
same  effect  I  then  abandoned  the  process.  Th.  Rosenbladt 
(Jahresbericht  1  Chemie,  1875)  recommends  a  similar  indicator 
for  chromic  acid  in  estimating  the  quantity  of  sulphuric  add 
in  drinking  water. 
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Duriog  the  last  few  years  I  have  had  occasion  to  make  a 
larffe  number  of  determinations  of  the  quantity  of  sulphur  in 
coal  gas,  and  have  often  wished  for  some  process  of  determin- 
ing sulphuric  acid  less  tedious  than  the  ordinary  gravimetric 
one  by  barium  sulphate  and  more  accurate  than  the  volumet- 
ric methods  in  ordinary  use ;  and  nearly  a  year  a^o  I  b^an 
some  experiments  to  find  such  a  method.  Sulphuric  acid  can 
be  determined  by  means  of  chromic  acid,  and  the  latter  is 
reduced  by  quite  a  number  of  reagents.  I  had  previously 
found  a  delicate  test  for  chromic  acid  in  the  acid  solution  of 
starch  paste  and  potassium  iodide.  It  remained  to  be  seen  if 
the  blue  color  disappeared  as  soon  as  the  chromic  acid  was  all 
reduced.  I  found  that  of  the  ordinary  reducing  agents  only 
an  acid  solution  of  stannous  chloride  produced  this  result, 
even  when  a  large  excess  of  acid  was  present  I  found  that 
a  given  quantity  of  potassium  bichromate  and  water  always 
required  the  same  quantity  of  stannous  chloride,  but  the  larger 
the  quantity  of  water  the  more  stannous  chloride  was  required. 
This  was  accounted  for  on  the  supposition  that  the  oxygen  dis- 
solved in  the  water  was  acted  on  before  the  chromic  acid  was 
all  reduced.  It  was  finally  found  desirable  to  boil  the  bichro- 
mate solution  and  cool  it  out  of  contact  with  the  air ;  when 
this  was  done  the  quantity  of  water  present  made  no  difference 
in  the  amount  of  stannous  chloride  required.  The  following 
are  the  details  of  the  prpcess.  The  chromate  is  weighed  or 
measured  into  a  small  flask  which  is  then  filled  with  water 
nearly  to  the  neck.  The  flask  is  closed  with  a  stopper  through 
which  passes  a  glass  tube,  at  the  end  of  which  is  a  rubber  valve 
opening  outward.  The  contents  of  the  flask  are  boiled  for 
Bome  minutes  and  then  cooled ;  the  valve  preventing  the  access 
of  air.  A  few  centimeters  of  hvdrochloric  acid  are  add^  and 
then  stannous  chloride  from  a  glass  cock  burette  until  the  color 
is  nearly  pure  green,  but  taking  care  to  leave  a  little  chromic 
acid  unreduced.  A  few  drops  of  a  mixture  of  starch  paste 
and  potassium  iodide  added  to  the  contents  of  the  flask  pro- 
duces a  dark  blue  color  which  is  to  be  removed  by  the  cau- 
tious addition  of  stannous  chloride.  The  exact  point  is  easy 
to  hit  as  at  last  the  color  changes  rapidly  with  a  small  addition 
of  the  chloride.  The  following  determinations  were  made  in 
this  manner,  a  standard  solution  of  potassium  bichromate  con- 
taining 14-761  grams  per  liter  being  used. 

KsCtsOt'  SnOI,  Bfttio. 

25  cc.  req.         '        19-20  cc.  '110^ 

13  10-04  -772 

10  7-72  -772 

10  7-73  -773 

3  2-33  -777 

3  2-32  -773 

3  2-34  -780 
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Of  course  bodies  like  ferric  and  cupric  salts  that  are  reduced 
by  stannous  chloride  must  be  absent  and  the  solution  must  not 
be  so  concentrated  that  the  green  of  the  chromic  chloride  ob- 
scures the  iodo-starch  blue.  Stannous  chloride  has  had  the 
reputation  of  changing  rapidly  on  standing,  but  I  have  found 
it  quite  stable,  when  properly  protected  from  the  air,  as  the  fol- 
lowing results  show : 

March  9,  10  oo.  potaBeium  bichromate  required,  7*74  oc  staaiioiis  chloride^ 

u     22       <*  '*  '*  *'  7*72-^  **  " 

April  16,      "  '*  "  '*  7-73-4  »  " 

May  21,      "  "  "  "         7-74  " 

The  following  determinations  can  be  made  by  means  of 
chromic  acid.  The  chromates  of  lead,  barium,  and  bismuth 
can  be  accurately  precipitated,  barium  from  an  ammonical 
solution,  the  others  from  an  acetic  solution.  The  determina- 
tion of  lead  is  given  as  an  example. 

Twenty-five  cc.  of  a  solution  of  lead  acetate,  fifty  cc.  of 
which  gave  0'6908  gram  lead  sulphate,  were  diluted  with  water 
and  a  little  acetic  acid,  heated  to  boiling  in  a  small  beaker  and 
10  cc.  standard,  bichromate  solution  added.  The  precipitate 
of  lead  chromate  was  filtered  ofi^  after  standing  a  few  minutes, 
washed,  and  the  excess  of  chromic  acid  determined  in  the  fil- 
trate. The  c[uantity  of  stannous  chloride  required  was  0*20  cc ; 
other  experiments  gave  0*21,  0.21,  0*20,  and  0*20,  by  calcula- 
tion from  the  amount  of  lead  sulphate  there  should  have  been 
requirjed  0*19  cc.  being  an  error  of 'one  or  two  parts  in  about 
750. 

If  a  known  quantity  of  bichromate  is  added  to  acid  solu- 
tions of  arsenious  or  antimonious  acids  they  will  be  oxidized  to 
arsenic  and  antimonic  acids  and  the  excess  of  chromic  acid 
can  then  be  determined.  Twenty-five  cc.  of  a  solution  of 
arsenious  acid,  containing  6'2676  grams  per  liter,  plus  10  cc. 
standard  bichromate  solution,  required  1-86,  1*85,  1-33,  and 
1*85  cc  of  stannous  chloride  If  the  arsenious  acid  had  been 
pure  only  1*22  cc.  stannous  chloride  would  have  been  required 
instead  1*85.  In  other  words  the  arsenious  acid  contained 
about  one  and  four-tenths  per  cent  impurity.  The  only  anti- 
mony compound  I  happened  to  have  at  nand  was  tartar  emetic 
but  tartaric  acid  in  that  seemed  to  interfere  with  the  reaction 
to  a  certain  extent  so  that  the  results  were  not  satisfactory. 

Sulphuric  acid  can  be  determined  as  follows :  To  a  slightly 
acid  solution  of  a  sulphate  heated  to  boiling  is  added  a  small 
excess  of  a  solution  of  barium  chromate  in  hvdrochloric  acid, 
barium  sulphate  is  precipitated ;  then  the  solution  is  neutral- 
ized with  ammonia  which  precipitates  the  remaining  barium 
chromate,  the  precipitates  of  barium  sulphate  and  chromate 
ace  filtered  off  and  the  chromic  acid  determined  in  the  filtrate 
is  equivalent  to  the  sulphuric  acid  in  the  original  solution. 
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H,S04  8oL 

8nC]s  sol 

Calculated. 

3  cc.  req. 

1-87  cc. 

1-85  CO. 

6 

3-10 

3-08 

10 

6-16 

6-16 

26 

16-38 

16-37 

Twenty-five  cc.  of  the  sulphuric  acid  solution  gave  0*4688 
grams  barium  sulphate. 

Perhaps  the  oxygen  in  drinking  water  can  be  determined  by 
means  ot  the  chromic  acid  method,  but  my  experiments  are  as 
yet  incomplete. 

Elaving  worked  for  some  time  with  the  method  of  estimating 
iron  by  means  of  stannous  chloride,  I  am  convinced  that  its 
impoitance  is  not  yet  recocroized  generally.  The  following 
modification  seems  to  simplify  the  process  as  given  in  the  last 
edition  of  Fresenius  analysis.  To  the  iron  solution  which  has 
just  been  decolorized  by  stannous  chloride,  add  a  small  pipette 
full  of  iodine  solution,  equivalent  to  about  one-fourth  cubic 
centimeter  of  stannous  chloride,  cool,  then  add  a  little  starch 
paste  and  stannous  chloride  until  the  color  disappears.  The 
equivalent  in  stannous  chloride  of  the  pipette  oi  iodine  solu- 
tion substracted  from  the  whole  amount  used  leaves  the  quan- 
tity required  by  the  iron.  By  this  means  the  use  of  a  second 
burette  is  avoided  and  less  calculation  is  required. 

Office  of  State  Gas  Inspection,  32  Hawley  street.  Boston. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Gases  enclosed  in  Lignite, — Thomas,  in  continuation 
of  his  researches  upon  the  gases  enclosed  in  ooals,  has  examined 
with  this  view  the  lignites  of  Bovey  Heathiield,  Devonshire,  and 
also  a  specimen  of  mineral  resin,  the  "  retinasphaltum"  of  Hatch- 
ett.  A  leafy  lignite  weighing  100  grams,  on  being  kept  in  a 
Sprengel  vacuum  at  50°  for  twelve  days,  evolved  56*1  cc.  of  gas, 
consisting  of  CO,  87-25,  O  0-24,  CO  859  and  N  8-92=:100.  It 
was  then  kept  at  100"*  for  eighteen  davs,  and  evolved  59*9  cc.  of 
gas,  of  which  89-53  was  CO,,  0-33  C„H,„  gases,  6-11  CO  and  5-03 
S.  At  a  higher  temperature,  decomposition  set  in,  evolving 
H,8  and  apparently  allyl  sulphide,  mixed  with  the  gaseous  pro- 
duets.  The  gas  evolved  at  250"  contained  H,S  5-85,  CO,  7113, 
C.H,,  1-09,  CO  16-20,  CM,  5-46,  N  0-27=100.  The  mineral  resin 
gave  no  gas  at  60**,  hut  at  100**  yielded  -21-4  cc  of  gas  for  each 
100  grams  of  resin,  consisting  of  CO,  88-24,  O  0*23,  CaH,„  gases 
0-47,  CO  7*90,  N  3*10=1OO.  .On  ftirther  heating  the  resin  l^gan 
to  melt,  and  decomposition  set  in  at  110°  to  112°,  the  gases  col- 
lected below  150°  consisting  of  H,S  0-41,  CO,  78-88,  C„H,.  gases 
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2-67,  CO  7-82,  CH,  806,  C,H,  1-80,  nitrogen  0-31=100.  Com- 
par^  with  the  coals  proper,  lignites  show  therefore  a  marked  dif- 
ference in  their  gaseous  contents,  approaching  most  nearly,  how- 
ever, the  cannels.  But  while  the  greater  portion  of  the  gas  en- 
closed in  h^h  cannel  and  lignite  consists  of  CO^  the  former  con- 
tains the  gases  and  other  compounds  of  the  paraffin  series  and  the 
latter  CaH^  gases  as  well  as  oily  aromatic  bodies  and  CO.  More- 
over lignites  decompose  much  easier  than  coals. — J.  Chenu  JSoe^^ 
xxxii,  146,  Aug.,  1877.  g.  f.  b. 

2.  On  the.  Reaction  between  Insoluble  Ccurbonatea  and  SohibU 
OxcUates. — Watson  Smith,  observing  that  ammonia  was  evolved 
on  mixing  ammonium  oxalate  and  chalk  or  marble  powder,  re- 
peated the  experiment  with  sodium  oxalate,  and  obtained  even  in 
the  cold  a  distinctly 'alkaline  reaction.  On  heating  the  two  sub- 
stances together  and  then  filtering,  the  filtrate  effervesced  on  add- 
ing hydrochloric  acid.  This  led  to  a  series  of  experiments  to  de- 
termine the  character  and  extent  of  this  reaction,  and  to  compare 
it  with  that  of  alkali  carbonates  upon  the  earthy  oxalates.  Re- 
garding the  possible  Na,CO,  formed  when  the  decomposition  is 
complete  as  100,  calcium  carbonate  treated  with  sodium  oxalate 
gave  19;8d  Na,CO,  in  the  cold  and  22*90  when  heated;  strontium 
carbonate  gave  7*63  in  both  cases;  barium  carbonate  gave  4*84 
and  4*98;  and  lead  carbonate  6*35  and  13*08.  Conversely,  if  100 
represent  the  possible  Na  CO,  converted  into  oxalate,  calcium  ox- 
alate converted  16  07  in  tne  cold  and  52*34  when  heated;  stron- 
tium oxalate  67*24  and  79*96;  barium  oxalate  73*20  and  87-96; 
and  lead  oxalate  81*54  and  90*61.  In  the  cold,  calcium  carbonate 
is  as  much  more  acted  on  by  sodium  oxalate  than  is  barium  car- 
bonate, as  barium  oxalate  is  by  sodium  carbonate  more  than  cal- 
cium oxalate.  In  the  case  of  soluble  oxalates,  the  reaction  does^ 
nqt  appear  to  be  facilitated  materially  by  heat. — Ji  Chein,  Soe,^ 
xxxii,  245,  Sept.,  1877.  g.  p.  b. 

3.  On  the  new  Metal  Davyum, — In  the  month  of  June  last, 
Sergius  Kern  succeeded  in  isolating  a  new  metal  belonging  to  the 
platinum  group,  to  which  he  gave  the  name  Davyum,  in  honor  of 
§ir  Humphrey  Davy,  To  prepare  it,  600  grams  of  the  platinifer^ 
ous  sand  were  treated  by  Bunsen's  meth<xl  for  the  separation  of 
the  platinum,  iridium,  rhodium,  osmium,  palladium,  ruthenium, 
iron  and  copper  which  it  contained.  The  mother  liquors  after 
the  separation  of  the  rhodium  and  the  iridium  were  heated  with 
an  excess  of  chloride  and  nitrate  of  ammonium.  A  dark  red  pre- 
cipitate was  obtained,  which,  calcined  at  a  red  heat,  gave  a  gray- 
ish mass  resembling  platinum  sponge ;  and  this,  fused  by  the  oxy- 
hydrogen  flame,  gave  a  silver  whit^  ingot  weighing  0*27  gram, 
and  having  a  density  of  9*385  at  25°  C.  The  metal  is  bard  and 
malleable  at  a  red  heat ;  it  is  easily  attacked  by  aqua  re^a  and 
feebly  bv  boiling  sulphuric  acid.  Fotassium  hyarate  precipitates 
its  solutions  yellow.  Hydrogen  sulphide  gives  a  brown  precipi- 
tate in  solutions  of  davyum  chloride,  which  changes  to  black  on 
drying.    Potassium  sulphocyanide  colors  this  solution  red,  like 
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ferric  salts,  when  dilute,  and  gives  a  red  precipitate  when  concen- 
trated. In  Mendelejeff 's  classification,  the  author  thinks  davynm 
is  the  hypothetical  element  placed  between  molybdenum  and  ruthe- 
ninm. 

In  a  subsequent  paper,  Kern  gives  the  reactions  vf  the  new 
metal  obtained  by  dissolving  his  ingot  in  aqua  regia.  The  yel- 
low hydrate  is  readily  soluble  in  acids,  even  in  acetic.  I'he 
nitrate  appears  as  a  brown  mass,  which  on  calcination  gives  a  black 
monoxide.  Dissolved  in  potassium  cyanide,  davyum  chloride 
^ves  beautiful  crystals  of  a  double  cyanide.  Gyanodavic  acid  is 
very  unstable.  Tlie  sulphide  is  soluble  in  alkali  sulphides,  giving 
snlphosalts.  The  sulphocyanide  crystallizes  in  large  crystals,  and 
becomes  black  on  heating.  The  chloride  is  soluble  in  water,  alco- 
hol and  ether,  and  its  crystals  are  not  deliquescent.  It  forms 
double  chlorides  easily,  that  with  sodium  being  almost  insoluble 
in  water  and  alcohol.  No  second  chloride  is  known.  New  deter- 
minations give  the  density  9*889.  Its  atomic  weight  has  not  yet 
been  determined,  but  it  is  probably  between  160  and  154. —  C\  jR., 
Ixxxv,  72,  623,  July,  Oct,  1877.*  g.  p.  b. 

4.  Upon  Metalacetylacetic  ethers, — Conrad  has  extended  the 
law  that  negative  radicals  are  found  in  a  molecule  in  the  vicinity 
of  negative  groups,  by  supposing  that  the  energy  of  the  carbon  is 
so  raised  by  the  presence  of  negative  radicals,  that  the  hydrogen 
combined  with  it  may  be  replaced  by  positive  atoms.  In  proof  of 
this  he  shows  that  a  salt  obtained  by  Geuther  and  supposed  by 
him  to  have  its  metal  atoms  united  to  the  carbon  by  oxygen,  has 
them  in  fact  united  directly  to  the  carbon.  In  the  case  of  copper- 
acetyl-acetic  ether,  prepared  by  the  action  of  an  ammoniacal 
solution  of  copper  sulphate  on  acetylacetic  ether,  the  author 

CH,CO-CH— Cu— CH-COCH, 
establishes  the  fonnuk  a»  ^^^^^^^  ^^^^^^^       ,  in 

which  the  carbon  atoms  of  the  two  groups  are  linked  directly  by 
copper.  Nickel,  cobalt,  magnesium,  aluminum  and  mercury  com- 
pounds were  also  prepared. — Liebig^s  Ann.^  clxxxviii,  269,  Aug., 
1877.  G.  F.  B. 

6.  On  Phyliic  (zcidy  extracted  /ran  leaves.— BovQiLR^h  has  suc- 
ceeded in  isolating  from  the  leaves  of  the  cherry-laurel,  a  new  acid 
to  which  he  gives  the  name  phyliic  acid.  The  leaves  are  extracted 
with  boiling  alcohol,  the  extract  left  on  distilling  off  the  alcohol, 
is  treated  with  ether,  the  solution  is  clarified  with  animal  charcoal, 
the  ether  distilled  off,  and  the  amorphous  grains  dissolved  in  dilute 
potash  solution  and  several  times  crystallized.  On  re-dissolving 
and  adding  an  acid,  phyliic  acid  is  precipitated  as  a  resinous  mass. 
It  is  soluble  in  alcohol,  ether,  chloroform,  OS,,  essential  oils  and 
fats,  but  insoluble  in  water.  Several  times  precipitated  from 
ether,  it  forms  a  fine  powder  without  odor  or  taste,  having  a 
density  of  1*014,  rotating  in  alcoholic  solution,  aj:=-|--28,  meltmg 
at  1 70°,  and  decomposing  at  200^.  Analysis  of  the  potassium  salt 
fixed  the  molecular  weight  at  624 ;  and  ultimate  analysis,  conse- 
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quently,  the  formula  C  H„0,^  which  the  author  regards  as  pro- 
visiooal  only.  The  sodium  and  ammonium  salts  are  well  crys- 
tallized. The  acid  has  also  heen  obtained  from  the  leaves  of  the 
quince,  apple,  peach,  almond,  sycamore,  lilac  and  jaborandi. — 
JitdL  JSoo,  Ch,,  II,  xxvii,  148,  Sept.,  1877.  6.  f.  b. 

0.  On  the  Constitution  of  Euxantlion, — Salzmamn  and  Wicbel- 
HAUS  have  experimented  to  determine  the  constitution  of  euxan- 
thon,  prepared  from  euxanthic  acid  (which  exists  in  the  form  of 
ma^nfiesium  salt  in  the  yellow  coloring  matter  called  purree  or 
Indian  yellow)  by  solution  in  concentrated  sulphuric  acid  and  pre- 
cipitation by  water.  It  has  the  composition  C^.H^O^  Its  vapor 
passed  over  zinc  powder  in  a  current  of  hydrogen  gave  the 
product  C„H^O.  This,  oxidized  with  nitric  acid  or  permanganate 
gave  C  H^O  ;  treated  with  fuming  nitric  acid,  gave  a  nitro-product 
0„H  (N0,),0,;  and  suspended  in  water  containing  bromine  formed 
two  oromine  derivatives  C,,H,Br^O  and  C„HBr,0 ;  euxanthon 
itself  heated  with  acetyl  chloride  tq  100^  gave  diacetyl-euxanthon, 
C,3H.(CjH,0)X)^.  From  these  reactions^  taken  in  connection  with 
the  fact  that  Baeyer  obtained  a  hydroqninone-like  body  on  reduc- 
tion with  sodium  amalgam,  the  author  regards  euxanthon  as  a 

C.H,^    OH 
carbonein  of  hydroquinone  CO  ;0    ,  the  reduction  product 

C.H.-    OH 

C  H 

with  zinc  being  carbodiphenylene  CO  p*tiC>5  giving  on  oxidation 

8       4 

C  H  * 
carbodiphenylene  oxide  CO  /^,'tj*!!>0. — Ber,  Berl,  Chem,  Ges.^  x, 

1397,  Oct.,  1877.  *    *  G.  F.  a 

7.  Density  of  Vapors. — One  of  the  most  important  of  the  recent 
additions  to  chemical  methods  is  that  of  Victor  Meyer  for  deter- 
mining the  density  of  the  vapor  of  sulMtances  which  have  a  high 
boiling  point.  As  in  the  method  of  Gav-Lussac  or  in  the  modifi- 
cation of  that  method  as  employed  by  Hoffman,  a  given  weight  of 
the  substance  used  is  converted  completely  into  vapor  and  the 
volume  of  this  vapor  measured  under  determinate  conditions.  An 
amount  of  the  substance  not  exceeding  seven  or  eight  centigrams 
but  varying  naturally  with  the  density  of  the  vapor  to  be  deter- 
mined is  weighed  out  in  a  small  glass  tube  of  such  size  and  shape 
that  it  can  easily  be  passed  through  the  curved  neck  into  a  glass 
bulb  holding  about  twenty-five  cubic  centimeters.  The  glass  tube 
at  the  end  of  which  the  bulb  is  blown  is  bent  into  a  u  shape  and 
cut  off  so  that  its  open  mouth  is  on  a  level  with  a  capillary  open- 
ing on  the  top  of  the  bulb,  and  the  little  apparatus  is  suspended 
by  a  wire  holder  so  that  these  openings  are  always  uppermost 
'  Trie  glass  having  been  weighed  to  decigrams  and  the  material 
"introduced,  the  interior  is  filled  at  100°  C.  with  Wood's  fusible 
alloy  which  melts  at  70°  C,  the  capillary  opening  at  the  top  of  the 
bulb  allowing  the  air  to  escape  while  the  melted  metal  is  poured 
in  throtigh  the  open  mouth.  As  soon  as  the  bulb  is  filled  this 
capillary  opening  is  closed  by  a  blow-pipe ;  and  as  soon  as,  after 
exposure  in  a  steam  bath,  the  excess  of  metal  has  overflow^,  the 
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apparatas  is  wiped  aod  a<^ain  weighed,  but  as  before,  only  to 
decigrams.  The  apparatus  is  now  immersed  in  the  vapor  of  boiling 
sulphur,  which,  according  to  the  experiments  of  Kegnault  has  a 
constant  temperature  of  442*2°  when  the  barometer  stands  at 
723-6  mm.*  The  substance  passes  into  vapor  and  a  considerable 
portion  of  the  alloy  overflows  and  the  tension  of  the  vapor  thus 
formed  is  evidently  measured  by  the  height  of  the  barometer 
column  at  the  time,  plus  the  equivalent  in  mercury  of  the  height 
of  the  column  of  melted  metal  which  fills  the  neck  of  the  apparatus 
above  the  level  of  the  metal  in  the  bulb.  The  last  is  easily  meas- 
ured with  a  millimeter  scale  if  at  the  instant  of  lifting  the  apparatus 
from  the  sulphur  bath  the  level  of  the  metal  is  marked  on  the  bulb, 
which  may  be  easily  done  with  melted  sealing  wax,  using  a  heated 
glass  rod  as  a  pen.  When  now  the  apparatus  has  partially  cooled 
and  the  adhering  particles  of  metal  have  been  removed,  it  is 
weighed  for  the  third  time  and  from  the  three  weights  we  easily 
ascertain  what  quantity  of  metal  has  ovei*flowed  in  the  sulphur 
bath.  This  amount  is  -obviously  a  measure  of  the  volume  of  the 
vapor  formed.  It  is  not,  however,  a  direct  measure,  for  the  over- 
flow is  caused  not  only  by  the  formation  of  the  vapor,  but  also  by 
the  expansion  of  the  alloy,  while,  on  the  other  hand,  it  is  dimin- 
ished oy  the  expansion  of  the  glass.  Before,  therefore,  the  data 
thus*  obtained  could  be  used  in  calculating  the  density  of  a 
vapor  it  was  necessary  to  determine  the  density  of  the  alloy  at 
the  boiling  point  of  sulphur,  also  the  apparent  expansion  of  the 
alloy  in  the  ordinary  German  glass  when  heated  from  1 00°  to  the 
same  temperature.  This  Victor  Meyer  has  done,  and  according 
to  his  determinations  the  apparent  expansion  of  the  alloy  was,  on 
the  average,  0*036,  and  at  444°  one  gram  had  the  volume  of 
0*1092  c.  c,  so  that  its  density  was  about  two-thirds  of  that  of 
mercury.  From  these  values  he  deduces  the  following  formula 
for  the  calculation  of  the  vapor  density  from  such  observations  as 
we  have  described : 

Density  (referred  to  air  as  unity)  =  - --  — ^~ =,v7->tJ — s-rv ; 

^  ^  ^^       (W-.0-036  W')(H+fA)  ' 

*  This  is  the  mean  height  of  the  barometer  at  Zurich  where  Meyer's  determina- 
tions were  made.  At  the  mean  level  of  the  sea  with  the  mean  height  760  mm. 
the  boiling  point  is  more  nearly  447*7". 

f  At  the  sea  level  when  the  barometer  stands  at  760  mm.  this  constant 
becomes  14216000.    Either  value  is  easily  deduced. 

Tlie  amount  of  substance  taken  gives  at  444*2''  a  definite  volume  of  vapor  at  a 
measured  tension.  Let  that  volume  in  cubic  centimeters  be  represented  by  v  and 
the  tension  in  millimeters  by  H'.  The  density  of  the  vapor  is  equal  to  its  weight 
divided  by  the  weight  of  the  same  volume  of  air  at  the  same  temperature  and  ten- 
sion, or  6  ^  —  and  as  is  well  known, 

1 h;; 

*^-  ^*®^^^^^(t;l+0-003665-444''-2)  ""  760* 
But  in  the  process  we  are  considering  the  volume  of  the  vapor  is  evidently  equal 
to  the  volume  of  the  overflow  at  4442®  less  that  of  the  overflow  which  would 
have  resulted  from  the  expansion  of  the  metal  and  glass  alone,  or  V  =  0*1092 
(W— 0*036  W)  and  as  we  have  seen,  H'  =  H+  f  A.  Makmg  now  the  substitu- 
tions and  combining  the  numerical  values  we  obtain  the  expression  given  above. 
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here  w  is  the  weight  of  the  substance  used,  W  the  weight  of  alloy 
which  filled  the  bulb  at  100°,  and  W  the  weight  which  overflowed 
in  the  sulphur  bath ;  also  H  the  height  of  the  barometer  and  h  tiie 
difference  of  level  of  the  alloy  in  the  bulb  and  neck  of  the  appa- 
ratus at  the  moment  it  was  withdrawn  from  the  bath. 

Wood's  fusible  alloy  is  exceedingly  well  adapted  to  the  use  to 
which  it  has  been  so  beautifully  applied  by  Victor  Meyer.  As 
prepared  and  sold  by  Dr.  Schuchardt  of  Gdrutz  it  appears  to  have 
a  very  constant  composition  and  equally  constant  physical  quali- 
ties. Moreover,  it  is  but  slightly  acted  on  by  boiling  sulphur  and 
can  readily  be  recovered  from  the  sulphur  bath  into  which  it  over- 
flows. It  can  then  be  easily  cleaned  and  used  over  again  re- 
peatedlv.  But  for  these  and  other  details  we  would  refer  to  the 
very  full  description  of  the  process  which  has  recently  appeared 
in  Fresenius'  Zeitschrift  fUr  Analytische  Chemie,  xvi,  482.  Of 
course  the  method  has  a  limited  application  and  can  not  be  used 
with  any  substance  which  would  act  chemically  upon  the  alloy. 
Still  it  has  already  very  considerably  extended  our  knowledge  of 
the  vapor  densities  of  the  less  volatile  oi^anic  products,  and  for 
such  substances  it  is  both  more  easy  of  application  and  more 
accurate  than  the  only  comparable  method,  that  of  Dumas  as 
modified  by  Deville  and  Troost.  We  add  two  examples  for  illus- 
trations.' 

AfUkrachinon. 

Substance  used w     =  0*0662  gnu. 

Metalused W' ==264-4       " 

"      which  ovei-flowed W   =179-6       " 

Barometer  height H     =  728'6  mm. 

Difference  of  level h     =    83-     " 

Resulting  density 7*22 

Theory  for  C^^H^O, 7-19 

Found-  by  Grftbe  with  the  process  of  h.ok 

Deville  and  Troost 

Paradibrcmbefnzol 

Substance  used -..  w  z=  0*0772  grm. 

Metalused W  =261-6      " 

"      which  overflowed W  =187-4      " 

Barometer  height H  =  728-6  mm. 

Difference  of  level 38       " 

Resulting  density , 8*14 

Theory  for  C.H.Br, 8-15 

J.  p.  C,  JR. 

8.  Neio  Results  in  Physics. — (1.)  A.  F.  Berggren  concludes 
that  the  chlorides  of  the  alkalies  and  alkaline  earths  possess 
greater  electrical  conducting  power  than  the  soluble  sulphates  of 
the  same  bases. — Ann,  der  Physik  ufid  Chemie^  new  series,  voL  i, 
p.  499. 

(2.)  SiLow  has  undertaken  an  investigation  of  weak  magnetic 
substances.  His  method  consists  in  observing  the  deviation  of  an 
astatic  system  of  needles,  produced  by  appending  to  it  a  cylin- 
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drical  vessel  cont^iining  the  magnetic  substance  under  considera- 
tion. He  discusses  the  method  by  the  aid  of  the  theory  of  poten- 
tials and  obtains  for  an  aqueous  solution  of  chloride  of  iron  of 
density  1*475  a  magnetizing  constant  of  K  =  00000815. — Ih.^ 
p.  481. 

(3.)  Hankel  discusses  the  results  of  previous  experiments  upon 
the  electrical  effect  of  light  rays  upon  metal  plates,  immersed  in 
fluids,  and  adds  some  experiments  of  his  own  which  show  that  the 
difference  of  potential  of  certain  metal  plates  immersed  in  fluids 
is  sensibly  altered  by  light ;  and  that  in  certain  cases  this  effect 
is  opposite  to  that  caused  by  the  heat  rays. — Ib,^  p.  402. 

(4.)  Clausius  shows  that  if  there  are  a  number  of  conducting 
bodies  C„  C„  C„  etc.  which  influence  each  other  and  if  these 
bodies  are  first  charged  with  the  quantities  of  electricities  Q„ 
Q,,  Q,  etc.  giving  the  potentials  V„  V„  V,  etc.,  and  afterwards 
charged  with  the  quantities  Q  ,  Q„  O, ;  with  the  potentials  ^B„ 
S3,,  *«;  the  equation  2;TO=-^93Q  results.— /».,  p.  498. 

(5.)  Hbbman  Her  wig  collects  the  facts  in  regard  to  the  differ; 
ent  mechanical  actions  of  positive  and  negative  electrical  poles ; 
joins  to  these  some  observations  of  his  own  in  regard  to  the  be- 
havior of  flames  placed  between  their  poles,  ana  discusses  the 
generality  of  these  phenomena  together  with  their  bearing  upon 
the  two-fluid  theory  of  electricity. — /&.,  p.  516. 

(6.)  According  to  an  investigation  of  W.  von  Munchhausen 
carried  on  in  the  laboratoiy  of  A.  Wullner,  the  specific  heat  of 
water  at  f*  is  represented  by  the  expression  K=  1+0*000802^.— 
Ib.j  p.  592.  J.  T. 

11.  Geology  and  Mineralogy. 

1.  China^  by  Ferdinand  Fretherrn^  von  Richthopen.  1st 
vol.  Introductory  Part.  758  pp.  roy.  8vo,  with  11  charts  (sev- 
eral colored),  and  29  wood  cuts.  Berlin,  1R77.* — Baron  von  Rich- 
thofen  left  Europe  on  his  first  visit  to  China  in  1860,  under  the 
auspices  of  the  Prussian  Government.  Only  a  few  prominent 
points  in  China  were  visited,  the  interior  of  the  country  not  being 
then  accessible,  owing  to  the  Taiping  rebellion.  He  also  went  to 
Siam,  Fonuosa,  the  Philippines,  Celebes  and  Java.  Japan  was 
not  at  the  time  open  to  foreigners. 

The  year  1867  and  part  of  1868  were  spent  in  California,  in  con- 
nection with  the  Geological  Survey  of  that  State  under  J.  D. 
Whitney;  and  a  volume  treating  learnedly  of  the  Natural  Sys- 
tem of  volcanic  rocks,  and  describing  those  of  Westeni  North 
America  was  one  result  of  his  labors. 

In  July,  1 868,  he  left  for  a  second  visit  to  China.  He  was  there 
the  larger  part  of  four  years,  and  made  seven  long  journeys  over 
the  country,  and  among  the  islands  and  peninsulas  of  the  coa^t. 
Ue  visited  many  of  the  Provinces,  reaching,  at  his  farthest  point 

*  China.  Ergebnisse  eigener  Reisen  und  daniaf  gegrQndeter  Studien;  von 
Fbbduvaitd  FaimBBBir  von  Riohthofbn.  Erster  Band.  Einleitender  Theil. 
Berlin,  1877.    (Yerlag  von  Dietrich  Reimer.) 
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west,  the  center  of  the  Province  of  Sz-tsohwan,  over  000  miles 
west  of  Shanghai,  and  to  the  north,  the  borders  of  Mongolia, 
northwest  of  Fekin.  During  a  portion  of  the  years  1870,  1871 
(from  August,  1870,  to  the  spring  of  1871),  he  was  in  Japan. 

The  work,  of  which  the  Ist  volume,  out  of  the  four  to  be  pub- 
lished, has  recently  been  issued,  will  embrace  the  results  of  his 
observations  and  studies  with  reference  to  the  topography  of 
China,  its  geography,  climate,  density  of  population  in  different 
parts  of  its  history,  its  productions  and  their  mercantile  importance. 
Its  geology,  paleontology,  etc.  Besides  the  account  of  China,  the 
work  will  contain  a  sketch  of  the  author's  observations  also  in 
Japan,  Formosa,  Manilla,  Java  and  Siam ;  and,  in  concluaon,  a 
discussion  of  some  problems  connected  with  the  earth's  general 
features  and  history,  as  illustrated  by  the  special  facts  observed. 

The  fourth  volume,  on  the  Paleontology,  will  be  prepared  by 
prominent  specialists,  among  them,  Dr.  Kajrser  of  Berlin,  VroL 
Schenk  of  Leipzic  and  Dr.  Sch wager  of  Munich.  There  will  also 
Jbe  an  atlas  of  foity-four  charts,  bet«i<1e8  numerous  cuts  and  maps 
in  the  text.  The  atlas  will  contain  twenty-eight  special  charts  on 
the  scale  of  1 :  750,000 ;  a  general  chart  of  China,  on  that  of 
1 :  8,000,000 ;  and  other  charts  to  illustrate  the  geology,  geogra- 
phy of  products,  density  and  movements  of  population,  etc.,  in 
China;  also,  a  general  chart  and  several  special  charts  of  Japan. 
The  volume  issued  is  princely  in  its  style  of  publication ;  and  it 
manifests,  besides,  that  the  work  will  be  thorough  in  its  discussion 
of  the  subjects  taken  up. 

The  first  volume  commences  with  a  survey  of  the  general 
topography  of  China  and  Central  Asia.  It  next  treats  of  the 
lOss-formation  of  Northern  China— its  features,  structure  and  ori- 
gin, and  its  relations  to  the  salt  steppes  of  Central  Asia  and  the 
^ss-deposits  of  other  countries.  The  mountain-systems  of  Cen- 
tral Asia  are  then  described,  and  with  this  subject  Part  I  closes. 
Part  II  consists  of  a  history  of  geographical  knowledge  with 
regard  to  China,  and  treats  of  ancient  Chinese  geographies  »nd 
charts,  Chinese  geographical  learning,  and  the  development,  dur- 
ing the  different  periods  of  Chinese  history,  of  the  intercourse  of 
the  people  with  the  people  of  Southern  and  Western  Asia,  and, 
after  the  arrival  of  the  Portuguese,  in  1817,  with  the  nations  of 
Europe, 

The  account  of  the  Idss-formation  of  Northern  China  is  of 
special  interest,  because  of  its  wide  distribution  and  its  connection 
with  the  social  condition  and  welfare  of  the  people.  Baron  von 
Richthofen  observes  that  west  of  the  alluvial  plain  of  the  sea-border 
— which  plain  in  the  vicinity  of  Pekin  extends  175  English  miles 
west  from  the  Petschili  gulf— there  is  a  terrace  of  loss  thirty  to 
eighty  meters  in  height.  Continuing  west,  there  is,  next,  a  mot^n- 
tainous  region  on  the  east  border  of  the  Province  of  Shansi,  and 
then  succeeds  a  plateau  largely  covered  with  l5ss,  which  is  600  to 
1 ,000  metei*s  above  the  sea-level.  Again,  farther  west,  after  pass- 
ing a  mountain  range,  there  is  a  second  plateau,  1,500  to  1,800 
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meters  above  the  sea-level,  which  is  covered  in  great  part  with 
loss.  The  river  F5nn-ho  (a  stream  flowing  southward  into  the 
Hoang-ho,  through  the  center  of  the  Province  of  Shansi),  occupies 
a  deep  channel  cut  through  it  along  its  western  border.  West  of 
this  plateau  there  is  another  mountainous  re^on,  in  which  flows 
north  and  south,  for  300  miles,  the  Hoang-ho  or  Yellow  River. 
Beyond,  through  the  Provinces  of  Shensi  and  Kansu,  the  loss  is 
widely  spread ;  and,  on  the  authority  of  the  missionaries  and  the 
Chinese,  it  continues  in  the  valleys  to  the  most  western  sources  of 
the  affluents  of  the  Hoang-ho.  over  900  miles  from  the  coast.  The 
loss  spreads  northward  along  the  plains  or  valleys  into  Mongolia. 
•Southward,  it  occupies  basins  in  the  broad  valley  of  the  Wei,  the 
largest  tributary  oi  the  Hoang-ho;  and  it  also  occurs  in  the  val- 
ley of  the  Han.  Tt  is  found  also  farther  east  over  parts  of  the  low 
near  Nanking,  Tung-ting  Lake,  and  Po-yang  Luke,  which  are  its 
lands  of  Honan  and  Shantung.  South  of  Honan  it  exists  in  iso- 
lated areas  along  parts  of  the  valley  of  the  Yang-tsze  Hiver,  as 
extreme  southern  positions.  Its  greatest  areas  are  in  the  i-egion 
of  the  Hoang-ho  and  \t^  tributaries,  in  some  portions  of  which  it 
has  a  thickness  of  several  hundred  feet — even  2,000  to  2,600,  ac- 
cording to  Baron  von  Richthofen. 

The  material  of  the  loss,  like  that  along  the  Rhine,  is  a  brown- 
ish-yellow earth  (whence  the  name  "  Yellow  Hiver,"  given  to  the 
Hoang-ho),  very  porous,  exceedingly  fine  in  grain,  and  friable 
when  d^;  and  affording  on  chemical  analysis,  more  or  less  car- 
bonate of  lime.  It  often  contains,  at  different  levels,  calcareous 
concretions  (Loss-m&nnchen) ;  and  also  in  some  places  the  shells 
of  land-snails  and  bones  of  terrestrial  mammals,  but  never,  accord- 
ing to  the  author,  shells  of  fresh- water  snails.  Vegetable  remains 
also  occur  in  it.  From  top  to  bottom  it  is  penetrated  by  very 
small  tubular  passages,  which  are  like  those  that  are  now  in  many 
places  left  by  the  rootlets  of  grasses  and  other  small  plants,  after 
their  decay ;  and  these  are  set  down  as  evidence  that  the  whole 
mass  of  the  I5ss  has  been  successively  penetrated  by  the  roollets 
of  growing  plants.  The  loss  deposits  have  very  generally,  as  on 
the  Rhine,  a  vertical  cleavap^e  structure  leading  to  its  becoming 
eroded  vertically,  and  is  without  the  thin  horizontal  lamination  or 
planes  of  bedding  of  ordinary  alluvium.  Therfe  are  oft^n,  how- 
ever, at  intervals  usually  of  more  than  fifty  feet  (but  varying  from 
a  few  feet  to  more  than  a  hundred),  horizontal  divisional  planes 
which  are  usually  connected  with  planes  of  concretions.  In  con- 
sequence of  these  structural  peculiarities,  the  loss  fronts  the  val- 
leys with  high  vertical  walls,  m  which  are  occasional  horizontal 
terrace-like  shelves.  It  becomes  reduced  by  intersecting  streams 
or  streamlets,  and  the  rills  from  the  heavy  rains,  to  regions  of 
deep  and  narrow  labyrinthine  passage-ways,  groups  of  lofty  obe- 
lisks, castles,  clustered  towers.  Instructive  views  of  its  scenery 
are  given  in  the  volume. 

Baron  von  Richthofen  discusses  the  theories  as  to  the  origin  of 
the  loss,  and  adopts  that  which  he  had  advocated  in  his  memoirs 
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on  the  Provinces  of  Honan  and  Shansi,  published  at  Shanghai  in 
1 870.     He  objects,  with  reason,  to  the  theory  of  marine  submer- 

fence,  advocated  by  T.  W.  Kinssmill,  Esq.,  in  the  Quarterly 
ournal  of  the  Geological  Society  tor  1871  (p.  376,)  on  the  ground 
that  the  shells,  bones  and  vegetation  are  all  terrestrial ;  that  th«^ 
are  no  marine  relics  of  anv  kind  in  the  deposits ;  and  states  that 
it  would  require  an  oscillation  of  level  of  several  thousand  feet, 
which  would  give  a  chance  for  the  introduction  over  the  area  of 
China,  within  comparatively  recent  times,  of  all  kinds  of  marine 
life.  He  rejects  also  the  view  that  the  loss  is  of  freshwater  origin 
deposited  from  the  waters  of  vast  lakes  that  formerly  covered  a 
large  part  of  the  country — the  opinion  brought  out  by  Raphael 
Pumpelly  in  his  valuable  "  Geological  Researches  in  China,  Mon- 
golia and  Japan,"  published  in  1806  ;*  urging  that  the  shells  are 
not  transported  shells,  but  instead  occur  where  they  were  left  by 
their  animals;  that  there  are  no  freshwater  species;  that  the 
indications  of  vegetation  (mentioned  above)  are  so  extensively 
distributed  through  the  I5ss,  that  the  plants  must  have  grown 
abundantly  over  its  surface  as  the  accumulation  went  forward 
instead  of  being  a  deposit  by  transporting  waters ;  that  the  bones 
of  mammals  indicate  also  that  they  have  not  been  transported. 
He  says  also  that  there  is  no  evidence  of  glacial  origin,  no 
moraines  or  other  marks  of  glaciers  having  been  observed  in  any 
part  of  the  country. 

Baron  von  Richthofen  holds  that  the  l6ss  formation  is  a  Snbaerial 
accumulation,  due  to  the  drifting  action  of  the  winds;  to  trans- 
portation by  rivulets  from  the  hills  immediately  adjoining  each 
l5ss  basin ;  and  to  the  mineral  material  left  over  the  basin  by  the 
growing  grasses  and  other  plants.  The  first  and  the  last  of  these 
causes  are  made  the  most  effectual.  The  degradation  of  the  rocks 
of  the  neighboring  hills  by  decomposition  and  alternate  changes 
of  temperature,  produces  the  loose  grains  for  transportation.  ITie 
plants  covering  the  great  plains  served  to  stop  the  wind-drifted 
earth,  and  so  keep  the  accumulation  ever  in  progress.  He  observes 
that  the  true  Idss  is  made  over  a  dry  surface  and  he  calls  it  land- 
ld88.  But  the  1588  basins  have  generally  had  a  lake  at  center; 
and  about  the  lake  the  deposit  is  uiin-laminated  or  stratified ;  and 

*  Mr.  Pumpelly's  Memoir  was  published  in  a  quarto  of  144  pages,  with  mapSf 
by  the  Smithsonian  Institution,  as  No.  202  of  the  Smithsonian  (>>ntribution8  to 
Knowledge,  Washington,  D.  C,  October,  1866.  The  author  visited  the  region 
northwest  of  Pekin  on  the  borders  of  Mongolia.*  His  descriptions  of  the  features 
of  the  Idss  regions  are  like  those  of  von  Richthofen.  He  says,  after  alluding  to  its 
vertical  cleavage :  **  The  country  is  often  cut  up  by  gullies  thirty  to  seventy  feet 
deep,  and  from  ten  to  twenty  feet  wide,  with  vertical  walls.  In  these  channels 
wagon-roads  run  for  many  miles  without  rising  to  the  plain.  In  the  valley 
between  the  Kwantung  (pu)  and  the  Tangkau  defile,  I  crossed  a  gully  forty  or 
fifty  feet  deep  and  not  more  than  four  feet  wide,  having  the  same  breadth  all  tiie 
way  down,  and  following,  with  these  dimensions,  a  tortuous  course  for  more  than 
a  mile."  ''  Wherever  a  clii!  of  this  deposit  presents  itself,  the  beginning  of  this 
action  is  visible.  The  surface  drainage  of  a  small  neighboring  area  of  the  plain 
being  concentrated  toward  one  point  on  the  edge  of  tiie  diif,  outs,  in  its  UH  a 
channel  from  top  to  bottom,  and  this  with  each  succeeding  rain  works  its  way 
backward  toward  the  mountain.  As  the  erosion  prog^resses,  the  sides  of  the 
g^Uies  oflfer  new  starting  points  for  tributary  ravines." 
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this  he  calls  lake-Idas.  The  lakes  had  formerly  greater  width  than 
now ;  and  in  the  valley  of  the  Wei  where  the  true  I6s8  is  exten- 
sive, he  has  seen  it  overlying  the  laminated  lake-loss.  About 
the  dried-up  basins,  under  the  present  dry  climate,  salt  efflores- 
cences are  common. 

From  all  the  facts  he  concludes  that  the  I5s9-basins  were 
originally  sites  of  salt  lakes;  that  the  land  had  less  height  in  the 
interior  to  the  northward  than  now,  as  shown  by  the  succession  of 
l5ss  basins  going  west,  and  that  the  basins  had  consequently  very 
great  extent ;  that  the  climate  was  so  dry  that  the  evaporation 
exceeded  the  fall  of  water,  and  consequently  the  streams  were 
very  feeble,  or  dried  up,  and  that  this  was  another  occasion  for 
great  und rained  basins ;  that  the  true  l5ss  was  formed  about  the 
dry  borders  of  the  basins  by  the  methods  above  mentioned,  and 
gradually  spread  inward  covering  the  lake-loss  as  the  water  of  the 
basin  diminished,  so  ^ving  the  upper  surface  of  the  deposit  a 
slight  pitch  inward,  which  feature  he  states  (as  also  Pumpelly) 
is  common ;  that  the  condition  of  Northern  China,  at  the  time, 
was  much  like  the  present  state  of  the  salt-steppes  of  Central 
Asia ;  and  that  the  loss-making  era  was  brought  to  an  end  by  a 
change  of  climate  in  which  great  rains  changed  the  rivers  to 
floods,  which  led  to  their  cutting  channels  through  the  basins  and 
opening  up  the  present  system  of  drainage.  Thus  the  Hoan^-ho 
came  into  its  modem  existence.  The  reference  to  a  less  height 
formerly  over  the  interior  than  now  would  seem  to  imply  that 
this  drainage  result  was  promoted  also  by  an  elevation  to  the 
present  level  The  Idss  where  it  adjoins  the  hills  often  contains 
alternating  beds  of  pebbles  and  earth ;  a^d  this  is  attributed  to 
rivulets  from  these  hills.  The  salt-steppes  of  Central  Asia  are 
particularly  described  in  order  to  illustrate  the  views  advanced. 

Mr.  T.  W.  EingsmilPs  article,  referred  to  above,  was  written 
as  a  criticism  of  Baron  von  Richthofen's  views ;  and  it  i^  of  inter- 
est here  to  have  his  arguments.  The  most  important  are  these : 
.that  the  disintegration  going  on  over  the  hills  is  a  very  inadequate 
source  of  matenal  for  such  great  and  thick  deposits,  and  the  winds 
an  insufficient  means  of  transportation ;  that  the  plants  could 
furnish  to  the  mineral  accumulations  only  what  they  took  from  it, 
and  hence  would  add  nothing ;  that  the  loss  is  so  easy  of  removal 
that,  if  terrestrial  in  origin,  it  would  have  been  more  or  less 
carried  ofl^  and  hence  so  thick  accumulations  could  not  have  been 
made.  Mr.  Pumpellv's  memoir  appeared  in  advance  of  Baron 
von  Richthofen's.  He  argues  (from  facts  observed  northwest  of 
Pekin  and  about  Ealgan)  for  the  freshwater  and  lacustrine  origin  of 
the  loss  from  the  presence  of  shells  in  the  deposits  (at  Te  Hai) ; 
from  the  unifoim  constitution  and  fineness  of  tne  loss,  this  '*  prov- 
ing that  it  has  not  come  from  what  were  the  neighboring  shores, 
but  that  it  was  brought  into  the  lakes  by  one  or  more  large  rivers, 
which  must  have  drained  an  area  of  great  extent."  J.  d.  d. 

2.  International  Geological  Congress,  —  The  number  of  this 
Journal  for  December  of  1876  contains  the  announcement  of  the 
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appointment  of  a  Committee,  by  the  American  Association  for 
the  Advancement  6f  Science,  to  take  action  with  reference  to 
holding  an  International  Geological  Congress  at  Paris,  during  the 
Paris  Exposition  of  1878;  and  also  the  resolution  adopted,  and 
a  statement  of  the  objects  to  be  accomplished ;  the  facts  beine 
derived  from^a  Circular  issttod  by  the  Committee,  of  which  Prol 
James  Hall  is  Chairman. 

At  the  recent  meeting  of  the  Association,  at  Nashville,  a  report 
on  the  subject  was  presented  by  the  Secretary  of  the  Committee, 
Dr.  T.  Sterry  Hunt  According  to  it,  the  circular  was  sent  to 
learned  societies  over  the  world,  and  has  everywhere  called 
forth  gratifying  response&  The  Geological  Society  of  France  has 
expressed  its  hearty  cooperation ;  and  English,  Russian,  Swedish, 
Norwegian,  Austrian,  Spanish  and  Italian  geological  societies  and 
geologists  have  given  their  approbation,  and  assurances  that  they 
will  further  the  objects  of  the  Congress.  Prof.  Capellini  has,  in 
this  connection,  called  attention  to  the  fact  that  in  1874  he  hud 
the  project  of  a  similar  International  Geological  Congress,  to  be 
held  in  Italy,  before  the  Italian  Minister  of  Agriculture,  Industry 
and  Commerce.  Germany  has  declined  to  take  any  part  in  the 
French  International  Exhibition,  but  this  may  not  prevent  her 
geologists  from  joining  in  the  proposed  Congress.  The  precise 
date  'of  the  Congress  has  not  yet  been  fixed.  The  Secretary  of 
the  Committee  is  now  in  correspondence  with  the  Secretary  ofthe 
Geological  Society  of  France  upon  this  point,  and  believes  that  a 
time  convenient  to  all  will  be  agreed  upon. 

The  Report  also  embodied  a  resolution  of  the  Standing  Com- 
mittee of  the  Association  recommending  that  the  Presidents,  for 
the  time  being,  of  the  Geological  Societies  of  France,  London, 
Edinburgh,  Dublin,  Berlin,  Belgium,  Italy,  Spain,  Portugal,  and 
the  Imperial  Geological  Institute  of  Vienna,  be  invited  to  form 
part  of  the  Commission. 

After  the  presentation  of  the  report  to  the  American  Associa- 
tion, the  Secretary  received  official  notice  that  the  Greological 
Society  of  France,  had,  in  codperation  with  the  above  plan,  ap- 
pointed in  Paris  a  local  committee  of  organization  for  the  pro- 
posed Congress,  constituted  as  follows :  H6bbrt,  President ; 
TouRNOUER  and  Albert  Gaudry,  Vice-presidents;  Biochb, 
Treasurer;  Jannetaz,  Secretary-general;  Dblairb,  Sauvage, 
Brocchi  and  V6lain,  Secretaries ;  with  the  following :  Belgrakd 
Bureau,  db  CfiANcouRTOis,  G.  Cottbau,  Damour,  DaubrAb, 
Dklafossb,  Dklbbsk,  Descloizeaux,  Dbsnoters,  FouQufe, 
Gervais,  Gbunbr,  De  L apparent.  Mallard,  Milnb-Edwakds, 
Pellat,  Marquis  de  Roys  and  L.  Vaillant,  members  of  the 
Committee. 

A  circular  issued  by  this  Committee,  bearing  date  July  81,  in- 
vites all  those  interested  in  geological,  mineralogical  and  paleon- 
tological  studies,  to  take  part  in  the  approaching  Congress,  and 
to  subscribe  the  sum  of  ttoelve  franc*  each,  which  will  give  a  card 
ot  admission  to  the  Congress,  and  right  to  all  the  publications 
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thereof.  All  those  who  intend  to  be  present  are  at  the  same  time 
invited  to  send,  as  soon  as  possible,  a  list  of  the  questions  which 
seem  to  them  worthy  of  general  discussion,  as  well  as  of  the  com- 
munications which  they  intend  to  make  touching  these  questions. 
They  are  also  invited  to  indicate  what  time  appears  to  them  most 
convenient  for  the  meeting  of  the  Congi^ess. 

As  regards  an  International  Geological  Exhibition,  the  Paris 
Committee  of  organization  state  that  the  difficulty  of  finding  a 
suitable  locality  seems  to  them  an  obstacle  in  the  way  of  realizing 
this  part  of  the  programme.  They  hope  however  that  there  will 
be  many  special  collections  sent,  and  beg  the  exhibitors  of  such 
to  give  the  committee  due  notice  of  these,  in  order  that  a  special 
catalogue  of  them  may  be  prepared. 

The  circular-  issued  by  the  Committee  of  the  American  Associa- 
tion did  not  contemplate,  as  Dr.  Hunt  states,  the  holding  of  an 
International  Geological  Exhibition  apart  from  the  Universal 
Exhibition,  but,  in  the  language  of  that  circular,  the  making  as 
complete  as  possible  the  geological  department  of  the  Universal 
Exhibition.  It  is  certain  that,  as  at  all  previous  similar  exhibi- 
tions, the  different  nations  will  contribute  more  or  less  of  geo- 
logical material;  and  it  was  conceived  that  such  collections, 
extended  and  systematized  in  accordance  with  the  plan  set  forth 
in  the  circular,  would,  while  forming  a  part  of  the  Universal 
Exhibition,  without  farther  cost  meet  all  the  requirements  of  an 
International  Geological  Exhibition.  To  the  accomplishment  of 
this  end  it  will  only  be  necessarv  for  the  exhibitors  of  all  nations 
to  send  a  li^t  of  their  geological  contributions  to  the  local  Com- 
mittee of  organization  at  Paris. 

All  correspondence  relating  to  the  Congress  should  be  addressed 
to  Dr.  Jannetaz,  S^'cretaire-g^n^ral,  Rue  des  Grands  Augustins, 
7,  Paris,  France,  and  all  moneys  sent  to  Dr.  Bioche  at  the  same 
address. 

8.  Palceontologg  of  New  York,  Illustrations  of  Devonian 
JFossUs:  Gasteropoda^  Pteropoda^  Cephalopoda^  Crustacea  and 
Citrals^  of  the  Upper  Helderberg^  Hamilton  and  Chemufig 
Groups;  bj  James  Hall.  Over  140  quarto  plates.  Albany,  1876. 
Published  m  advance  of  the  Palaeontology  of  New  York,  by 
authority  of  the  Legislature  of  the  State  of  New  York. — Volume 
IV  of  Professor  HalPs  great  work  on  the  Paleontology  of  New 
York  was  published  in  1807,  and  contained  descriptions  and  fig- 
ures of  the  fossil  Brachiopods  of  the  Upper  Helderberg,  Hamilton, 
Portage  and  Chemung  groups,  illustrated  bv  about  seventy  plates. 
Since  its  publication,  as  the  Preface  to  tnis  new  volume  states, 
the  drawings  for  the  plates  of  the  remaining  part  of  the  Devonian 
fossils  have  been  going  forward,  while,  through  duties  connected 
with  the  care  of  the  Museum,  in  connection  with  impaired  health, 
the  descriptions  still  remain  incomplete.  In  1875,  eighty  plates 
of  the  Lamellibranchs  had  been  drawn  and  lithographed,  and  the 
drawings  of  the  greater  part  of  the  G^teropods,  Pteropods, 
Cephalopods  and  Crustacea,  now  issued  in  this  new  volume,  had 
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been  finished,  while  those  of  the  Corals  were  in  progress.  Dnr- 
ing  that  year  the  Legislature  of  the  State  authorized  the  publica- 
tion, by  the  albertype  process,  of  a  hundred  copies  of  each  of  one 
hundred  of  the  plates,  and,  the  following  year,  of  thirty  additional 
plates.  Througn  this  means  the  new  volume  of  plates,  with  the 
explanatory  pages  of  text,  has  been  issued.  All  tne  plates  it  con- 
tains were  photographed  from  excellent  original  drawings,  except- 
ing part  of  those  of  the  Corals  which  are  direct  from  the  specimens. 
The  most  of  the  drawings  were  made  under  the  supervision  of 
Mr.  R.  P.  Whitfield,  and  many  of  those  of  the  6a8t^t>poda  and 
Cephalopoda  with  his  aid. 

The  plates  form  a  beautiful  volume,  and,  with  the  explanations 
accompanying  each,  they  constitute  a  work  which  will  be  of  great 
immediate  service  to  the  science  even  without  the  promised  vol- 
ume of  text.  The  idbertypes,  by  E.  Bierstadt,  are  admirable,  and 
those  direct  from  the  specimens  of  corals  are  unusually  fine.  In  pre- 
paring the  explanations  of  the  plates  of  Corals,  Dr.  Rominger, 
whose  labors  and  publications  in  connection  with  the  Michigan 
etiological  Survey  have  made  him  an  authority  in  that  depart- 
ment, was  conferred  with,  in  order  to  avoid  any  duplication  of 
species. 

Professor  Hall  states  that  to  complete  the  Devonian  Cephalo- 
poda, the  number  of  plates — here  forty — will  have  to  be  doubled, 
the  plates  of  the  Crustacea  will  need  some  additions,  and  those  of 
the  Corals,  here  over  forty,  will  have  to  be  greatly  increased  in 
number.  .  Prof.  Hall's  labors  have  been  of  vast  service  to  Ameri- 
can Paleontology,  and  of  great  honor  to  the  State  under  whose 
auspices  his  Reports  have  been  published,  and  it  is  to  be  hoped 
that  they  will  not  be  brought  to  a  close  before  every  fossil  species 
of  the  New  York  rocks  has  been  illustrated  and  described. 

4.  TSioenty-eighth  AnnucU  Report  of  the  New  York  Siate 
Museum  of  Natural  History^  by  the  Regents  of  the  University  of 
the  State  of  New  York.  100  pages,  8vo,  with  84  plates.  Trans- 
mitted to  the  Legislature,  March  30,  1875.  Albany,  1875. — ^This 
Report,  whose  contents  are  mentioned  on  pa^e  432,  is  one  of  special 
paleontological  value.  The  chief  article  is  by  Prof.  Hall,  and 
consists  of  plates  and  their  explanations  illustrating  '^  the  fauna 
of  the  Niagara  Group  in  Central  Indiana."  The  nuniber  of  plates 
is  thirty-two.  The  figures  include  species  of  fossil  Soon^es, 
Corals,  Crinoids,  Bryozoans,  Brachiopods,  Gasteropods  and  Trilo- 
bites,  many  among  them  new. 

The  first  two  plates  illustrate  new  species  of  Fungi,  described 
by  the  State  Botanist,  C.  H.  Peck.  The  new  Trenton  fossils  de- 
scribed by  C.  D.  Walcott  are  of  the  genera  Conularia^  Concho- 
peUis  (new  patelliform  shell),  Bc^thyurus  and  Asaphus, 

5.  ilotes  on  some  new  sections  of  TrUohites  from  the  Trenton 
Limestone  and  descriptions  of  new  species  of  fossils^  by  C.  D. 
Walcott.  22  pp.  8vo,  with  one  plate.  Pubushed  in  advance  of 
the  Rep.  N.  Y.  State  Museum,  Sept.  '20,  1877. — In  this  paper  Mr. 
Walcott  gives  an  account  of  the  discovery  of  articulated  append- 
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ages  connected  with  the  mouth  of  Trilobites,  derived  from  sec- 
tioos  of  Trenton  specimens  of  Calymene  aenaria^  Ceraums  pleurex- 
anthemtut  and  Aoidaspis  Trentonensis.  Only  two  sections  are 
figured  and  their  precise  position  across  the  head  is  not  stated. 
More  sections  are  needed  before  the  facts  observed  can  be  satis- 
factorily interpreted. 

Mr.  Walcott  has  also  observed  in  sections  of  the  body  of  a 
Ceraums  pleurexanthemtis  what  he  regards  as  remains  of  the  ova 
of.  the  animal,  similar  to  those  described  by  Barrande  as  occurring 
in  Barrandia  crassa.  The  space  between  the  dorsal  shell  and  the 
ventral  membrane,  and  the  cavity  of  the  head  in  part,  were  found 
to  be  filled  with  the  ovoidal  bodies,  over  200  of  which  were 
counted  in  one  section.  The  diameters  were  one-quarter  and  one- 
half  of  a  millimeter.  The  eg^  of  Crustaceans  are  so  destructible 
that  the  question  naturally  arises  whether  the  ovoidal  bodies  are 
not  of  concretionary  origin. 

6.  Large  Bowlders  in  New  Hampshire. — One  of  the  largest  of 
bowlders  has  been  recently  found  by  Governor  Prescott  upon  the 
land  of  E.  H.  Chase  in  the  west  edge  of  Nottingham,  New  Hamp- 
shire, at  the  base  of  Pawtuccaway  Mountain.  It  measures  62  feet 
long,  40  wide  and  is  at  least  50  feet  high.  The  cubic  contents  are 
about  70,000  feet,  giving  for  the  weight  nearly  6,000  tons.  Close 
by  this  are  two  others,  each  including  nearlv  50,000  cubic  feet ; 
and  within  the  distance  of  one-fourth  of  a  mile  are  nine  more  of 
about  the  same  size. 

The  largest  bowlder  in  Vermont  is  called  the  Green  Mountain 
Giant,  lying  on  a  hill  in  Whitingham ;  it  contains  40,000  cubic 
feet — Daily  Monitor^  Concordy  New  Mampshire^  Oct.  15. 

7.  AppliccUion  of  Organic  Acids  to  the  Examination  o^  Min- 
erals ;  by  H.  (3abbington  Bolton,  Ph.D.  36  pp.  8vo,  with  one 
plate.  New  York  Acad.  Sci,  i,  1877. — Professor  Bolton  presents 
m  this  memoir  the  results  of  a  long  investigation  with  regard  to 
the  action  of  citric,  tartaric,  and  oxalic  acids  on  minerals,  and 
their  use  in  the  determination  of  species ;  and  also  of  a  few  trials 
with  malic,  formic,  acetic,  benzoic,  pyrogallic,  and  picric  acids. 
The  minerals  were  subjected  to  the  acids  in  powder,  the  solid 
acids  having  been  made  into  saturatecl  solutions. 

From  a  table  in  the  concluding  part  of  the  memoir,  we  take 
the  following  reactions  of  citric  acid.  COg  is  ^ven  off  when  the 
cold  acid  acts  on  the  mineral  carbonates,  excepting  magnesite  and 
siderite  which  require  heat  00 ,  is  also  given  off.  when  acting 
with  the  hot  acid  on  wad,  hausmannite,  manganite,  and  psilo- 
melane.  H^S  is  liberated  when  acting  with  the  cold  acid  on  stib- 
nite,  galenite,  sphalerite,  pyrrhotite, .  and,  with  the  hot  acid  on 
bomite  and  boumonite  as  well  as  the  preceding.  A  jelly  is  formed 
when  the  hot  acid  acts  on  willemite,  datolite,  pectolite,  calamine, 
natrolite ;  and  non-gelatinous  silica,  when  the  same  acts  on  wollas- 
tonite,  chrysolite,  chondrodit6,  chrysocolla,  prehnite,  apophyl- 
lite,  rhodonite,  analcite,  chabazite,  stilbite,  sei7>entine,  retinalite, 
deweylite.    The  following  minerals  are  decomposed  by  boiling 
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with  citric  aeid  and  KNO3 :  ar^entite,  chalcocite,  pyiite,  marca- 
site,  niccolite,  smaltite,  cbalcopynte,  ullmaDnite,  arseDopyrite,  te- 
trahedrite,  uraninite,  and  also  the  species  above  enumerated  as 
decomposed  with  the  HjS.  The  following  are  decomposed  by 
boiling  with  citric  acid  and  NH^Fl :  olivine,  wemerite,  ortho- 
clase,  nlhite,  labradorite,  augite,  diopside,  hornblende,  cyanite, 
talc,  spodumene,  almandine  garnet,  epidote,  and  also  the  above- 
enumerated  species  which  yield  silica. 

Professor  Bolton  remarKs  that  solid  citric  (or  tartaric)  acid  is 
far  more  convenient  than  hydrochloric  for  the  traveling  mineral- 
ogist; aud  also  that  potassium  nitrite,  KNO^,  should  be  added  to 
the  usual  list  of  blowpipe  reagents ;  for  it  yields  with  citric  acid, 
nitric  acid,  and  it  affords  a  convenient  means  of  carrying  this 
reagent.  We  refer  to  the  memoir  for  special  detaik  with  reference 
to  the  several  mineral  species  studied  by  Professor  Bolton. 

8.  N^(fte  on  Uranium  minerals  in  North  Carolina;  by  W.  C. 
Kerb,  State  Geologist.  (Communicated.) — Besides  the  samarskite 
of  the  Wiseman  Mica  Mine  in  Mitchell  County,  with  the  associated 
hatchcttolite  of  Dr.  Smith,  the  minute  crystals  of  microlite  found 
in  several  mines,  and  some  stains  and  incrustations  of  uranium 
compounds,  a  new  locality,  the  Flat  Hock  mine,  recently  visited, 
has  yielded  the  following,  in  immediate  association,  viz :  Uranir 
nite^  Gummite^  UraconiU^  and,  as  incrustations  on  the  outside  of 
the  latter,  and  of  the  fragments  of  rock  adjacent,  Tt/rbemite  and 
AtUunite,  These  minerals  occur  only  in  one  part  of  the  mica- 
bearing  poition  of  a  very  large  granite  vein,  and  are  found  in 
irregular  nodules  and  rounded  masses,  some  with  a  nucleus  of 
uraninite  of  one-half  to  three-fourth  inch,  enveloped  with  a  heavy 
layer  of  giunmite,  outside  of  which  is  a  pale  yellow  earthy  coating 
from  an  eighth  to  a  fourth  of  an  inch  thick,  which  is  uranochre, 
or  uraconite.  One  lump,  the  largest,  weighs  just  a  pound,  and  in 
all  I  obtained  between  three  and  four  pounds.  The  quantity  of 
pitchblende  remaining  unaltered  is  very  small  and  by  far  the 
greater  part  of  the  mass  of  the  nodules,  probably  nine-tenths,  is 
gummite ;  and  the  smaller  ones  are  nearly  or  entirely  changed  to 
uraconite. 

I  have  recently  obtained  specimens,  one  pound  in  weight,  of 
samarskite  from  a  new  locality,  viz:  Grassy  Creek  Mine,  in  Mitchell 
County.  Previously  this  mineral  had  been  found  chiefly,  I  believe 
only,  at  the  Wiseman  Mine. 

A  notable  fact  in  connection  with  the  occurrence  of  these  ura- 
nium compounds  is  their  association  with  a  characteristic  pinkish 
feldspar,  which  suggests  the  inquiry  whether  there  may  not  be 
another  mineral  of  this  group  not  yet  determined;  and  this  is 
rendered  the  more  probable  by  the  presence,  in  the  Wiseman  Mine 
at  least,  of  a  thin  earthy  coating  on  the  cleavage  surface  of  the 
feldspar  of  a  pronounced  pinkish  color.  Professor  Julien  has  some 
of  this  in  hand  for  determmation,  as'  soon  as  he  can  isolate  enough 
for  that  purpose. 


Digitized  by  VjOOQIC 


Botany  and  Zoology.  497 


III.  Botany  and  Zoologt. 


1.  The  Wild  Flowers  of  America  ;  illustrated  by  Isaac  Spbague. 
Text  by  George  L.  Goodale,  M.D.,  Assistant  Frofessor  of  Vege- 
table Physiology  and  Instructor  in  Botany  in  Harvard  University. 
Part  II.  Boston,  H.  O.  Houghton  &  Cfo. — No  color-printing  of 
flowers  in  this  country  had  at  all  equalled  that  of  the  first  part  of 
this  beautiful  work.  Yet  the  long  interval  between  its  appearance 
and  that  of  the  present  fasciculus  need  not  be  regretted,  since  it 
has  enabled  the  lithographers  to  do  still  better  justice  to  Mr. 
Sprague's  drawings,  and  to  the  beautiful  subjects  of  them.  Those 
unacquainted  with  the  perfection  to  which  the  art  has  been 
brought  will  find  it  hard  to  believe  that  these  plates  have  not 
been  painted  by  the  hand,  and  by  no  ordinary  hand.  The  text 
is  well  done,  especially  where,  as  in  the  Iris  or  blue  Flag,  and  the 
Arrow-leaved  Violet,  the  subject  allowed  of  interesting  treatment. 
The  flowers  not  having  been  selected  for  other  than  pictorial  rep- 
resentation, it  sometimes  happens  that  there  is  little  to  say  about 
them.  But  when  the  nomenclature  has  been  brought  up  to  date 
so  closely  as  to  adopt  the  genus  Steironeniay  it  might  have  been 
mentioned  that  the  cogent  reason  for  the  rehabilitation  of  liafln- 
esque's  genus  was  not  the  sterile  filaments,  which  were  known 
from  the  first  and  suggested  the  name,  but  the  involution  of  the 
petals  in  the  bud  around  the  filaments,  separately  enwrapping 
each,  which  was  a  new  discovery.  In  the  letter-press  accom- 
panying the  very  pretty  plate  of  Viola  sagiUata  (which  is  well 
set  off  with  a  tuit  of  sedge  behind  it),  the  method  of  tihe  discharge 
of  the  seeds  is  clearly  explained,  and  the  nearly  similar  mode  m 
Hatnamelia  is  incidentally  alluded  to  as  if  it  were  a  recent  dis- 
covery of  the  persons  mentioned.  Far  earlier  dates  are  referred 
to  in  this  Journal  for  Feb.,  1873,  with  a  reference  to  the  amusing 
muddle  of  the  subject  into  which  an  English  scientific  periodical 
was  led.  Eastern  flowere  have  served  hitherto ;  but  in  the  present 
fasciculus  the  ultra-Mississippian  Rudbeckia  {Lepachya)  columna- 
ris  figures,  and  to  great  advantage,  especially  the  two-colored 
variety.  The  velvety  red-brown  bases  of  the  drooping  yellow 
rays  is  admirably  rendered.  a.  g. 

2.  Cleistogamy  in  Impatiens. — When  M.  A.  Loche,  a  year  ago, 
read  a  paper  before  the  Botanical  Society  of  France  (printed  in 
its  Bulletin,  xxiii,  867),  in  w^hich  he  described  the  production 
of  fruit  and  seeds  in  impatiens  Nblitangere,  apparently  without 
participation  of  the  male  sex,  and  when  two  learned  botanists 
present  suggested  that  this  might  be  a  case  of  clandestine  flower- 
ing or  close-fertilizing  in  the  bud,  as  in  Lamium  and  in  Viola^  it  is 
remarkable  that  no  one  called  attention  to  the  fact  that  this  ease 
of  Impatiens  was  described  and  properly  explained  by  Adrien  de 
Jussieu  thirty-three  years  ago,  in  a  classical  work,  ana  the  obser- 
vation credited  to  Weddell,  the  excellent  botanist  whom  we  have 
since  lost.  a.  g. 
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3.  Catalogue  Plantarum  in  Nova  Ccesarea  Hepertarutn, — Tliis 
is  the  title  on  the  cover.  The  title  page,  ail  English,  is  "  Catalopie 
of  Plants  .growing  without  cultivation  in  the  State  of  Kew  Jer- 
sey, with  a  specific  description  of  all  the  species  of  Violet  found 
therein,  Directions  for  Collecting,  Drying,  Labeling  and  Preserv- 
ing Botanical  Specimens,  and  a  descnption  of  suitable  apparatus 
therefor ;  with  suggestions  to  Teachers  prosecuting  the  study  of 
Botany ;  to  which  is  added  Directions  for  commencing  the  study 
of  Botany ;  also  a  Directory  of  living  Botanists  of  North  Amer- 
ica and  the  West  Indies.  By  Oliver  R.  Willis,  Ph.D.,  Instructor 
of  Natural  Science  in  the  Alexander  Institute.  Revised  and 
enlarged  edition,  (A.  S.  Barnes  &  Co.:  New  York,  &c''  8vo, 
pp.  88.)  This  full  title  leaves  no  need  and  little  room  for  any 
particular  account  of  this  compendious  volume.  It  lacks  only  a 
date,  which  we  may  put  at  1877,  and  it  has  an  Index.  The  pref- 
ace to  the  first  edition  bears  the  date  1874.  We  gave  a  notice  of 
the  original  edition  at  the  time;  the  present  edition  is  much  en- 
larged and  improved.  The  author,  supposing  that  his  publication 
^^  will  fall  into  the  hands  of  men  who  can  form  a  just  estimate  of 
the  difiiculties  and  labor  incident  to  the  preparation  of  a  work 
like  this,"  adds  that,  "  consequently  I  expect  to  be  judged  with 
lenity  and  criticised  with  charity."  We  see  no  good  reason  for 
disappointing  his  expectations.  We  will  add — since  the  title 
page  does  not  mention  it — that,  while  the  catalogue  stops  with 
the  Zycopodiacea^  it  is  supplemented  by  one  of  marine  Algae,  by 
Samuel  Ashmead,  and  that  there  is  a  monograph  of  the  forms  or 
varieties  of  the  fruit  of  one  of  the  States^  staple  products,  the 
cranberry.  New  Jersey  has  a  nch  flora,  as  is  well  known.  This 
catalogue  enumerates  1,60;^  species  of  Phsenogamons  plants,  and 
states  that  there  are  fifty-seven  first  class  and  thirty-fieven  second 
class  trees.     But  this  includes  introduced  species.  a.  g. 

4.  SiB  Joseph  Dalton  Hookkb  reached  his  home  at  Kew  on 
the  19th  of  October,  after  an  unusually  long  voyage  of  almost  a 
fortnight.  In  his  rapid  recounoissance  of  the  botanical  features  of 
the  United  States  he  traveled  over  between  nine  and  ten  thousand 
miles  of  Amencan  territory,  ascended  some  of  the  highest  moun- 
tains, and  botanized  with  a  vigor  and  industry  which  he  could 
hardly  have  excelled  in  his  youthful  days.  The  time — all  too 
short — was  almost  wholly  given  to  the  wide  regions  between  the 
Mississippi  and  the  Pacific,  for  which,  through  the  connection  with 
Dr.  Hayaen's  Survey,  and  with  his  personal  assistance  and  com- 
panionship (as  well  as  that  of  a  fellow  botanist  of  long  experi- 
ence), unusual  i'acilities  were  afforded.  He  promises  to  renew  his 
visit  as  soon  as  possible,  and  then  to  endeavor  to  see  something 
of  the  Atlantic  States  (its  institutions  as  well  as  its  natural  pro- 
ductions), and  also  of  New  Mexico,  Arizona  and  Southern  Califor- 
nia, which  are  now  becoming  readily  and  promptly  accessible  to 
the  rapid-moving  traveler. 

Nature  for  October  26  contains  an  excellent  steel  portrait  of 
Sir  Joseph  Hooker  as  one  of  the  series  of  Scientific  Worthies ;  the 
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accompanying  biographical  notice  is  by  his  companion  in  Ameri- 
can travel,  Professor  Gray,  but  was  written  in  May,  and  was  in 
type  before  Sir  Joseph  reached  this  country.  The  same  number 
of  Nature  contains  two  pages  of  Notes  on  the  Botany  of  the 
Kocky  Mountains,  a  brief  sketch,  drawn  up  by  him  on  tne  home- 
ward voyage.  a.  g. 

5.  George  Hadley,  M.D.,  Professor  of  Chemistry  in  the  Uni- 
versity of  Buffalo,  died,  at  Buffalo,  N.  T.,  Oct.  16,  in  the  63d  year 
of  his  age.  So  passes  to  his  rest  the  last  and  the  oldest  of  the 
three  gifted  sons  of  gifted  and  most  excellent  parents.  The  sub- 
ject of  this  notice,  called  to  a  less  conspicuous  position,  did  not 
attain  the  eminence  of  his  brother  James,  but  rather  followed  in 
the  footsteps  of  his  father.  Professor  James  Hadley,  the  first  Pro- 
fessor of  Chemistry  in  the  Medical  College  of  the  Western  Dis- 
trict, N.  Y.,  at  Fairfield,  then  at  Geneva,  and  lastly  at  Buffalo, 
where  his  son  succeeded  him.  The  father  and  the  son  wen?  singu- 
larly alike,  model  teachers  and  model  meu,  truthful  to  the  core 
and  loveable  exceedingly,  modest  and  quiet  to  a  degree  that 
masked  from  the'world  their  ability  and  their  learning :  but  these 
traits  could  not  be  hidden  from  those  who  in  two  generations 
came  under  their  influence  and  shared  their  abiding  friendship. 
From  the  father  the  writer  of  these  lines  received,  when  a  youth 
of  sixteen,  his  first  help  as  a  student  of  botany,  and  later  his  first 
encouragement  in  essaying  a  scientific  career.  He  would  lay  this 
tribute  to  the  memory  of  both  father  and  son  upon  the  tomb  now 
opened  to  receive  the  mortal  remains  of  the  latter.  a.  g. 

6.  John  Darby,  who  graduated  in  1831  at  Williams  College,  was 
born  in  North  Adams,  Mass.,  Sept  27, 1804.  His  life  was  devoted 
with  remarkable  steadfastness  to  teaching  in  ihe  departments 
of  Mathematics,  Chemistry  and  Natural  History,  for  which  he 
had  a  great  fondness.  For  some  yiars  after  his  graduation  he 
taught  these  subjects  at  the  Barhamville  Female  Institute  in 
Columbia,  S.  C.  He  subsequently  taught  the  same  subjects  for 
many  years  in  the  Georgia  Female  College  at  Macon.  He  filled 
the  chair  of  Mathematics  tor  one  year  in  Williams  College,  his 
alma  mater.  From  this  chair  Professor  Darby  went  to  Auburn 
in  Alabama  as  Professor  of  Chemistry  and  Natural  History  in  the 
East  Alabama  College,  where  he  continued  until  his  death  in 
August,  1877. 

Professor  Darbv*B  scientific  work  outside  the  time  occupied  in 
teaching — to  whicli  he  ever  gave  a  most  conscientious  and  willing 
devotion — was  chiefly  in  botany,  of  which  science  he  was  an 
enthusiastic  student.  In  1866  he  published  his  "  Botan j  of  the 
Southern  States,"  in  two  parts:  L  Structural  and  Physiological 
Botany  and  Vegetable  Products.  IL  Descriptions  of  Southern 
Plants,  arranged  on  the  natural  system,  preceded  by  a  Linnsean  and 
Dichotomous  Analysis.  In  a  critical  notice  of  Professor  Darby's 
work.  Dr.  Gray  ^this  Journal,  vol.  xx,  p.  131,  1855),  says,  "the 
book  is  excellently  planned,  and  is  well  adapted  to  its  purpose, 
— that  of  a  text-book  for  the  Colleges  and  High  Schools  of  the 
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Southern  States."  Professor  Darby  also  published  a  Class-book  of 
Chemistry.  He  was  married  August  20,  1833,  to  Miss  Julia  P. 
Sheldon,  daughter  of  Calvin  Sheldon,  of  Manchester,  Vt.  Profes- 
sor Darby  enjoyed  the  enviable  reputation  of  a  man  of  high 
character  and  pure  life,  zealously  devoted  to  teaching  in  his  cboeen 
departments.  &  s. 

7.  Herbarium  for  sale, — ^The  herbarium  of  the  late  Arthur 
Schott  is  offered  for  sale,  for  the  benefit  of  his  family.  It  is  said 
to  contain  7,000  species,  in  good  condition,  and  to  be  rich  in  plants 
of  the  U.  S.  and  Mexican  Boundary,  of  Mexico,  and  of  Central 
America ;  a  good  many  from  Southern  Germany  and  Hungary. 
Application  to  be  made  to  H.  Schott,  Georgetown,  D.  C. 

8.  Zoological  Diagrams ;  by  Leuckabt  and  Nitschk.* — Pro- 
fessors R.  Leuckart  and  H.  JNitsche  have  just  issued  the  first 
number  of  an  extended  series  of  zoological  diagrams  for  the  use 
of  universities  and  schools.  They  propose  to  issue  from  one  hun- 
dred to  one  hundred  and  ten  such  diagrams,  both  plain  and 
colored,  to  illustrate  the  structure  and  development  of  the  prin- 
cipal forms  of  animal  life.  They  intend  to  copy  their  illustrations 
mainly  from  the  monographs  of  special  investigators  of  acknowl- 
edged excellence,  and  to  reproduce  the  figures  of  a  sufficient  size 
to  be  easily  seen  in  a  class-room  of  moderate  dimensiona  The 
diagrams  are  to  be  accompanied  by  an  explanation  of  the  figures, 
with  German,  French  and  English  text.  The  authors  intend  to 
take  special  care  not  to  follow  any  school  of  zoology  and  always 
to  indicate  in  the  text  the  sources  from  which  their  figures  have 
been  derived ;  they  do  not  propose  to  follow  a  strictly  systematic 
order  in  the  issue  of  the  parts,  but  the  separate  numbers  will 
always  contain  figures  from  different  types  and  groups  of  the 
animal  kingdom.  Professors  Leuckart  and  Nitsche  will  indicate 
bv  their  initials  the  plates  for  which  each  is  personally  responsible. 
The  plates  are  issued  at  a  venr  moderate  price,  at  far  less  than  an 
ordinary  draughtsman  can  afiord  to  make  similar  diagrams. 

The  three  plates  of  the  first  number  are  devoted  to  Corals, 
Khizopods  and  Isopods ;  the  coloring  of  the  various  organs  and 
of  special  parts  is  identical  in  the  different  figures,  thus  greatly- 
facilitating  the  comparison  of  different  animals. 

It  is  a  great  pity  that  both  the  French  and  English  text  should 
be  marred  not  only  by  serious  misprints  but  also  by  the  most 
extraordinary  translations  of  the  German  explanation  of  the  fig- 
ures. The  structure  of  some  of  the  French  and  English  sentences 
is  truly  marvellous,  and  we  earnestly  hope  that  the  authors  will 
employ  a  Frenchman  and  an  Englishman  to  revise  the  text  for  the 
succeeding  numbers.  It  would  often  puzzle  a  reader  who  does 
not  know  French  and  English  as  well  as  German,  to  make  out 
the  meaning  of  the  text. 

But  these  are  minor  defects,  and  if  the  work  is  carried  out  as  it 
has  been  commenced,  it  cannot  fail  to  be  a  most  valuable  guide  to 

♦  Zoologische  "Wandtafeln ;  v.  Dr.  B.  Leuckart  u.  Dr.  H.  Nitsche.  Erste  liefer- 
ung  Tafel  I-IU.    Cassel,  1877. 
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teachers  of  zoology,  for  they  may  rest  assured  that  the  distin- 
guished editors  will  give  them  nothing  which  has  not  stood  the 
test  of  time,  and  we  most  cordially  recommend  the  series. 

A.  AG. 

IV.  Astronomy. 

1.  The  Sun's  Distance,  (Abstract  of  the  Report  of  the  Astro- 
nomer-Royal on  the  Telescopic  Observations  of  tne  recent  Transit 
of  Venus,  from  Nature  of  Nov.  1). — A  most  interesting  state 
paper  has  just  been  issued  ;  we  refer  to  the  Report  by  the  Astro- 
nomer-Royal on  the  Telescopic  Observations  of  the  Transit  of 
Vepus  of  1874,  made  by  the  Expeditions  sent  out  by  the  British 
Government  and  the  results  deduced  from  them.  The  Astronomer- 
Royal  suggests  that  another  report  may  be  called  for  when  the 
photographs  of  the  transit  have  been  completely  measured  and 
worked  out,  if  possible  in  combination  with  the  results  of  similar 
observations  made  in  the  expeditions  organized  by  other  govern- 
ments. 

It  will  be  seen  from  the  present  report  that  the  plan  of  opera- 
tions actually  pursued  has  been  very  nearly  that  proposed  by  the 
Astronomer-Royal  in  his  communication  to  the  Royal  Astronomi- 
cal Society  on  December  11,  1868,  when  for  the  third  time  direct- 
ing attention  to  the  arrangements  which  it  would  be  necessary  to 
make  for  the  efficient  observation  of  the  transits  of  1874  and  1882. 
The  method  of  absolute  longitudes  was  to  be  applied  for  observa- 
tions both  of  ingress  and  egress ;  it  being  therefore  essential  that 
the  longitudes  of  the  observing  stations  should  be  determined  with 
precision  ;  and  the  longitudes  recommended  to  be  fixed  by  Great 
Britain  were  Alexandria,  stations  in  New  Zealand  and  in  the 
Sandwich  Islands,  Kerguelen's  Land,  and  Mauritius  or  the  two 
islands  of  Rodriguez  and  Bourbon. 

The  stations  eventually  selected  for  observatins  by  the  British 
expedition  were  fixed  upon  "entirely  by  consideration  of  the 
influence  which  their  positions  would  have  in  determining  with 
accuracy  the  necessary  alteration  of  parallax."  They  were : 
Egypt,  the  Sandwich  Islands,  the  Island  of  Rodriguez,  Isew  Zea- 
land, and  Kerguelen's  Land.  It  was  intended  to  adopt  in  each  of 
these  districts  one  fundamental  station,  the  longitude  of  which 
was  to  be  independently  determined,  for  conversion  of  local  times 
into  Greenwich  times,  and  subordinate  to  this  primary  station, 
other  stations  were  proposed  to  be  selected  at  such  distances  that 
advantage  might  be  taken  of  different  states  of  weather  that 
might  possibly  prevail. 

In  Egypt  his  Highness  the  Khedive  rendered  every  possible 
assistance,  tents  being  supplied  with  military  guards  for  the  pro- 
tection of  the  observers  and  their  instruments,  and  telegraph  wires 
erected.  The  Astronomer-Royal  acknowledges  the  obligations  of 
the  expedition  to  the  liberality  of  the  Eastern  Telegraph  Company, 
in  affording  the  means  of  determining  with  extreme  accuracy  and 
great  facility  the  longitude  of  the  principal  station  Mokattam. 
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Greenwich  was  easily  connected  with  Forth  Cumo,  in  Cornwall, 
whence  there  is  an  uninterrupted  line  to  Alexandria,  the  longest 
submarine  line  in  the  world;  Alexandria  was  connect^  with 
Mokattam  by  aid  of  the  special  line  constructed  by  the  Khedive 
from  Cairo  to  the  station.  It  is  further  stated  that  time-commuui- 
cation  was  also  made  from  Mokattam  through  Cairo  to  Thebes, 
and  to  Suez  by  the  ordinary  telegraph,  Thebes  and  Suez  being  the 
other  Egyptian  stations  where  the  transit  was  observed. 

In  the  Sandwich  Islands  much  assistance  was  received  from  King 
Kalakaua  and  members  of  the  reigning  family.  The  prineip.il 
station  was  at  Honolulu,  the  longitude  of  which  was  determined 
partly  by  meridian-transits  of  the  moon  and  partly  by  transits  of 
the  moon  observed  with  the  Altazimuth  instrument  Waimea,  in 
the  island  Kauai,  where  observers  were  also  placed,  was  connected 
with  Honolulu  by  means  of  chronometers  carried  in  H.M.S.  Teredo*. 
At  the  Island  of  Rodriguez  the  longitudes  were  determined  in  the 
same  manner  as  for  the  Sandwich  Islands  stations,  for  three  posi- 
tions, viz :  Point  Venus,  the  Hermitage,  and  Point  Coton ;  and 
communication  was  further  made  with  the  Mauntius  aipd  with 
Lord  Lindsay's  expedition  with  the  aid  of  H.M.S.  SheanccUer,  the 
preliminary  results  being  stated  by  Sir  Greorge  Airy  to  agree 
closelv  with  those  given  by  the  lunar  observations.  At  Kergue- 
len's  Ijand,  again,  the  operations  were  similar ;  Supply  Bay  and 
Thumb  Peak  being  the  stations  chosen. 

In  New  Zealand  unfavorable  weather  much  interferred  with 
the  observations,  and  Sir  George  Airy  had  at  first  been  led  to 
suppose  that  all  useful  observation  had  been  lost ;  it  subsequently 
appeared,  however,  that  this  was  not  the  case,  one  phase  of  the 
transit  being  well  seen  at  Bumham,  the  longitude  of  which  was 
fixed  by  meridian  transits  of  the  moon. 

The  report  is  divided  into  three  sections  or  tables.  In  the  first 
are  given  the  descriptions  of  the  various  phenomena,  in  the  words 
of  the  observers,  with  the  Greenwich  sidereal  times  of  the  dififerent 
phases,  obtained  from  accurate  reduction  of  the  observations  for 
longitude  here  particularized  ;  where  such  longitudes  depend  upon 
lunar  observations  the  places  of  the  Nautical  Almanac  were  care- 
fully corrected  by  observations  on  nearly  the  same  days  at  Green- 
wich, Paris,  Strasburg,  and  KSnigsberg.  In  studying  these 
original  descriptions.  Sir  George  Airy  was  led  to  infer  that  it  was 
"  possible  to  fix  upon  three  distinct  phases  for  the  Ingress  and 
four  for  the  JSgress^'^^  though  it  might  have  been  supposed  that 
Egress  and  Ingress  would  exhibit  the  same 'number  of  distinct 
phases  in  inverse  order ;  this  was  not  the  case  in  practice.  The 
first  phase,  a,  utilized  in  the  calculations  is  the  appearance  of  the 
planet  just  within  the  sun's  disc,  but  the  light  between  the  two 
limbs  being  very  obscure.  After  an  interval  of  about  twenty  sec- 
onds "  the  light  Degins  to  clear,  and  the  observera  generally  think 
that  the  contact  is  passed  ;"  this  is  phase  p.  About  twenty  sec- 
onds later,  the  light  which  at  phase  p  was  not  equal  to  that  of  the 
sun's  limb,  is  free  from  all  shadow,  and  the  phase  is  called  y.     Sir 
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George  Airy  finds  that  of  these  phases  >5  is  the  most  exact, 
observers,  even  in  the  presence  of  clouds  of  moderate  density, 
agreeing  within  three  or  four  seconds,  though  for  other  phases 
much  greater  discordances  are  exhibited.  Similarly  at  the  Egress, 
the  first  appearance  of  a  fine  line  or  faint  shadow  is  called  <^,  this 
becoming  definite,  or  a  "brown  haze"  appearino;,  is  called  f. 
When  most  observers  record  "  contact,"  the  shadow  having 
reached  a  maximum  intensity,  the  phase  is  called  <S,  and  in  this 
phase  there  is  an  agreement  amongst  observers,  much  closer  than 
m  other  phases  at  Egress.  The  "  circular"  contact  at  Egress  is 
called  77. 

In  the  second  section  of  the  report,  or  Table  II,  these  "  adopted 
phases  are  massed  for  each  distinct  in  which  the  parallax-factor 
IS  nearly  identical,"  and  several  of  the  details  of  reduction 
are  included.  With  the  longitudes  determined  as  above,  the 
recorded  time  of  the  various  phases  of  the  transit  were  con- 
verted into  Greenwich  sidereal  times.  With  the  calculated 
apparent  places  of  the  sun  and  Venus  in  the  Nautical  Ahnannc^ 
as  deduced  from  Leverrier's  Tables,  an  ephemeris  was  prepared 
exhibiting  the  predicted  geocentric  places  for  every  tentn  second 
of  Greenwich  sidereal  time  throughout  the  transit,  and  from  these 
numbers  the  apparent  positions  of  sun  and  planet  at  each  station 
were  computed.  Calculations  were  further  made,  showing  how 
the  predicted  places  would  be  affected  by  alteration  of  the  local 
longitude,  by  cnange  in  the  tabular  places  of  the  sun  and  Venus, 
and  by  alteration  of  their  tabular  parallaxes ;  the  first  two  altera- 
tions were  not  essential  in  these  reductions,  but  the  determination 
of  alterations  of  the  third  class,  as  it  is  remarked,  constituted  "  the 
special  object  of  the  expedition."  The  form  of  the  reductions  was 
"  entirely  determined  by  the  consideration  that  such  alterations 
must  be  made  in  the  parallaxes  as  will  render  the  observations  of 
the  same  phenomena  in  different  parts  of  the  earth  consistent  with 
each  other."  In  Table  IIL  we  have  "  the  mean  solar  parallax 
deduced  from  every  available  combination."  Thus  Ingress  acceler- 
ated at  the  Sandwich  Islands  is  compared  with  Ingress  retarded 
at  Rodriguez  and  with  Ingress  retarded  at  Kerguelen's  Land  ; 
Egress  retarded  at  Mokattam  and  Suez  with  Egress  retarded  at 
Rodriguez,  and  likewise  with  Egress  accelerated  at  the  two  stations 
in  Kerguelen's ;  and  again  the  retarded  Egress  at  Thebes  is  com- 
pared with  Egress  retarded  at  Rodriguez  and  with  Egress  acceler- 
ated at  Kerguelen's.  The  greatest  separate  value  of  the  solar 
parallax  resulting  from  these  different  comparisons  is  8''933  and 
the  least  8'*407.  Weights  are  given  to  the  various  determinations 
depending  firstly,  upon  the  number  of  observations  and  the  magni- 
tude of  the  parallax-factor;  and  secondly,  upon  the  particular 
phase  c/,  y^,  >/,  6^  f,  and  Z  being  included.  Thus  it  is  found  that 
all  the  combinations  for  Ingress  give  the  mean  solar  parallax 
S'-YSO,  weight  10*46,  and  all  the  combinations  for  Efjres9  give 
8'-84V,  weight  2-63,  whence  the  general  result  is  8''-760,  from 
which  Sir  George  Airy  finds  the  mean  distance  of  the  sun  equal 
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to  93,300,000  milee.  The  New  Zealand  obserrations  were  not 
included  in  these  calculations ;  their  mean  result  is  8'*764,  almoet 
identical  with  the  above.  It  is  remarked  that  many  persons  may 
perhaps  consider  that  the  more  closely-agreeing  phases  ft  and  i 
should  be  employed  in  deducing  the  value  of  the  parallax  to  the 
exclusion  of  the  others.  If  this  be  done  we  shall  have  from  the 
Ingress  8*'748,  and  from  the  Egress  8'-906,  or  with  their  due 
weights  a  mean  value  8'-'773. 

In  this  outline  of  the  details  contained  in  the  Astronomer- 
Royal's  first  report  upon  the  observations  of  the  transit  of  Venus, 
and  the  conclusions  to  be  drawn  from  them  we  have  adhered 
closely  to  his  own  words.  Pending  the  appearance  of  the  deduc- 
tions to  be  made  from  the  complete  measuring  of  the  photographs, 
the  results  before  us  are  perhaps  to  be  regarded  as  provisional 
ones  only,  or  we  have  not  yet  learned  all  that  may  be  done  from 
the*  work  of  the  British  expeditions,  so  laboriously  organized  by 
Sir  George  Airy.  Many  astronomers  we  can  imagine  will  regarS 
with  some  suspicion  so  small  a  parallax  as  8' '76,  which  is  a  tenth 
of  a  second  less  than  has  been  given  by  the  most  reliable  previous 
investigations,  upon  different  principles.  In  illustration  we  m%j 
quote  the  separate  results  from  which  Prof.  Newcomb  obtained  his 
value  of  the  parallax,  now  adopted  in  most  of  our  ephemerides : — 

From  meridian  observations  of  Mars,  1862 8'-855 

From  micrometric  observations  of  Mars,  1862 8'-842 

From  parallactic  inequality  of  the  moon 8'*838 

From  the  lunar  equation  of  the  earth 8'-809 

From  the  transit  of  Venus,  1769  (Powolky's  reduction) 8'-860 

From  Foucault's  experiments  on  light 8'-860 

To  these  may  be  added  Leverrier's  value  subsequently  deduced 
from  the  planetary  theories,  which  is  also  8'-86.  !]^ewcomb*8 
mean  figure,  taking  account  of  weights  corresponding  to  the  prob- 
able eiTors  is  8*'*848,  which,  with  Capt.  Clarice's  measure  oi  the 
earth's  equator,  implies  that  the  mean  distance  of  the  sun  is 
92,:393,000  miles.  Sir  George  Airy's  8*''760  would  similarly  place 
the  sun  at  a  mean  distance  of  93,321,000  miles. 

It  is  well  known  that  some  astronomei*s  have  not  expected  our 
knowledge  of  the  sun's  distance  to  be  greatly  improved  from  the 
observations  of  the  transit  of  Venus,  regarding  such  an  oppor- 
tunity as  is  presented  by  a  close  opposition  of  Mars  as  affording 
at  least  as  favorable  conditions,  and  the  result  of  Mr.  Gill's  expe- 
dition to  Ascension  to  utilize  the  late  ooposition  will  be  on  this 
account  awaited  with  much  interest.  Nevertheless,  whatever 
degree  of  opinion  might  be  entertained  by  competent  authorities, 
it  appears  to  have  been  felt  by  those  immediately  responsible  for 
action,  in  different  civilized  nations  where  science  is  encouraged^ 
that  so  rare  a  phenomenon  as  a  transit  of  Venus  could  not  be 
allowed  to  pass  without  every  exertion  being  made  to  utilize  it, 
and  this  country  may  lay  claim  to  an  honorable  share  in  the  great 
scientific  effort,  thanks  mainly  to  the  long-continued  and  admir- 
ably-directed endeavors  of  the  Astronomer-Royal  to  secure  this 
result. 
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Several  of  the  stations  occupied  during  the  transit  of  1874  will 
be  available  for  the  transit  of  1882,  Kerguelen's  Land  in  particu- 
lar, where  at  Ingress  the  sun  will  be  at  an  elevation  of  12**,  the 
factor  of  parallax  being  0*98.  In  that  year  there  will  also  be  the 
advantage  of  observations  along  the  whole  Atlantic  sea-board  of 
the  United  States  and  Canada,  where,  as  pointed  out  by  the 
Astronomer-Koyal  in  1868,  the  lowest  factor  is  0*95,  and  the 
smallest  altitude  of  the  sun  12°  for  observing  the  retarded  Ingress  ; 
and  for  observing  the  Egress  as  accelerated  by  parallax,  the  fac- 
tors are  about  0-86,  the  sun's  elevation  varying  from  4°  at  Halifax, 
to  32**  at  New  Orleans,  or  Jamaica.  Australian  and  New  Zealand 
stations  are  important  for  retarded  Egress. 

As  is  well  known,  the  transit  of  Venus  on  December  6,  1882, 
will  be  partly  visible  in  this  country. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Notes  on  the  Roch/  Mountains ;  by  Sir  Joseph  Hooebb. 
(From  Nature  of  Oct.  26.) — In  company  with  Dr.  Asa  Gray, 
Professor  of  Botany  of  Harvard  University,  Cambridge,  U.  S., 
I  availed  myself  of  an  oft-repeated  invitation  to  us  both  from 
Dr.  Hay  den,  the  distinguished  chief  of  the  Topographical  and 
Geological  Survey  of  the  United  States  Territories,  to  join  the 
Survey  in  Colorado  and  Utah;  this  we  did  with  the  view  of 
instituting  a  comparison  between  the  floi*as  of  these  central  and 
elevated  territories  and  those  of  other  parts  of  the  continent,  and 
thus  obtaining  some  insight  into  the  origin  and  distribution  of  the 
North  American  flora.  In  order  to  comprehend  the  importance  of 
Colorado  and  Utah  as  the  basis  for  such  investigations,  I  should 
state  that  they  occupy  a  very  central  position  in  the  continent, 
and  include  a  section  of  the  Rocky  Mountains  about  300  miles 
long  and  about  as  broad,  namely,  from  N.  lat.  37°  to  41°,  and 
from  W.  long.  105°  to  112°. 

The  mountain  region  thus  limited  consists  of  extensive  and 
oft^n  level-floored  valleys,  sometimes  many  miles  broad,  and  ele- 
vated 4,000  to  6,000  feet  above  the  sea,  called  "  parks"  in  local 
topography,  which  are  interposed  between  innumerable  rocky 
mountain  ridges  of  very  various  geological  age  and  formation, 
which  often  reach  12,000  feet,  and  sometimes  14,000  feet  eleva- 
tion, the  maximum  being  under  14,600. 

Those  of  the  so-called  parks  which  are  watered  by  rivers  that 
flow  to  the  east  are  continuous  with  the  prairies  that  lie  along  the 
eastern  flanks  of  the  I^ocky  Mountains ;  those  watered  by  nvers 
that  flow  to  the  west  are  continuous  with  the  so-called  desert  or 
salt  regions  that  lie  along  the  western  flanks  of  the  range;  but  the 
divides  between  the  head  waters  of  the  streams  that  flow  either 
way  are  sometimes  low,  and  the  botanical  features  of  the  east  and 
west  may  hence  meet  and  mix  in  one  park. 

Such  a  section  of  the  liocky  Mountains  must  hence  contain  rep- 
resentatives of  three  very  distinct  American  floras,  each  charac- 
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teristic  of  immense  areas  of  the  continent  There  are  two  tem- 
perate and  two  cold  or  mountain  floras,  yiz:  (1)  a  prairie  flora, 
derived  from  the  eastward ;  (2)  a  so-called  desert  ana  saline  flora, 
derived  from  the  west;  (8)  a  Qub-alpine;  and  (4)  an  alpine  flora; 
the  two  latter  of  widely  different  origin,  and  in  one  sense  proper 
to  the  Rocky  Mountain  ranges. 

The  principal  American  regions  with  which  the  comparison  will 
have  first  to  he  instituted  are  four.  Two  of  these  are  in  a  broad 
sense  humid ;  one,  that  of  the  Atlantic  coast,  and  which  extends 
thence  west  to  the  Mississippi  River,  including  the  forested  shores 
of  that  river's  western  affluents ;  the  other  that  of  the  Pacific  fdde, 
from  the  Sierra  Nevada  to  the  western  ocean:  and  two  inland, 
that  of  the  northern  part  of  the  continent  extending  to  the  Polar 
regions,  and  that  of  the  southern  part  extending  through  New 
Mexico  to  the  Cordillera  of  Mexico  proper. 

The  first  and  second  (Atlantic  plus  Mississippi  and  the  Pacific^ 
regions  are  traversed  by  meridional  chains  of  mountains  approxi- 
mately parallel  to  the  Rocky  Mountains ;  namely,  on  the  Atlantic 
side  by  the  various  systems  often  included  under  the  general  term 
Appalachian,  which  extend  from  Maine  to  Georgia,  and  on  the 
Pacific  side  by  the  Sierra  Nevada,  which  bounds  California  on  the 
east.  The  third  and  fourth  of  the  regions  present  a  continuation 
of  the  Rocky  Mountains  of  Colorado  and  Utah,  flanked  for  a  cer- 
tain distance  by  an  eastern  prairie  flora,  extending  from  the  Brit- 
ish possessions  to  Texas ;  and  a  western  desert  or  saline  flora,  ex- 
tending from  the  Snake  liiver  to  Arizona  and  Mexico.  Thus  the 
Colorado  and  Utah  floras  might  be  expected  to  contain  represent- 
atives of  all  the  various  vegetations  of  North  America  except  the 
small  tropical  region  of  Florida,  which  is  confined  to  the  extreme 
southeast  of  the  Continent. 

The  most  singular  botanical  feature  of  North  America  is  un- 
questionably the  marked  contrast  between  its  two  humid  floras, 
namely,  those  of  the  Atlantic  plus  Mississippi,  and  the  Pacific  one; 
this  has  been  ably  illustrated  and  discussed  by  Dr.  Gray  in  vari- 
ous communications  to  the  American  Academy  of  Sciences,  and 
elsewhere,  and  he  has  further  largely  traced  the  peculiarities  of 
each  to  their  source,  thus  laying  the  foundations  for  all  future  re- 
searches into  the  botanical  geography  of  North  America;  but  the 
relations  of  the  dry  intermediate  region  either  to  these  or  to  the 
floras  of  other  countries  had  not  been  similarly  treated,  and  this 
we  hope  that  we  have  now  materials  for  discussing. 

Our  course  and  direction  in  America  was  directly  westward  to 
Colorado,  where  we  followed  the  eastern  flanks  of  the  Rocky 
Mountains  for  about  300  miles,  that  is  from  Denver  in  the  north, 
to  near  the  borders  of  New  Mexico,  ascending  the  highest  north- 
ern and  southern  peaks,  and  visiting  several  intermediate  parks 
and  valleys,  watered  by  tributaries  of  the  Arkansas,  Platte,  Colo- 
rado, and  Rio  Grande.  From  Denver  we  proceeded  north  to 
Cheyenne  in  Wyoming,  and  thence  westward  by  the  Central  Pa- 
cific Railway,  across  the  range  to  Ogden,  and  the  Great  Salt  Lake 
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in  Utah,  which  lies  on  the  base  of  the  Wahsatch  Mountains,  them- 
selves the  western  escarpment  of  the  Rocky  Mountains  proper  in 
that  latitude.  After  ascending  these  we  proceeded  westward  by 
rail  through  Utah,  to  Nevada,  thus  crossing  the  great  dry  region 
that  intervenes  between  the  Rocky  Mountains  and  the  Sierra  Ne- 
vada, which  is  variously  known  as  the  Desert,  Salt,  or  Sink  region 
of  North  America,  in  accordance  with  the  prevailing  features  of 
its  several  parts.  It  is  elevated  3,850  to  6,000  feet,  and  traversed 
by  numerous  short  meridional  mountain-ridges,  often  reaching 
8,000  feet,  and  rarely  10,000  feet  elevation;  unlike  the  Rocky 
Mountains  or  over  the  Sierra  Nevada,  these  present  no  forest-clad 
slopes,  and  only  the  highest  have  a  limited  Alpine  flora. 

From  Reno,  at  the  western  base  of  the  Sierra  Nevada,  we  pro- 
ceeded south  by  Carson  City,  flanking  the  Sierra  for  some  sixty 
miles  to  Silver  Mountain,  wnen  we  struck  westward,  aFcending 
the  Sieri*a,  which  was  crossed  obliquely  into  the  Pacific  slope. 
There  we  visited  three  groves  of  the  "  Big  Trees"  (Sequoia  giyan- 
tea)  at  the  headwaters  of  Stanislaus  and  Tuolomne  Rivers,  and  the 
singular  Tosemite  Valley,  whence  we  descended  into  the  great 
valley  of  California,  and  made  for  San  Francisco. 

From  the  latter  place  we  made  excursions  first  to  the  old  Span- 
ish settlement  of  Monterey,  which  is  classical  ground  for  the  oot- 
anist,  as  being  the  scene  of  Menzies'  labors  during  the  voyage  of 
our  countryman,  Capt.  Vancouver,  in  1798  (whose  surveys  are 
held  in  the  highest  estimation  by  Professor  Davidson  and  the  offi- 
cers of  the  Coast  Survey  of  the  United  States),  whom  he  accom- 
])anied  as  botanist.  Then  we  went  northward  along  the  coast 
range  to  Russian  River  to  visit  the  forests  of  Red-wood  {Sequoia 
aempervirens),  the  only  living  congener  of  the  Big  Trees,  and 
almost  their  rival  in  bulk  and  stature.  Then  to  Sacramento,  and 
up  the  valley  of  that  name  for  160  miles  to  Mount  Shasta,  a  noble 
forest-clad  volcanic  cone  about  14,400  feet  in  elevation.  Return- 
ing thence  to  Sacramento  we  took  the  Union  Pacific  Railway  east- 
ward, and  from  the  highest  station  visited  Mount  Stanford,  on  the 
crest  of  the  Sierra  Nevada,  and  Lake  Tahoe,  which  occupies  a  basin 
in  the  mountains  at  about  7,000  feet  elevation,  and  with  which  we 
finished  our  western  journeyings. 

In  California  the  ConifersB  were  a  principal  study,  with  3  view 
of  unraveling  their  tangled  synonymy  and  tracing  the  variations 
and  distribution  of  these  ill-undei*stood  trees,  which  attain  their 
maximum  development  in  number  of  species  and  in  stature  on  the 
Pacific  slope  of  the  American  continent 

The  net  result  of  our  joint  investigation  and  of  Dr.  Gray's  pre- 
vious intimate  knowledge  of  the  elements  of  the  American  flora  is, 
that  the  vegetation  of  the  middle  latitudes  of  the  continent  re- 
solves itself  into  three  principal  meridional  floras,  incomparably 
more  diverse  than  those  presented  by  any  similar  meridians  in  the 
old  world,  being,  in  fact,  as  far  as  the  trees,  shrubs,  and  many 
genera  of  herbaceous  plants  are  concerned,  absolutely  distinct. 
These  are  the  two  humid  and  the  dry  intermediate  regions  above 
indicated. 
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Each  of  these,  again,  is  subdivisible  into  three,  as  follows : — 

(1.)  The  Atlantic  slope  plus  Mississippi  region,  subdivisible  into 
(a)  an  Atlantic  {ft)  a  Mississippi  valley,  and  {y)  an  interposed 
mountain  region  with  a  temperate  and  sub-alpine  flora. 

(2.)  The  Pacific  slope,  subdivisible  into  (a)  a  very  humid  cod 
forest-clad  coast  range ;  (ft)  the  great  hot  drier  Califomian  val- 
ley formed  by  the  San  Joaquin  River  flowing  to  the  north,  and  the 
Sacramento  liiver  flowing  to  the  south,  both  into  the  Bay  of  San 
Francisco ;  and  {y)  the  Sierra  Nevada  floi'a,  temperate,  sub-alpine, 
and  alpine. 

(3.)  The  Rocky  Mountain  region  (in  its  widest  sense  extending 
from  the  Mississippi  beyond  its  forest  region  to  the  Sierra  Ne- 
vada), subdivisible  into  (a)  a  prairie  flora ;  [ft)  a  desert  or  saline 
flora ;  (y)  a  Rocky  Mountain  proper  flora,  temperate,  sub-alpine, 
and  alpine. 

As  above  stated,  the  difference  between  the  floras  of  the  first 
and  second  of  these  regions,  is  specifically,  and  to  a  great  extent 
generically  absolute ;  not  a  pine  or  oak,  maple,  elm,  plane,  or  birch 
of  Eastern  America  extends  to  Western,  and  genera  of  thirty  to 
fifty  species  are  confined  to  each.  The  Rocky  Mountain  region, 
again,  though  abundantly  distinct  from  both,  has  a  few  elements 
01  the  eastern  region  and  still  more  of  the  western. 

Many  interesting  facts  connected  with  the  origin  and  distribu- 
tion of  American  plants  and  the  introduction  of  various  types  into 
the  three  regions,  presented  themselves  to  our  observation  or  our 
minds  during  our  wanderings ;  many  of  these  are  suggestive  of 
comparative  study,  with  the  admirable  results  of  Heers  and  Les- 
quereux's  investigations  into  the  pliocene  and  miocene  plants  of 
the  north  temperate  and  frigid  zones,  and  which  had  already  en- 
gaged Dr.  Gray's  attention,  as  may  be  found  in  his  various  publi- 
cations. No  less  interesting  are  the  traces  of  the  influence  of  a 
glacial  and  a  warmer  period  in  directing  the  course  of  migration 
of  Arctic  forms  southward,  and  Mexican  forms  northward  in  the 
continent,  and  of  the  effects  of  the  great  body  of  water  that  oc- 
cupied the  whole  saline  region  during  (as  it  would  appear)  a  gla- 
cial period. 

Lastly,  curious  information  was  obtained  respecting  the  ages  of 
not  only  the  big  trees  of  California,  but  of  equallv  aged  pines  and 
junipers,  which  are  proofs  of  that  duration  of  existing  conditions 
of  climate  for  which  evidence  has  hitherto  been  sought  rather 
amongst  fossil  than  amongst  living  organisms. 

I  need  hardly  add  that  the  part  I  pUyed  in  the  above  sketched 
journey  was  wholly  subordinate  to  Dr.  Gray's,  who  had  previ- 
ously visited  both  the  Rocky  Mountains  and  California,  though 
not  with  the  same  object  But  for  his  unflinching  determination 
that  nothing  should  escape  my  notice  which  his  knowledge  and 
observant  powers  could  supply,  and  Dr.  Hayden's  active  co-ope- 
ration, my  own  labors  would  have  been  of  little  avail. 

Moreover,  throughout  the  expedition  we  experienced  great  hos- 
pitality, and  enjoyed  unusual  facilities,  not  only  from  the  staff  of 
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the  Geological  Survey,  but  from  the  railway  authorities,  who 
frauked  us  across  the  contineut,  and  on  all  the  branch  lines  which 
we  traversed. 

2.  The  EartJis  of  the  Cerium  Groups  as  found  in  the  North 
Carolina  Samarskite. — In  my  original  paper  and  subsequent  note 
on  this  group  of  earths  as  separated  by  sulphate  of  potash  fi'om 
the  mixed  earths  of  North  Carolina  samarskite,  I  then  stated  that 
oxide  of  cerium  was  not  to  be  ranked  among  them.  I  have  con- 
tinued the  researches  in  this  direction,  and  while  they  are  far  from 
being  complete,  it  is  pretty  well  determined  that  the  bulk  of  the 
earth  separated  by  the  sulphate  of  potash  is  t^new  earth,  if  it  be 
not  oxide  of  terbium,  an  earth  the  existence  of  which  is  denied,  and 
of  the  properties  of  which  we  have  but  a  very  imperfect  knowledge. 
The  other  oxides  of  this  group  are  thoria  and  oxide  of  didymium. 
I  am  still  prosecuting  my  researches,  and  hope  before  long  to  give 
more  positive  results. — J.  Lawrence  Smithes  letter  of  Nov,  14. 

3.  Artificial  Tremors  through  the  EartlCs  Crust,  at  the  time 
of  the  Hallet's  Point  explosion  in  August  and  September,  1876; 
abstract  of  a  paper  by  Henry  L.  Abbot,  Major  of  Engineers, 
Bvt.  Brig.  General,  read  before  the  National  Academy  of  iSciences 
at  its  recent  meeting  in  New  York. — Mr.  Mallet's  results,  reported 
many  years  ago  to  the  Royal  Society,  were : 

Velocity  in  ft  per  second  in  sand, 825  ft 

**            *^             *^      in  discontinuous  and  much  shattered  granite,.  1306  ft 

"            "            ."      in  more  solid  granite, 1666  ft. 

"            "             "      in  quarries  at  Holyhead  (mean), 1320  ft 

The  results,  obtained  by  the  officers  of  the  United  States  Engin- 
eer School  of  Application  at  Willet's  Point,  for  the  rate  through 
drift  formation  of  Long  Island,  are  the  following : 

Tablb  I. 


IT 

S  . 

A. 

Tremor  of 

^1 

Date. 

Ol)Mnrer. 

CaoM  of  Shock. 

|1 

II 

mercury. 

►  I 

^^ 

3^ 

i^ 

Arrlred 

m 

Lasted 
for 

miles. 

sec'ds. 

sec'ds 

ft.  pr  sec. 

1 

A.ug.  18,  '76. 

Capt  Liyermore 

200  lbs.  dynm. 

5  ± 

B 

5  ± 

6280  db 

2 

Sept  24,  '76. 

Lieut.  Young 

Hallet's  Pt  ex. 

6134 

A. 

7  ± 

63  ± 

3873  ± 

3 

(t      ((      (i 

Lieut.  Griffin 

it        tt    .t 

8-330 

B. 

5-3 

72-3 

8300 

4 

(i         ((          u 

Lieut  Kingman 

it                4t         tt 

9-333 

A. 

10-9 

23-6 

4521 

6 

((      ((       it 

Lieut.  Leach 

tt               ft        tt 

12-769 

B. 

12-7 

19-0 

6309 

6 

Oct.   10,  '76. 

Lieut  Kingman 

70  lbs.  powder. 

1-360 

A. 

5-8 

inst't 

1240 

7 

Sept    6, '77. 

Lieut.  Kingman 

400  lbs.  dynm. 

1-169 

A. 

1-8 

7-8 

3428 

8 

U            ({        t» 

Lieut.  Leach 

tt      tt        tt 

1169 

B. 

0-7 

17-8 

8814 

9 

Sept  12,  '77. 

Lieut  Griffin 

200  lbs.  dynm. 

1-340 

A. 

1-05 

8-8 

6730 

10 

a       a       (( 

Lieut  Leach 

tt      tt        tt 

1-340 

B. 

0-81 

17-1 

8730 

11 

U        <i        tt 

Lieut  Griffin 

70  lbs.  powder. 

1-340 

A. 

1-27 

4-8 

6669 

12 

U          t(          tt 

Lieut  Leach 

tt    tt        tt 

1-340 

B. 

0-84 

16-1 

8416 

In  the  case  of  No.  6  the  charge  was  five  feet  below  the  surface. 
In  those  of  Nos.  11  and  12  the  charge  was  thirty  feet  below  sur- 
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face,  giving  a  much  more  violent  shock  than  No.  6.  Lient  Leach 
i*eport8,  "I  flhould  say  that  it  (the  tremor)  was  at  least  two 
seconds  in  attaining  a  maximum.'^  Hence,  an  instniment  just 
capable  of  detecting  it,  would  have  registered  only  2,489  feet. 

Table  IL    (Analysis  of  aboye.) 


No.  of  obser- 

SeUmometer  A,  (power  8). 

No.ofobeer- 

▼MiOIlt. 

1 

Selnnometer  B,  (pover  12). 

▼fttiODl. 

Vrtodiyof 

• 

Dnration  of 
tremor. 

Velocity  of 
trantmiMloii. 

Doratlonor 
treaior. 

2 

4 
6 
7 
9 
11 

ft  per  sec. 
3873   ± 
4621 
1240 
3428 
6730 
6559 

seconds 

instant 
7-8 
8-8 
4-8 

1 
3 
6 
8 

10 
12 

ft.  per  sec. 
6280  ± 
8300 
5309 
8814 
8730 
8415 

seconds 

17-8 
171 
161 

Mean. 

42i;5 

1'                      '        7475 

Conclusions,  In  such  observations  a  high  magnifying  power 
of  telescope  is  essential  The  more  violent  the  initial  shock,  the 
higher  is  the  rate.  This  rate  diminishes  as  the  wave  advancesw 
For  one  mile,  through  drift  formation,  a  severe  shock  gives  a 
velocity  of  say  8,600  feet  per  second.  The  rate  for  the  great 
Hallet's  Point  explosion  was  about  8,300  feet  per  second  for  the 
first  eight  miles,  and  about  6,300  feet  per  second  for  the  first  thir- 
teen miles.  These  conclusions  are  supported  by  much  additional 
evidence  that  cannot  be  stated  in  a  taoular  form. 

4.  Recherches  expirimentales  faites  avec  les  gaz  produits  par 
Peaplosion  de  la  dynamite  sur  divers  earacthres  des  metiorUes  et 
des  bolides  qui  les  apportent,  par  M.  Daubb6b. — Professor  Dau- 
br^»e  has  carried  on  a  series  of  experiments  with  dynamite  similar 
to  those  he  had  previously  performed  with  ordinary  powder 
(Comptes  Rendus,  Ixxxii,  949;  Ixxxiv,  413,  626),  his  design  being 
to  obtain  an  explanation  for  some  of  the  most  important  charac- 
ters of  meteorites.  Prisms  of  planed  steel,  each  side  having  a 
surface  of  bb  mm.,  were  subjected  under  diflbrent  conditions,  to 
the  explosion  of  charges  of  two  and  of  five  kilograms  of  dynam- 
ite. The  cartridge  was  in  each  case  simply  applied  to  one  of  the 
faces  so  as  to  act  upon  a  single  side  only.  The  explosion  took 
place  at  the  bottom  of  a  pit,  some  two  meters  in  depth,  so  that  all 
the  fragments  of  the  shattered  steel  could  be  recovered  for  exam- 
ination.  The  immediate  results  of  these  experiments  were  as  iol- 
lows: — The  mass  acted  upon  was  broken  up  into  numerous  poly- 
hedral fragmentSj  the  planes  of  fracture  being  mostly  perpendicu- 
lar to  the  ''^surface  of  action''''  on  which  the  force  of  the  gas  was 
felt.  The  su]*face  directly  exposed  to  the  explosion  showed  nu- 
merous spheroidal  depressions ;  these  sometimes  attained  a  diam- 
eter of  16  to  1 8  mm.  and  a  depth  of  4  to  6  mm.  They  were  often 
grouped  in  lines,  like  the  links  of  a  chain,  and  in  some  cases  were 
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bordered  by  an  elevated  ring.  Oatside  of  these  distinct  cavitiefl 
the  whole  surface  acted  upon  was  fretted,  or  covered  over  with 
minute  irregular  depressions.  Moreover  the  lateral  faces  showed 
fine,  regular  lines,  parallel  to  the  "  surface  of  action,"  and  pro- 
duced by  the  violent  crushing  action  of  the  exploded  fi;aB ;  and 
further,  when  these  lateral  faces  were  polished  and  etched  with 
dilute  acid,  it  was  found  that  the  part«  close  to  the  surface  ex- 
posed to  the  gas  had  a  peculiar  tint  which  probably  resulted  from 
a  sort  of  tempering  which  the  surface  had  undergone  from  its 
rapid  cooling.  Again,  of  the  fracture-surfaces,  aside  from  those 
showing  only  a  ragged  break,  some  were  polished  and  others 
finely  striated,  results  which  were  due  to  the  rubbing  of  the  parts 
against  each  other  at  the  instant  of  fracture.  Finally,  numerous 
cracks  in  the  fragments  of  steel  were  compactly  filled  with  the 
clay  and  sand  from  the  walls  of  the  pit,  which  had  been  forced 
into  them.  Characters  analogous  to  those  above  enumerated  as 
produced  on  the  steel  by  the  action  of  exploding  dynamite,  are 
commonly  observed  on  meteorites ;  these  are : — their  fragmentary, 
polyhedral  form ;  the  pitteil  or  *'^ piezoglyptic^^  (graven  under  stram 
or  pressure)  character  of  their  surfaces ;  the  change  of  texture  near 
the  surface  in  the  case  of  iron  meteorites ;  the  striated,  fibrous  sur- 
faces in  the  interior  of  the  mass,  due  to  the  rubbing  of  the  parts 
against  each  other;  the  black  veins  ("lignes  noires")  resulting 
from  a  portion  of  the  fused  surface  being  pressed  into  cracks  in  the 
interior ;  and  finally,  the  black  marbled  surface. 

Professor  Daubree  concludes  that,  as  in  the  case  of  steel  sub- 
jected to  the  action  of  dynamite,  so  also  with  the  bolides  and 
meteorites  the  effects  observed  are  due  mostly  to  the  action  of 
strongly  compressed  and  hence  highly  heated  gas.  Although  it 
is  impossible  to  estimate,  even  approximately,  the  pressure  exerted 
upon  a  bolide,  from  the  time  it  enters  the  atmospnere  until  it  ex- 
plodes and  scatters  its  fragments  upon  the  earth,  the  conclusion  is 
notwithstanding  justified  that  it  is  comparable  to  the  pressure  ex- 
erted by  the  gas  in  the  experiments  with  dynamite. 

The  writer  would  also  ascribe  the  production  of  the  large  num- 
ber of  individual  stones  which  have  characterized  some  falls,  as 
that  of  Pultusk  in  1868,  to  the  fracturing  of  an  original  mass  by 
the  compression  of  the  air,  and  not  by  the  unequal  contraction 
due  to  a  heated  surface  and  a  cold  interior.  He  also  calls  atten- 
tion to  the  fact  that  the  '*  piezoglyptic"  character  of  the  surface  is 
true  of  the  whole  meteorite,  and  not  to  one  side  only,  and  con- 
cludes from  this  that  the  moving  mass  must  have  had  a  motion  of 
rotation,  so  that  the  different  surfaces  were  in  succession  placed  in 
front  and  subjected  to  the  action  of  the  compressed  air. —  C\  7?., 
Ixxxv.  E.  B.  D. 

6.  Nationcd  Academy  of  Science, — At  a  session  held  at  Columbia 
College,  N.  Y.,  Oct.  23-26,  1877,  the  following  papers  were  read  : 

Stsphkn  Alexandeb. — (I.)  On  the  laws  of  extreme  distances  in  the  Solar  sys- 
tem.—(2.)  On  the  inclinations  in  a  direction  retrograde  of  the  shadow  of  ^e 
planet8.--^3.)  On  the  luminous  band  which  seems  to  encircle  the  moon  during  a 
partial  solar  eclipse.— (4.)  Whence  came  the  inner  satellite  of  Mara  7 
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A.  M.  Mater.  —On  a  new  and  simple  method  of  detennining  &e  number  of 
vibrations  of  sonorous  bodies. 

A.  Agassiz.— On  the  deyelopment  of  Flounders. 

T.  Gill. — On  the  Morphology  of  the  Antlers  of  the  Cervidso. 

Elias  Loomis. — Contributions  to  Meteorology  {mghth  pamper). 

Hbnbt  L.  Abbot. — Velocity  of  transmission  of  ^ocks  caused  by  the  exjdosicm 
of  gunpowder  and  of  nitroglycerine  compounds,  through  the  earth's  crust 

Joseph  Henbt. — On  the  abnormal  phenomena  of  Sound,  in  relation  to  Fog 
Sig^nals, — on  behalf  of  the  U.  S.  Light  House  Board. 

O.  N.  Rood. — (I.)  On  the  photometric  comparison  of  light  of  different  colors. — 
(2.)  On  a  construction  for  the  study  of  the  contrast  of  colors. 

Dr.  M.  Ihlsbno. — On  a  method  of  studying  of  yeloci^  of  Sound  in  Wood. 
Presented  by  0.  N.  Rood. 

J.  S.  Nbwbebrt. — (1.)  On  some  new  fossil  Fishes  from  Ohio  and  Indiana. — 
(2.)  On  the  geological  age  of  the  Western  Ligpiites. 

J.  Lawbbnob  Smith. — (1.)  Notes  on  the  analysis  of  Ck>lumbates. — (2.)  Notes  on 
the  native  iron  and  basalt  of  Greenland. — (3.)  Exhibition  of  specimens  showing 
the  occurrence  of  sulphuret  of  chromium  in  meteoric  iron. 

Jambs  Hall. — ^Note  on  the  Hydraulic  Limestone  and  associated  strata  at  the 
Falls  of  the  Ohio. 

0.  0.  Mabsh. — (I.)  On  some  gigantic  Dinosaurian  Reptiles  from  the  Wealden 
of  the  Rocky  Mountains. — (2.)  American  Cretaceous  Birds. 

H.  A.  Nbwtok. — On  Comets.    (Read  by  title.) 

A.  S.  Packard,  Jb. — On  the  Air-sacs  of  Locusts. 

Joseph  LeConte.  —On  the  glycogenic  functions  of  the  Liver,  and  its  relation  to 
vital  force  and  vital  heat. 

A.  GuTOT. — ^Biographical  memoir  of  Louis  Agassis.  Ist  part,  relating  to  his 
life  and  work  in  Europe. 

6.  Canada  and  New  England  JEkzrthguake. — A  paper  on  this 
recent  earthquake  by  Prof.  Rock  wood,  now  of  Princeton,  N.  J., 
will  appear  in  another  number  of  this  Journal. 

7.  TTiin  Sections  of  Jiocks,  Minerals^  etc,^  are  made  to  order 
by  A.  A.  Julien,  School  of  Mines,  Columbia  College,  New  York, 
who  also  has  made  arrangements  for  sawing  and  polishing  rocks, 
and  polishing  and  etching  meteorites.  He  has  also  collections  of 
slides  of  various  rocks  on  sale. 

OBTPUART. 

James  Orton,  Professor  of  Natural  History  in  Yassar  College, 
died  in  Bolivia  about  the  24th  of  September  while  crossing^  Lake 
Titicaca,  and  lies  buried  on  a  little  island  in  the  lake.  He  was 
born  at  Seneca  Falls,  N.  Y.,  in  the  year  1830,  and  ^dnated  at 
Williams  College  in  1863.  Professor  Orton  was  on  his  third  tonr 
to  South  America.  In  1867-68,  he  took  charge  of  an  expedition 
to  the  Upper  Amazons,  under  the  auspices  of  the  Smithsonian 
Expedition  and  along  with  a  party  from  Williams  College ;  and, 
in  1873,  he  made  a  second  exploration  of  the  Amazon,  penetrating 
to  Bolivia.  About  ten  months  since  he  left  for  his  third  exploring 
tour,  with  the  design  of  tracing  the  waters  of  Eastern  Bolivia  to 
the  Amazon.  This  Journal  contains  communications  from  Pro- 
fessor Orton,  in  volumes  for  the  years  1868,  1869,  on  points  in 
the  Physical  Geography  of  Quito  and  of  the  Andes  and  Amazons, 
and  on  the  Geology  of  the  Andes  of  Ecuador;  and  in  1870,  ap- 
peared his  work  entitled  "  The  Andes  and  the  Amazon,  or  across 
the  Continent  of  South  America,"  giving  a  full  account  of  his 
observations  and  discoveries. 
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APPENDIX 


Art.  LII. — A  New  Order  of  Extinct  Reptilia  (iSHegosawia)  from 
the  Jurassic  of  the  Rocky  MowUains;  by  Prof.  O.  C.  Marsh. 

The  Museum  of  Yale  College  has  recently  received  the 
greater  portion  of  the  skeleton  of  a  huge  reptile,  which  proves 
to  be  one  of  the  most  remarkable  animals  yet  discovered.  Tt 
was  found  on  the  eastern  flank  of  the  Rocky  Mountains,  in  beds 
which  I  have  r^arded  as  corresponding  nearly  to  the  Wealden 
of  Europe,  and  which  may  oe  classed  as  upper  Jurassic. 
The  remains  are  well  preserved,  but  are  embedded  in  so  hard  a 
matrix  that  considerable  time  and  labor  will  be  required  to 
prepare  them  for  a  full  description.  The  characters  already  de- 
termined point  to  affinities  with  the  Dinosaurs,  Plesiosaurs,  and 
more  remotely  with  the  Chelonians,  and  indicate  a  new  order, 
which  may  be  termed  Stegosauria,  from  the  typical  genus  here 
described. 

Stegosaurus  aitnatus,  gen.  et  sp.  nov. 

In  this  specimen,  some  of  the  teeth  preserved  have  com- 
pressed crowns,  and  are  inserted  in  sockets  Others  are  cylin- 
drical, and  were  placed  in  rows,  either  in  thin  plates  of  imper- 
fect bone  or  in  cartilaga  The  latter  are  especially  numerous, 
and  may  possibly  prove  to  be  dermal  spines,  having  all  the 
essential  characters  of  teeth,  as  in  some  fishes.  The  vertebrae 
are  biconcave,  their  neural  arches  being  coosified  with  the 
centra,  and  the  chevrons  articulated.  The  limb  bones  indicate 
an  aquatic  lifa  The  body  was  long,  and  protected  by  large 
bony  dermal  plates,  somewnat  like  those  of  Atlantochelys  {Pro- 
tostega).  These  plates  appear  to  have  been  in  part  supported  by 
the  elongated  neural  spines  of  the  vertebrsB. 

The  length  of  one  of  the  compressed  teeth  of  this  species 
is  112  mm.,  and  the  greatest  diameter  of  the  crown  24  mm. 
One  of  the  cylindrical  teeth  is  75  mm.  in  length,  and  7*5  in 
diameter.  Seven  of  these  teeth  in  position  occupy  a  space  of 
68  mm.  A  trunk  vertebra  measures  450  mm.  from  oase  of 
centrum  to  top  of  neural  spine,  and  170  mm.  to  the  floor  of 
the  neural  canaL  The  extent  of  seven  posterior  caudal  verte- 
brae is  660  mm.  One  of  the  large  dermal  plates  was  over  three 
feet  (one  meter)  in  length. 

The  present  species  was  probably  thirty  feet  long,  and 
moved  mainly  by  swimming.      For  its  discovery  science  is 
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indebted  to  Proi  A.  Lakes  and  Engineer  H.  C.  Beckwith  of 
the  U.  S.  Navy,  who  found  the  first  remains  in  Colorado  near 
the  locality  oF  the  gigantic  Ailantosaurus  montanus^  and  in 
essentially  the  same  horizon. 
Yale  College,  New  Haven,  Nov.  15th,  ISTT. 


Art.  LIII. — Notice  of  New  Dinosaurian  Reptiles  from  the  Jurassic 
formation  ;  by  Professor  O.  C.  Mabsh. 

The  gigantic  Dinosaur,  AHantosaurits  Tnontanus,  described  by 
the  writer  in  the  July  number  of  this  Journal,*  proves  to  belong 
to  a  lower  horizon  than  at  first  supposed,  and  is  really  from  the 
upper  Jurassic.  Additional  remains  of  the  type  specimen, 
moreover,  throw  considerable  light  on  the  structure  of  this 
largest  of  land  animals,  and  indicate  that  it  is  the  representa- 
tive of  a  distinct  family,  which  may  be  called  AtlantosauridcE, 

In  the  type  genus,  AHantosaurus^  one  of  the  most  important 
characters  is  the  pneumaticity  of  the  vertebrae,  as  mentioned  in 
the  original  description.  Another  noteworthy  feature  is  the 
absence  on  the  femur  of  a  third  trochanter.  The  shaft  of  the 
bone  is  somewhat  thickened  at  the  point  where  this  process 
should  be,  but  the  trochanter  is  wanting.  The  size  of  the  orig- 
inal specimen  of  A,  montanus  may  be  estimated  from  the  femur, 
which  was  about  seven  feet  in  length.  If  the  animal  had  the 
proportions  of  a  Crocodile,  it  was  at  least  eighty  feet  long. 

Apatosaurus  ajax^  gen.  et  sp.  nov.f 

Another  gigantic  Dinosaur,  allied  to  the  above,  and  of 
scarcely  less  interest,  is  represented  in  the  Yale  Museum  by  a 
nearly  complete  skeleton  in  excellent  preservation.  It  is  from 
the  Jurassic  beds  in  the  Eastern  foot  hills  of  the  Rocky  Moun- 
tains, but  from  a  somewhat  lower  horizon  than  the  type 
of  Atlantosaurus. 

The  cervical  vertebrae  are  strongly  opisthoccelous,  and  are 
rendered  comparatively  light  by  large  pneumatic  cavities  in 
the  centra.  The  anterior  dorsals  have  similar  characters.  The 
posterior  lumbars  have  the  articular  faces  very  nearly  flat,  and 
transverse.  The  sacral  vertebrae  are  more  solid,  and  have  their 
transverse  processes  nearer  the  middle  of  the  centra  than  in 
Ailantosaurus,     The  anterior  caudals  are  biconcave,  and  their 

*  Vol.  xiv,  p.  87,  1877.  The  name  Tiianosawrus  was  first  given,  but,  being  pre- 
occupied, may  be  replaced  by  AUantosawras. 

I  The  principal  characters  of  this  genus  and  its  nearest  allies  were  given  by  the 
writer  in  a  paper  before  the  National  Academy  of  Science,  at  the  meeting  in  New 
Tork,  October  26th,  1877. 
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interior  structure  is  cancellous.  The  chevron  bones  differ  from 
those  of  most  known  Dinosaurs  in  having  the  superior  articu- 
lar ends  of  the  rami  not  united,  but  separated  from  each  other, 
as  in  the  Mosasauria  with  free  hsemapophyses. 

Some  of  the  dimensions  of  this  skeleton  are  as  follows : 

Length  of  centrum  of  anterior  dorsal  vertebra 220''"'" 

Transverse  diameter  of  anterior  face  310* 

Vertical  diameter 200* 

Amount  of  convexity 90* 

Length  of  centrum  of  lumbar  vertebra 240* 

Transverse  diameter  of  anterior  face 410* 

Vertical  diameter 270* 

Length  of  median  sacral  vertebra 260* 

Expanse  of  its  transverse  processes 760* 

Length  of  centrum  of  median  caudal 190* 

Length  of  posterior  caudal 186* 

This  animal  must  have  been  between  fifty  and  sixty  feet  in 
length,  and  more  than  thirty  in  height  when  erect 

Apatosaurus  grandis^  sp.  nov. 

Another  huge  Dinosaur,  apparently  of  the  same  genus,  but 
of  smaller  size,  is  represented  in  the  Yale  Museum  by  the  more 
important  parts  of  a  skeleton,  in  remarkable  preservation.  In 
this  specimen  the  cervical  vertebrae  have  the  walls  of  the  cen- 
tra very  thin.  The  caudals  preserved  are  elongated  and  slen- 
der, indicating  a  long  tail.  The  femur  is  comparatively  short, 
and  without  a  third  trochanter.  The  great  trochanter  is  much 
lower  than  the  head  of  the  femur,  and  continuous  with  it.  The 
metapodial  bones  indicate  a  foot  of  medium  length. 

The  following  measurements  indicate  the  size  of  the  reptile : 

Length  of  femur 1060- *"•"• 

Transverse  diameter  of  proximal  end 340* 

Transverse  diameter  of  distal  end 290* 

Tiength  of  posterior  caudal  vertebra 146' 

Vertical  diameter  of  anterior  articular  face 110* 

Transverse  diameter 116' 

The  known  remains  of  this  species  are  from  the  same  geo- 
lo^cal  horizon  as  those  above  described.  They  indicate  an 
animal  at  least  thirty  feet  in  length. 

AUosaurus  fragUiSj  gen.  et  sp.  nov. 

This  genus  may  be  distinguished  from  any  known  Dinosaurs 
by  the  vertebrae,  which  are  peculiarly  modified  to  ensure  light- 
ness. Although  apparently  not  pneumatic,  they  have  the 
weight  of  the  centra  greatly  reduced  by  deep  excavations  in 
the  sides.     Some  of  them  have  the  centra  hour-glass  in  form, 


Digitized  by  VjOOQ  IC 


516  0.  C.  Marsh — New  Dinosaurian  Reptiles. 

the  middle  part  being  so  diminished  as  to  greatly  reduce  the 
strength.  The  yertebr»  preserved  are  biconcave,  with  shallow 
cavities.  The  feet  bones  referred  to  this  species  are  very 
slender.  A  lumbar  vertebra  has  its  centrum  105  mm,  in 
length,  and  89  in  least  transverse  diameter.  An  anterior 
caudal,  35  mm.  long,  has  its  centrum  so  much  constricted  that 
its  least  transverse  diameter  is  38  mm.,  while  its  anterior  face 
is  90  mm.  in  transverse  diameter. 

The  animal  indicated  by  the  remains  preserved  was  from 
fifteen  to  twenty  feet  in  length.  All  the  known  specimens  are 
from  the  upper  Jurassic  of  Colorado. 

JVanosaunts  r«c,  sp.  nov. 

A  diminutive  Dinosaur,  about  as  large  as  a  fox,  is  indicated 
by  some  remains  in  good  preservation,  the  most  characteristic 
of  which  is  a  nearly  perfect  femur.  In  this  bone,  the  great 
trochanter  is  prominent,  and  the  third  trochanter  especially  sa 
There  is  a  well  developed  fibular  ridge,  dii*ected  outward  and 
backward.  The  cavit;^  in  this  bone  is  unusually  large,  and  the 
walls  are  smooth.  This  femur  agrees  so  nearly  with  that  of  the 
type  of  Nanosaurus.  that  the  present  species  may  be  provision- 
ally referred  to  that  genns. 

The  dimensions  of  this  bone  are  as  follows  : 

Length  of  femur 100*  "*■ 

Distance  from  head  to  middle  of  third  trochanter  . .        30* 

Transverse  diameter  of  distal  end 21* 

Greatest  antero-posterior  diameter 18' 

Least  transverse  diameter  of  shaft 11* 

Diameter  across  third  trochanter 16* 

The  known  remains  of  this  reptile  are  from  the  upper 
Jurassic  of  Colorado. 

The  specimens  described  in  the  present  articles  are  deposited 
in  the  Peabody  Museum  of  Yale  College.  They  are  all  from 
essentially  the  same  geological  horizon,  which  I  find  to  be  upper 
Jurassic.  The  deposits  which  contained  them  may  be  call«i 
the  Atlantosaurus  beds,  from  their  most  characteristic  fossils, 
the  huge  Dinosaurs  of  that  genus. 

Tale  College,  New  Hayen,  Noyember,  1877. 
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Fleischer's  Yolumetric  analysis,  419. 

Fossil,  see  Gboloqt. 

Frazer,  P.,  Jr.,  Geol  Report  Penn.,  69. 

Friedei,  new  method  for  the  synthesis  of 
hydrocarbons,  411. 


GaUcm,  F^  address  before  British  Asso- 
dation,  265. 

Oard,  analyses  of  east  nickel  274. 

Gases,  effect  of  tension  on  spectra  of, 
416. 
endosed  in  lignite,  481. 

Oenih,  F.  A.,  some  tellurium  and  vana- 
dium minerals,  423. 

Gentry,  T.  G.,  birds  of  Eastern  Pennsyl- 
vania, 426. 
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Adirondacks,  litbology  of,  240. 
AUeKhaDies,  heights  of,  69. 
Annelids,   Lower   Silurian,    GrinneU, 

229. 
Archffian  of  Canada,  313. 
Berkshire  and   Vermont,   Dctna^  37, 

132,  202,  259. 
Birds,  Cretaceous,  Marshy  86,  253. 
Bowlders,  largo,  495. 
Breccia-granite,  New  Hampshire,  319. 
Cavern   explorations  in   Devonshire, 

PengeUy,  299,  387. 
China,  487. 

Climatichnites,  Ghapmam^  240. 
Coal,  analysis  of,  Sloane,  286. 
CoDgrtiSS.  International  Q«oL,  491. 
Connecticut  valley  in  the  Champlain 

and  Terrace  periods,  Upham^  459. 
Coryphodontidse,  Marsh,  81. 
Orinoids,  structure  of  Paleozoic,  Waehs- 

muth,  115,  181. 
Dinosaurs,  new.  Marsh,  87,  254,  614. 
Earth,  critical  periods  in  the  history 

of,  LeOonte,  99. 
Falls  of  St.  Anthony,  recession  of, 

423. 
Fishes  of  Green  River  shales,   256, 

422. 
Geological  Record,  1875,  423. 
Glaciers  of  the  Swiss  Alps,  240. 
Gravel   deposits   of   Boone   county, 

Kentucky,  SuUon,  239. 
ridges  in  the  Merrimack  valley. 

Wright,  239. 
Growth-rings  as  indicating  seasons, 

394. 
Hawaii,  volcanic  eruptions  in,  68. 
Holderberg  in  Vermont  and  Massa- 
chusetts, Dana,  379. 
Insects,  Tertiary  of  Quesnel,  322. 

from  American  Tertiaries,  322. 
Karnes  in  New  Hampshire,  166. 
Lignitic  of  Judith  River,  154. 
Limonite  ore  beds,  Dana,  132. 
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269,  384. 
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Odontomithes,  Marsh,  85. 
Paleozoic  fossils,  cat>ilogue  of,  156. 
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Reptiles,  new,  Marsh,  87,  254, 513,  514. 
Stegosauria,  a  new  order  of  Reptiles, 

Marsh,  513. 
Tejon  group,  age  of.  Cooper,  321. 
Trap  rocks,  garnets  from,  Dana,  216. 
Trilobites,  appendages  of,  Wakott,  494. 
Vermont  and  Berkshire,  Dana,  37, 

132,  202,  267. 
Wing's  discoveries  in,  Dana,  36. 
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Gra/y,   A.,  germination   of   the    genus 
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pyruvic  acid,  310. 
Grinneli,  O.  B,,  fossil  annelids  from  the 
lower  Silurian,  229. 
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HaU,  A.,  time  of  rotation  of  Saturn, 
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493. 
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Hawaii,  volcanic  eruptions  on,  Coan,  68. 
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sis of,  411. 
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Iron  ores,  amount  of  manganese  in,  418. 
Isobutylene,  condensation  of,  66. 


Jordan,  D.  8.,  North  American  Ichthy- 
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Kempe,  A.  B.,  How  to  draw  a  straight 
line,  not.,  431. 

Kern,  5.,  on  the  new  metal,  davyum,  482. 
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normal  fork,  14T. 
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Leeds,  A.  R.,  lithology  of  the  Adiron- 

dacks,  240. 
Leidy, «/.,  remarks  on  the  yellow  ant,  244. 
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416. 
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427. 
Mallei,  J.  W.,  Bipylite,  a  niobate,  397. 
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of  vertebrate  life  in  America,  337. 

Stegosauria,  a  new  order  of  rep- 
tiles, 613. 
new  Jurassic  Dinosaurs,  514. 

Mars,  discovery  of  satellites  of,  326. 
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carbonates,  418. 
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Conn.,  Dana,  216. 

Gummite,  496. 
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Hetserolite,  Moore,  423. 

Labradorite  of  Mt  Marcy,  241. 

Magnolite,  424. 

Nickel,  estimation  of,  178. 

Samarskite  of  North  Carolina,  7 1,  509. 
analysis  of,  71,  130. 
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Mount  Washington,  points  visible  from, 
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iodates  of,  Clarke,  280. 
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Parrefio,  O.,  manganese  in  iron  ores,  41 8. 

PengeUy,  W.,  cavern  exploration  in  Dev- 
onshire, 299,  387. 
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Lea,  49. 
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Physics,  new  results  in,  486. 
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Piatt,  F.,  Coke  manufacture,  69. 
Piatt,  F.  and  W.  G.,  Geol.  rep.  Penn.,  69. 
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Saturn,  time  of  rotation,  HaXk  325. 
Sch'^,  new  urea  reaction,  67. 
ScMoesing,  separation  of  potassium  from 

sodium,  418. 
Sehorlemmer,  aurin,  310. 
Scudder,  S,  H.,  sexual  dimorphism  in 
butterflies,  244. 
insects  in  American  Tertiaries,  322. 
Tertiary  insects  of  Quesnel,  322. 
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Specific  gravity  detenninations,  Olarhe^ 
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Spectram  analjsis,  solar,  Langley^  141. 

Sprague,  I.,  Wild  flowers  of  America, 
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^ahlj  K^  reproduction  of  lichens,  72. 
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heat,  416. 
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Teeth,  morphology  of  human,  323. 
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Tuning-fork,  exactitude  of,  Koenig,  147. 
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161. 

V 
"Vacuum,"  nature  of,  311. 
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Wiid,  K,  nickel  magnet,  415. 
WUder,  B.  G.,  brain  of  Chimaera,  325. 
Willis,  0.,  plants  of  New  Jersey,  498. 
Wilson,  Handbook  of  hygiene,  334. 
Winchell,  N.  H.,  Geological  report,  422. 
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Wright,  A.  W,,  electrical  depositioii  of 
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physical  notices,  247,  419. 
Wright,   O.  F.,  gravel   ridges  in   the 
Merrimack  valley,  239. 
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Yarrow,  H.  C,  burial  customs  of  NcHlfa 
American  Indians,  431. 
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Zirconia  for  oxy-hydrogen  light,  Drc^er, 

208. 
Zoology^ 

Ant,  yellow,  Leidiy,  244. 

Autography,  for  Natural  History  pub- 
lications, Saira,  277. 

Butterflies,  dimorphism  in,  244. 

Cephalopod,  gigantic,  VerrilL,  425. 

Challenger  expeidition,  collections,  161 . 

Colorado  potato  beetle,  73. 

Diagrams,  426. 

Entomological   Coomiission,   Bulled 
of,  74. 

Fishes  of  the  Bermudas,  Cfoode,  289. 
new  species  of,  Ooode  and  Bean,  470. 

Museum,  National,  Bulletins,  426. 

Species,  genesis  of,  161. 

Teeth,  human,  morphology  of,  323. 

Vertebrate  life  in  Am^ica,  Jforsk, 
337. 

See  also  under  Gbologt. 
Zttthovfsky,   formation   of   rosdic   add 

ttom  cresol  and  phenol,  414. 
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AM.  JOUR.  SCI.,  Vol.  XIV.  1877. 


Plate  IV. 


Figure  1. — Outline  of  skull  and  brain-cavity  of  Coryphodon  hamatm  Marsh; 

top  view.     About  one-fifth  natural  size. 
Figure  2. — Hind  foot  of  Coi'yphodon ;  front  view. 

Figure  3. — Fore  foot  of  Coryphodon;  front  view.     Botli  one-third  natural  size. 
Figure  4. — Hind  foot  of  Dinoceras ;  front  view. 
Figure  5.— Fore  foot  of  Diiwcefraa ;  front  view.     Both  one-fifth  natural  size. 
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AM.  JOUR.  SCI.,  Vol.  XIV.  1877. 


Plate  V. 


Figure  1.  Scapular  arch  of  Hesperomis  regalis  Marsh,  one-half   natural  size. 

8.  scapula;  h.  humerus;  /.  furcuium ;  c.  coraooid;  at  sternum. 
Figure  2.  Restoration  of  Hesperornis  regoMs^  about  one-tenth  natural  size. 
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